
 Coventry University

DOCTOR OF PHILOSOPHY

The Effect of Achievement Motivation on Brain Activation, Cognitive Functioning, and
Well-Being

Krastev, Ivaylo

Award date:
2019

Awarding institution:
Coventry University

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of this thesis for personal non-commercial research or study
            • This thesis cannot be reproduced or quoted extensively from without first obtaining permission from the copyright holder(s)
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 26. May. 2023

https://pureportal.coventry.ac.uk/en/studentthesis/the-effect-of-achievement-motivation-on-brain-activation-cognitive-functioning-and-wellbeing(a6b20eef-658b-4570-8367-847038269b0d).html


 

The Effect of Achievement Motivation 

on Brain Activation, Cognitive 

Functioning, and Well-Being 
 

 

 

 
By 

 

Ivaylo Filipov Krastev 
 
 
 
 

March 2019 

 

 

 

 

 
 

A thesis submitted in partial fulfilment of the University’s 

requirements for the Degree of Doctor of Philosophy



 

 

 

 

 

 

 

 

 

 

 

 

Certificate of Ethical Approval 

PROJECT 1 

 

 

Applicant: 

Ivaylo Krastev 

 

 

Project Title: 

The Effects of Brain Asymmetry and Achievement Motivation on Cognitive 

Functioning and Affective Responses 

 

This document is to certify that the above named applicant has completed the Coventry 

University Ethical Approval process and their project has been confirmed and approved 

as Medium Risk. 

 

 

 

 

 

Date of approval: 

17 November 2014 

 

 

 

Project Reference Number: 

P28793



 

REGISTRY RESEARCH UNIT 

ETHICS REVIEW FEEDBACK FORM 

(Review feedback should be completed within 10 working days) 

 

 

Name of applicant: Ivaylo Krastev .........................    

 

Faculty/School/Department: [Faculty of Health and Life Sciences] FRC Psychology, 

Behaviour & Achievement     

 

Research project title: The Effects of Brain Asymmetry and Achievement Motivation 

on Cognitive Functioning and Affective Responses 

 

Comments by the reviewer 

 

Name of reviewer: Anonymous ....................................................................................  

 

Date: 17/11/2014 ............................................................................................................  

1. Evaluation of the ethics of the proposal: 

 

Appropriate changes made. 

2. Evaluation of the participant information sheet and consent form: 

 

Appropriate changes made. 

3. Recommendation: 
(Please indicate as appropriate and advise on any conditions.  If there any conditions, the applicant 

will be required to resubmit his/her application and this will be sent to the same reviewer). 

X Approved - no conditions attached 

 Approved with minor conditions (no need to re-submit) 

 
Conditional upon the following – please use additional sheets if necessary (please re-

submit application) 

  

 Rejected for the following reason(s) – please use other side if necessary 

  

 Not required 



 

 

 

 

 

 

 

 

 

 

 

 

Certificate of Ethical Approval 

PROJECT 2 

 

 

Applicant: 

Ivaylo Krastev 

 

 

Project Title: 

The Effect of Achievement Motivation on Attentional Networks, Problem Solving, 

Perceptual Asymmetry, and Affective Responses in University Students 

 

This document is to certify that the above named applicant has completed the Coventry 

University Ethical Approval process and their project has been confirmed and approved 

as Medium Risk 

 

 

 

 

 

Date of approval: 

21 October 2015 

 

 

 

Project Reference Number: 

P36841



 

REGISTRY RESEARCH UNIT 

ETHICS REVIEW FEEDBACK FORM 

(Review feedback should be completed within 10 working days) 

 

 

Name of applicant: Ivaylo Krastev .........................    

 

Faculty/School/Department: [Faculty of Health and Life Sciences] FRC Psychology, 

Behaviour & Achievement     

 

Research project title: The Effect of Achievement Motivation on Attentional 

Networks, Perceptual Asymmetry, and Affective Responses in 

University Students 

 
Comments by the reviewer 

 

Name of reviewer: Anonymous ....................................................................................  

 

Date: 21/10/2015 ............................................................................................................  

1. Evaluation of the ethics of the proposal: 
 

The project is ethically sound. 

2. Evaluation of the participant information sheet and consent form: 

 

PIS and consent form are suitable. 

3. Recommendation: 
(Please indicate as appropriate and advise on any conditions.  If there any conditions, the applicant 

will be required to resubmit his/her application and this will be sent to the same reviewer). 

X Approved - no conditions attached 

 Approved with minor conditions (no need to re-submit) 

 
Conditional upon the following – please use additional sheets if necessary (please re-

submit application) 

  

 Rejected for the following reason(s) – please use other side if necessary 

  

 Not required 



i 

 

Keywords: Achievement Motivation, Brain Activation, Well-Being, Cognition, Emotion 

ABSTRACT 

Understanding the relationship between positive psychology and neuroscience is 

fundamental for furthering a multi-pragmatic, cross-disciplinary approach to the study 

of psychological phenomena. This thesis investigates the effects of achievement 

motivation on regional brain activation, cognitive functioning, affective responses, and 

well-being. A triangulation of psychophysiological, self-report, and objective cognitive-

behavioural measures were used in the design of three studies. Study 1 examined the 

predictive effects of achievement goal orientations, bio-behavioural approach and 

avoidance systems, and frontal electroencephalographic (EEG) asymmetry on hedonic 

and eudaimonic well-being. A hypothesised moderated mediation model further 

explored interactions between these variables in predicting well-being. Study 2 included 

two experiments. Experiment 1 examined the effects of situationally induced 

achievement goals on attentional network functioning, perceptual asymmetry, and four 

affective responses. Experiment 2 sought to replicate and expand on the findings of 

Experiment 1 by triangulating measures of problem solving and well-being with 

objective EEG measures of regional brain activation. Study 3 combined cognitive and 

event-related potential (ERP) measures to investigate the effects of situational goal 

involvement on free word recall and dynamic neural activity underlying emotional word 

processing. In Study 1, left superior frontal activity, a mastery-approach goal 

orientation, and the behavioural approach system (BAS) predicted both forms of well-

being. The right prefrontal and mid-frontal regions moderated the effect of mastery-

approach goal orientation on eudaimonic well-being and mastery-approach goal 

orientation partially mediated links between the BAS and well-being. Both experiments 

in Study 2 revealed that approach, compared to avoidance, conditions of achievement 

motivation lead to significant increases in left hemispheric activation, attention, 

problem solving, approach-related positive affect, hedonic and eudaimonic well-being. 

Study 3 found that free recall was highest in the mastery-approach goal condition and in 

response to positive words. ERP analysis confirmed the benefits of mastery-approach 

motivational involvement in processing of emotional information. The present thesis 

revealed that approach motivational types appear to be more adaptive than avoidance 

motivational types in predicting well-being and facilitating left brain activation 

following sustained cognitive engagement. This could ultimately benefit cognitive 
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health and well-being across educational settings. The findings are discussed in relation 

to previous studies, social cognitive and neuroscientific theories of motivation and 

emotion, and positive psychological concepts of well-being. Limitations are identified 

that provide directions for future longitudinal and intervention research. The thesis 

concludes with suggestions for further integration, investigation, and application in the 

areas of cognitive, neurophysiological, positive, and affective psychology.
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CHAPTER 1 
 

 

 

“The happiness of a man in this life does not consist in the absence but in the mastery of 

his passions.” 

Alfred Lord Tennyson (1809-1892), English poet. 

 

 

General Introduction 

This thesis proposes and implements the integration of neurocognitive, social 

cognitive, and cognitive behavioural theory using experimental methods that included 

subjective self-report methods coupled with objective psychophysiological and 

cognitive measures. Social cognitive constructs of achievement motivation were 

examined in relation to objective markers of brain electrical activity. Identified 

relationships between the measured variables were further supported with follow up 

studies that also provided links with a range of cognitive and self-report variables. 

Based on the accumulated evidence it is argued that achievement motivation affects 

regional brain activation, cognitive functioning, and well-being. It is suggested that 

dimensions of achievement motivation are moderated by differences in regional brain 

activation, which subsequently affect cognitive and affective variables. An argument is 

presented for the multimethod triangulation of the psychophysiological, affective, and 

social cognitive components of the model. By triangulating measures, a broader 

understanding of all the areas under investigation is advanced. The following section 

provides an introduction to the theories and research that form the basis of this thesis. 

Motivation is a ubiquitous construct across all spheres of life. The concept 

appears in many fields of psychology and has fascinated researchers for centuries. The 

term motivation originates from the Latin ‘movere’ meaning ‘to move’ and 

psychologists studying motivation seek to understand what moves people to act and why 

people think and behave the way they do (Weiner 1992). Specific interpretations of 

motivation reflect the adopted theoretical perspective of achievement goals (Dweck 

1986; Nicholls 1984). However, a broad description centres around general goal-

directed behaviour and individual differences in choice of activities, intensity, and 

persistence of effort (Heckhausen 1977; Sage 1977). More recent definitions focus on 
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the process that influences the initiation, direction, magnitude, perseverance, 

continuation, and quality of goal-directed behaviour (i.e., Maehr and Zusho 2009). The 

dynamic nature of individual and environmental motivational forces leads to changes in 

effort, direction, and subsequent motivational consequences. Thus, in order to maximise 

the type of motivation that can lead to positive outcomes in achievement situations, a 

better understanding and application of cognitive and social variables is required. The 

present thesis extends previous works that adopt social cognitive models of motivation. 

Such models centre on perceptions of success and failure of achieving competence (for 

reviews, see Hulleman et al. 2010; Kaplan and Maehr 2007; Murayama, Elliot, and 

Friedman 2012). Whilst research continues to develop a pace, there are still other areas 

of psychology that can account for the dynamic and implicit nature of motivation.  

One area of particular relevance to the study of motivation and important to the 

interdisciplinary nature of the current research, is neuroscience. Motivational concepts 

are becoming increasingly recognised in neuroscientific models to explain more than 

mere fragments of cognition and behaviour. One area of neuroscience that can be linked 

to concepts of motivation is the phenomenon of brain lateralisation, also known as 

brain asymmetry. Brain asymmetry is interpreted by Angus and Harmon-Jones (2016) 

as lateralised activity in the frontal cortex (left vs. right) related to affective valence 

(positive vs. negative) or motivational direction (approach vs. withdrawal). A primary 

measure used in research on brain asymmetry and motivational direction or emotional 

valence is frontal EEG asymmetry. This refers to hemispheric differences in the alpha 

(8-13 Hz) amplitude of anterior scalp-recorded electroencephalographic (EEG) activity 

(Davidson 1988). EEG research over the past 30 years has shown that left frontal EEG 

activity is functionally linked to approach motivation and positive affect, while right 

frontal EEG activity is functionally linked to withdrawal motivation and negative affect 

(for reviews, see Coan and Allen 2004; Davidson 2004b; Harmon-Jones and Gable 

2018). Frontal EEG asymmetry has also been related to the functioning of two neural 

systems that reflect the generation and maintenance of approach (BAS) and avoidance 

(BIS) behaviours. This thesis provides a basis for the unified study of motivation by 

combining experimental and neuroscientific approaches to the field. 

Another area of prominence that overlaps with the study of motivation is 

positive psychology. The integration of concepts from positive psychology with 
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constructs from motivation theories has received most attention in studies of academic 

achievement (Pajares 2001). Particular attention has been placed on the importance of 

achievement goals for student well-being (Kaplan and Maher 1999). The distinction 

between hedonic and eudaimonic approaches to well-being has important implications 

for understanding the relationship between well-being and other variables such as 

achievement motivation (Tov 2018). The correlates of well-being may depend on how it 

is conceptualised and measured. Hedonic well-being has been referred to as subjective 

well-being (Diener 1984). Eudaimonic well-being has been defined as psychological 

well-being (Ryff 1984). Other scholars have argued that well-being consists of both 

state-like variation and trait-like stability (Eid and Diener 2004). The state-trait 

distinction could also further the understanding of eudaimonic well-being components 

which have tended to be measured as traits rather than states (Waterman 2008).  

 When predicting hedonic and particularly eudaimonic well-being from 

dimensions of achievement motivation, the extant literature is inconsistent and 

imprecise. Although psychological research on well-being has progressed over the past 

two decades, neuroscientific research in this area remains relatively sparse. Whilst 

studies have begun to examine the neural correlates of hedonic constructs (Kringelbach 

and Berridge 2009, 2011), rarely has eudaimonic well-being been investigated within 

the scope of neuroscience (Urry et al. 2004). There is growing appreciation that 

bridging the boundaries between neuroscience and positive psychology is of significant 

importance to achieving progress across these disciplines (Marshall 2009). This 

integration should facilitate the understanding of how motivational processes interact 

with bio-behavioural and neurophysiological variables in predicting well-being. 

Further consideration is given to the motivational factors that influence cognitive 

information processing. There is a growing body of theoretical and empirical evidence 

relating to the impact of motivational context on the intensity or direction of cognitive 

control (for reviews, see Braver et al. 2014; Higgins and Molden 2003; Madan 2017). 

Nevertheless, limited experimental work has associated dimensions of achievement 

motivation with cognitive processes such as attention (Förster et al. 2006; Friedman and 

Förster 2005b; Memmert and Caňal-Bruland 2009) and problem solving (Friedman and 

Förster 2002, 2005a). Investigations of cognitive processes have linked approach and 

avoidance motivation with respective left and right brain activation using limited 
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behavioural measures (e.g., Friedman and Förster 2005a). To further understanding of 

these processes, more objective psychophysiological measures of brain activation are 

warranted. In addition, research on other cognitive processes, such as memory, could 

also benefit from cross-disciplinary work with motivation (Murayama and Elliot 2011). 

Overall, the recent surge of interest in the relationship between motivation and 

cognition has led to promising results in experimental research. Understanding how 

structured motivational contexts impact cognitive processes at the psychophysiological 

level is a primary aim of the present research. 

Another purpose of the current line of research is to investigate emotional-

cognitive interactions and their relationship with neural mechanisms and achievement 

motivation. It is well established that emotion and motivation can either enhance or 

impair performance depending on their interaction with cognitive control functions (see 

Pessoa 2009 for a review). Emotions represent a combination of positive and negative 

valences with low and high arousal (Higgins 2000). Critically, the valence of emotion 

does not directly map onto the valence dimension of motivation (see Harmon-Jones and 

Gable 2018 for a review). Emotional valence has been shown to capture attentional 

control (i.e., the ability to control attention voluntarily; Derryberry and Reed 2002) and 

enhance memory independent of stimulus arousal (Adelman and Estes 2013). However, 

there has been little experimental work on the links between achievement motivation 

and memory (Murayama and Elliot 2011). A better insight into this link can be gained 

from event-related potential (ERP) studies of emotional memory encoding (Dolcos and 

Cabeza 2002). By triangulating experimental, self-report, and EEG/ERP measures, the 

present line of study furthers understanding of motivational effects on cognitive and 

emotional processes, brain activity, well-being, and affective responses. The perspective 

adopted here is based on the assumption that neuroscientific methods provide a suitable 

approach for the study of any links between motivation, emotion, and cognition.  

The following chapter provides a critical review of the salient literature in these 

areas of study. It suggests cross-disciplinary links between achievement motivation and 

a range of cognitive, electrophysiological, and affective variables. First, theoretical and 

empirical observations relating to achievement motivation are provided. The theoretical 

perspectives that have dominated interpretations of these core observations are 

compared and contrasted, arguing here for the key roles of positive psychology and 
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neuroscience. An emergent line of research on the neural correlates of well-being and 

motivation is reviewed. The review culminates with a set of observations concerning 

interactions between the emotional, motivational, and cognitive variables and the 

potential synergy between behavioural and neuroscientific approaches. A number of 

limitations of the research are identified and suggestions for a new line of study are 

provided. The scope of this thesis required a multi-layered literature review. The pursuit 

of a more holistic approach may strengthen the foundations for psychology to further 

integrate experimental, self-report, and psychophysiological methods and techniques.
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CHAPTER 2 
 

 

 

Review of the Literature 

 

 

1. Achievement Motivation 

1.1 Theoretical Perspectives of Motivation 

Theories of motivation have evolved over the last 60 years and can broadly be 

classified as content theories and process theories. The content (or needs) theories focus 

on the internal drives as an explanation of what energises and directs human behaviour. 

In general, such theories regard motivation as the product of internal drives that compel 

individuals to move towards the satisfaction of their needs. The main content theories of 

motivation include Herzberg’s (1966) two factor theory, Maslow’s (1970) hierarchy of 

needs, Alderfer’s (1969) ERG theory, and McClelland’s (1985) acquired needs theory. 

Despite their popularity and applicability, the major criticism of the content theories is 

that they lack empirical support and validation (Locke and Latham 2004). Further, these 

models fail to consider the importance of individual differences such as dispositional 

traits and the dynamic nature of individual needs over time. To avoid conceptual 

confusion and maximise the theory-building potential of motivation research, clear 

definitional and quantitative separation between motivational constructs is warranted. 

The second category of motivational theories is the process (or cognitive) 

theories. Unlike the content theories which focus on need fulfilment, the process 

theories focus on conscious human decision processes as an explanation of motivation. 

In essence, the process theories are concerned with how individual behaviour is 

energised, directed, and maintained at a rational cognitive level. The main process 

theories include Vroom’s (1964) expectancy theory, Adam’s (1963) equity theory, and 

Locke’s (1968) goal setting theory. Despite a growing literature that supports the 

process theories of motivation, conceptual and methodological problems remain. Such 

theories are criticised for being relatively complex and difficult to translate into 

practice. This may create difficulties when designing evidence-based intervention 

programmes in applied settings (Locke and Latham 2004). New theories of motivation 

are required to explore interactions between individuals and the environmental context. 



7 

 

 

Contemporary theories of motivation have evolved over the past 30 years to 

address the limitations of earlier theories. Weiner’s (1986) attribution theory focuses on 

the individual beliefs of what caused an event or behaviour and explains the subsequent 

motivational and emotional contributions to future success and failure. Expectancy-

value theories (Eccles 2005; Wigfield and Eccles 2000) identify task value and 

expectancy for success as the key factors that influence behaviour. Self-determination 

theory (Deci and Ryan 1985) is a macro theory of motivation where the satisfaction of 

three basic needs determine the extent of internal and external motivational regulation 

and resultant thoughts, feelings, and behaviours. Social cognitive theories (e.g., Bandura 

1977a, 1977b) were derived from studies on phobias and suggested self-efficacy beliefs 

regulated thought and behaviour. All contemporary theories acknowledge human 

cognition as influencing perceptions and exerting motivational controls. A limitation of 

these models, however, is that they fail to explain the individual and social factors that 

influence achievement-related processes and outcomes triggered by goal involvement. 

Achievement motivation has been a central topic in social cognitive science 

since psychology became an established scientific discipline in the late 1800s. The 

concept of achievement motivation is rooted in the early works of William James 

(1890) and his discussions of achievement goal strivings and self-evaluation. The 

concept also underlined the principles of Gestalt movement in Ach’s (1910) writings on 

‘determining tendency’ and Lewin’s (1935) notion of ‘quasi-needs’. Early work on 

achievement motivation has evolved in two conceptual research traditions. The classic 

motive-based approach (McClelland et al. 1953; Murray 1938), known as need 

achievement theory (Atkinson 1957), and the contemporary goal-based approach (Ames 

1984; Dweck and Elliot 1983; Maehr and Nicholls 1980; Nicholls 1984).  

The term ‘achievement’ implies an appraisal of perceived competence when an 

individual’s performance is evaluated relative to a standard of excellence (Ames 1984; 

Atkinson 1964; Dweck and Elliot 1983; Heckhausen 1999; McClelland et al. 1953; 

Nicholls 1984; Veroff 1969). Such behaviour is called achievement-oriented or 

competence-oriented. Many theoretical and conceptual constructs exist that attempt to 

explain the processes underlying achievement-oriented behaviour (Pintrich 2000a). 

Constructs that dominate the achievement motivation literature include achievement 

motive (Fineman 1977), perceived competence (Harter 1978, 1981), and achievement 



8 

 

 

goal (Ames 1984; Dweck 1986; Elliot 1997; Nicholls 1984). The following section 

provides a critical review of the social-cognitive models of achievement motivation. 

1.2 Achievement Goal Models 

The achievement goal approach to motivation is over 40 years old. It has 

produced a voluminous and varied area of theoretical and empirical work in contexts 

such as education, sport, business, and socio-personality. Competence has been 

considered the conceptual core of the achievement motivation literature (Elliot and 

Dweck 2005). The work of Elliot (2005) is of significant importance to the 

understanding of the conceptual history of the achievement goal construct. Whilst no 

consensual definition exists, achievement goals are defined as the energisation and 

direction of competence-related behaviour (Arkes and Garske 1977; Deci and Ryan 

2000; McClelland 1985; Pintrich and Schunk 1996; Porter, Bigley, and Steers 1987). 

The original formulation of Achievement Goal Theory (AGT) is based on a 

dichotomous framework of goals grounded in the mastery-performance distinction 

(Dweck 1986; Maehr 1984; Nicholls 1984; Nicholls and Dweck 1979 cited in Elliot 

2005). The dichotomous model, also known as Goal Orientation Theory, distinguishes 

between two distinctive types of goal orientations that vary according to the definition 

of competence. The first is a mastery or task goal orientation that represents a focus on 

improvement or mastery of an activity from a self-referenced or intrapersonal 

perspective. The second is a performance or ego goal orientation that represents a focus 

on outperforming others from a normative or interpersonal perspective. From this point 

forward, the terms mastery and performance orientation will be adopted in this thesis. 

While still a pervasive achievement goal framework, the dichotomous model has been 

criticised for failing to incorporate the valence dimension of competence within AGT 

(Elliot 2005). 

The dichotomous framework was revisited in the late 1990s to incorporate a 

further dimension. The valence of competence was integrated into the achievement goal 

construct to reflect the attraction or aversion towards a situation or event and the two 

factors are termed approach and avoidance orientation. Approach motivation refers to 

the urge to go towards a stimulus. Avoidance motivation is defined as the ‘energisation 

of behaviour by or the direction of behaviour away from negative stimuli’ (Elliot 2006: 

112). A trichotomous model of achievement goals was developed from a bifurcation in 
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the performance dimension (Elliot and Harackiewicz 1996). A performance-approach 

orientation is focused on demonstrating superiority and having desirable judgements of 

competence relative to others. A performance-avoidance orientation is focused on 

avoiding failure and undesirable judgements of competence relative to others.  

Elliot’s second major contribution to the achievement motivation literature was 

the development of the trichotomous hierarchical model of approach and avoidance 

motivation (Elliot and Church 1997). According to the hierarchical model, goals are 

conceptualised as ‘cognitive representations of a future object that the organism is 

committed to approach or avoid’ (Elliot and Fryer 2008: 244). The model integrates the 

achievement motive and achievement goal constructs and traditions where motives are 

viewed as latent dispositions and goals as context-specific aims (Elliot 1999; Elliot and 

Thrash 2001; Thrash and Elliot 2001). While the individual goal orientations represent 

the cognitive components of this social-cognitive theory, the social environmental 

aspects are also critical in determining people’s thoughts, feelings, and behaviours. 

An alternative perspective of achievement motivation relates to the importance 

of situational goal structures (Ames and Archer 1988). A motivational climate is the 

environment created by significant others (e.g., schools, teachers, and tasks) that 

determines the degree to which mastery or performance orientations are perceived as 

salient in an achievement context (Ames 1992). Similar to goal orientations, the 

motivational climate also takes on a mastery and performance dichotomy. A mastery 

motivational climate is where the social environment places an emphasis on learning, 

task mastery, and effort from a self-referenced perspective. A performance motivational 

climate is evident when the social environment emphasises competition, rivalry, and 

comparison from a normative perspective. The motivational climate can have positive 

or negative impact and people can react differently to the same motivational climate.  

The interaction between the dispositional and social factors results in what is 

known as the motivational or goal involvement. Theories of achievement motivation 

agree that goal involvement is a multidimensional construct manifested by a 

combination of individual differences and social environmental factors. Nicholls (1989) 

contends that in achievement contexts conceptions of ability are determined by states of 

goal involvement. It is a situation-specific measure of how an individual performs in an 

achievement context at a specific point in time. An individual can be influenced by a 
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combination of approach or avoidance goal orientations which are encouraged and 

nurtured according to the mastery, performance, or combined motivational climates 

(Ames 1992). In short, the individual goal orientations and motivational climate 

determine the situational goal involvement, which in turn determines the choice of task, 

level of effort, persistence, perceptions of ability, and definitions for success and failure. 

1.3 The 2x2 Achievement Goal Model 

The 2x2 model of achievement goals (Elliot and McGregor 2001) has emerged 

from the field of educational psychology. The model is an extension of the trichotomous 

goal framework. In the 2x2 AGT model, individuals can be high or low on each of the 

dimensions of mastery-approach (MAp), mastery-avoidance (MAv), performance-

approach (PAp), or performance-avoidance (PAv) orientations (Elliot 1999; Elliot and 

McGregor 2001; Elliot and Murayama 2008). A MAp orientation is focused on the 

development of competence and the attainment of task mastery according to self-set 

standards or self-improvement. A MAv orientation is the motivation to avoid task 

failure through misunderstanding or lack of effort. Here, achievement is defined as 

avoiding falling below one’s own typical standards of achievement. A PAp orientation 

is focused on outperforming other individuals and demonstrating competence to others. 

A PAv orientation relates to the demonstration of incompetence relative to other 

individuals. Each goal orientation can be similarly reflected in approach and avoidance 

dimensions of the motivational climate and situational goal involvement (see Figure 1). 
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Figure 1. Achievement Goal Theory and the 2x2 Constructs. 
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The most recent theoretical advancement is the 3x2 goal framework (Elliot et al. 

2011). The model integrates absolute (task-based), intrapersonal (self-based), and 

interpersonal (other-based) standards of competence evaluation. The mastery goals 

reflect task-based and self-based evaluations and the performance goals reflect other-

based evaluations. The 3x2 model has received much empirical support for increasing 

the precision of the 2x2 model (Johnson and Kestler 2013; Mascret, Elliot, and Cury 

2014; Wu 2012). The two models, however, share some distinctive conceptual features. 

The goals in the 2x2 model are comprised of two distinct subcomponents (Elliot 1999). 

One subcomponent distinguishes between two standpoints on competence. These 

include the standpoint of developing competence vs. the standpoint of demonstrating 

competence. The other subcomponent distinguishes between two standards of 

competence. These include task/self-based vs. other-based standards of evaluation. The 

3x2 model focuses exclusively on the standards of competence and does not incorporate 

the standpoints on competence that the 2x2 model adopts (Korn and Elliot 2016). 

Despite its inception more than 15 years ago, the 2x2 model of achievement 

goals remains relatively modest in terms of empirical progress and development. Some 

researchers have criticised its validity and even questioned its inclusion within AGT 

(DeShon and Gillespie 2005). Furthermore, the majority of studies have largely 

discounted its acceptance by adopting the trichotomous goal framework (e.g., Pekrun, 

Elliot, and Maier 2009; Phan 2009). There is a paucity of research that has utilised the 

2x2 goal framework as a main focus of investigation (Cury et al. 2006; Finney, Pieper, 

and Barron 2004; Phan 2013; Van Yperen 2006). Whilst all of the above theories and 

research have been empirically tested in various contexts, the 2x2 AGT model forms the 

basis of this thesis for several reasons. It is (1) a validated and established social-

cognitive model of achievement motivation, (2) developed in an educational context 

with practical application in controlled experimental designs, and (3) comprises 

definition and valence dimensions of competence. 

When considering which theoretical model to adopt for investigative inquiry, 

there is some credence to recommend the acceptance of the 2x2 achievement goal 

model. The model provides evidence for the structural validity and predictive utility of 

the four achievement goals, considering the importance of the definition and valence 

dimensions of competence (Elliot and McGregor 2001; Elliot and Murayama 2008). 
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Conceptually, the standards-standpoints distinction of competence evaluation enhances 

the precision of the model, allowing for greater understanding of the constructs (Korn 

and Ellior 2016). Further, as mastery goals are typically associated with positive 

outcomes (e.g., Pekrun, Maier, and Elliot 2009), a greater understanding of the valence 

of competence component (approach vs. avoidance) will improve conceptual coherence 

and provide more information for researchers and practitioners to design and implement 

programmes to enhance mastery involvement. Clarification of the characteristics and 

operational nature of the 2x2 goal types is central in terms of effective practices. 

1.4 The Assessment of Goal Orientations 

Researchers have used various methods and contexts to operationalise goal 

orientations (for a review, see Kaplan and Maehr 2007). The development and 

validation of self-report methods have served to expand the number of variables that 

might be associated with goal orientations (Midgley et al. 1998). The number of 

psychometric instruments has increased with the developments in AGT (for a review, 

see Hulleman et al. 2010). A popular measure of goal orientation is the Achievement 

Goal Questionnaire (AGQ; Elliot and McGregor 2001). Elliot and Murayama (2008) 

have since identified several specific problems with the structure and predictive utility 

of the AGQ and made further revisions to improve its precision. Finney, Pieper, and 

Barron (2004) also tested the factor structure of the AGQ within a general academic 

context and found additional support for the four distinct factors of goal orientation. 

However, an over-reliance on self-report methods remains a limitation of achievement 

goal research. For example, there is the possibility of response bias issues with survey 

designs due to a reliance on aggregate scores. Whilst self-report investigations have 

been integral to our understanding of the structure and nature of goal orientations, 

excessive reliance on questionnaire measures limits the development of the theory and 

establishment of clear, valid, and reliable relationships between concepts. 

In addition to self-report designs, a number of studies have used experimental 

designs which helped lay the foundations for Goal Orientation Theory (Ames 1984). 

Experimental manipulations typically include statements that describe the purpose of 

the task relative to the standards of competence evaluation. Under different achievement 

goal climates, participants would normally be asked to focus on the task and either do 

their best to improve their own performance (mastery approach), avoid a drop in their 
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own performance (mastery avoidance), outperform other people on the task 

(performance approach), or avoid being outperformed by other people on the task 

(performance avoidance). However, experimental studies of achievement goals have 

typically centred on the dichotomous or trichotomous goal models (Bereby-Meyer and 

Kaplan 2005; Dweck and Leggett 1988; Elliot and Harackiewicz 1996; Lochbaum and 

Stevenson 2014; Murayama and Elliot 2011). Investigation of the 2x2 goal structure in 

performance specific situations is relatively rare (e.g., Van Yperen, Elliot, and Anseel 

2009). There are two clear advantages of the experimental design over the self-report 

methodology. First, they can provide a strong indication of the antecedents of goal 

orientations. Second, they can support causal links between goal orientations and 

outcomes. While experimental designs have been able to demonstrate the impact of 

mastery or performance goal conditions on certain patterns of cognition, affect, and 

behaviour, these methods are limited by the effectiveness and durability of the 

manipulations with mixed findings that often lack consistency between studies. 

2. The Emerging Neuroscience of Motivation and Well-Being 

One way to address some methodological limitations of previous studies is to 

examine the neural underpinnings of implicit cognitive and affective processes. 

Neuroscientific methods have gained widespread use in many areas of psychological, 

cognitive, affective, and social sciences. Popular methods in neuroscientific research 

include brain imaging techniques such as functional magnetic resonance imaging 

(fMRI) and psychophysiological measures such as electroencephalography (EEG). This 

thesis supports the use of EEG as a reliable and efficient measurement of brain electrical 

activity (Davidson 1988). When coupled with experimental and self-report methods, 

EEG may provide a better understanding of the motivational and emotional processes 

involved in the brain. Notwithstanding some challenges associated with the use of EEG 

methods (e.g., the level of signal detection accuracy and precision), evidence suggests 

that EEG is a reliable measure of detecting PFC electrical activity (Pizzagalli 2007). 

EEG also has excellent temporal resolution compared to other techniques (i.e., fMRI) 

which have low-precision time measurements. EEG can accurately detect brain activity 

at a resolution of a millisecond. In this case EEG was well-suited to measure brain 

electrical activity and decompose the time course of emotional processing. In addition, 

neuroscientific measures can provide direct and objective assessments of regional brain 
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activity. The triangulation of self-report measures with objective cognitive and 

psychophysiological measures is a novel approach that may be beneficial in 

distinguishing constructs of emotion from motivation and advancing understanding of 

their impact on cognitive processes and brain activity.  

The following section highlights some of the key theoretical and empirical 

advancements that have furthered understanding of the brain mechanisms involved in 

motivation and emotion. In the present thesis, this body of theory and research is 

applied specifically to achievement motivation and well-being. Findings from EEG 

asymmetry research have been used to identify the neural correlates of well-being and 

achievement goals in order to integrate these concepts within neuroscientific 

frameworks. With the development of neuroscientific approaches to well-being (e.g., 

Berridge and Kringelbach 2013), positive neuroscientists (e.g., Greene, Morrison, and 

Seligman 2016) could join efforts in expanding the empirical focus beyond the study of 

mental illnesses to include the study of ‘positive’ cognitive and emotional phenomena. 

The emergence of affective neuroscience as a discipline (e.g., Davidson and 

Sutton 1995) and its involvement in interdisciplinary collaborations with psychology, 

have provided new insights into the dynamic and implicit nature of motivation and 

emotion (Harmon-Jones and van Honk 2012). Affective neuroscience covers the 

neurophysiology of emotional and motivational processes (see Dalgleish, Dunn, and 

Mobbs 2009 for a review). The study of the biological and physiological underpinnings 

of motivation and emotion dates back more than five decades of animal and human 

lines of research. The theoretical view shared among the psychophysiological and 

neuroscientific investigators is that the brain’s motivational circuits determine human 

emotion (Lang and Bradley 2010). For example, Albert Ax’s (1953) seminal 

experiments revealed physiological differences between anger and fear and differences 

in classical conditioning of autonomic responses between high and low achievers. The 

latter finding was interpreted to reflect motivational learning aptitude as well as strength 

of motivation (see Stein and Fetzner 1996 for a review of Ax’s work). Whilst 

neuroscientific research has informed the study of motivation and emotion, work in this 

area is particularly limited in its links with achievement goals and well-being. The 

progression of neuroscientific investigation should involve a synthesis of current 

theories and research in associated fields of motivation and emotion. 
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2.1 Theoretical Perspectives of Emotion 

The effort to define ‘emotion’ has a long history in psychology. While there is 

currently no consensual definition of emotion, one review suggests that emotions are 

best defined as ‘complex psychological or physiological states that index occurrences of 

value’ (Dolan 2002: 1191). Davidson and colleagues (1990) suggest that emotions 

include the three elements of automatic reactions, cognitions, and behaviours. More 

recently, Roseman (2008) conceptualised emotions as a system of multiple related 

processes encompassing aspects of thought, physiology, expression, action, and goals. 

Social constructionist researchers similarly argue that emotions represent ‘products of 

distinct but interacting psychological processes with accompanying neural networks’ 

(Barrett 2006: 50; Barrett and Wager 2006: 83), comprised of cognitive and affective 

sub-processes that are highly contextualised in nature (Gendron and Barrett 2009). As 

suggested by Chew and Braver (2011), a common feature of all definitions is the idea 

that emotions represent an affective experience that involves a cognitive processing 

mechanism and is constructed by multiple brain networks working in tandem.  

Thus far it is evident that emotions are a complex combination of physiological 

arousal, psychological appraisal, and affective experience. Together, these are known as 

the components of emotion. Several theories of emotion have been proposed to explain 

the interactions between the various components of emotion. There is a general 

consensus among some theorists and researchers that the structure of emotion is best 

represented in a two-dimensional circular space (Lang, Bradley, and Cuthbert 1990; 

Russell 1980). The circumplex model (see Figure 2) posits that affective states arise 

from two neurophysiological systems that reflect dimensions of valence and arousal. 

The valence dimension distinguishes between pleasant and unpleasant emotions. The 

pleasure-displeasure distinction is a dimension of experience that refers to hedonic tone. 

The arousal dimension represents the level of emotional arousal (low vs. high). Each 

emotional state is viewed as a linear combination of these dimensions. For example, 

happiness represents an affective state that is the product of strong activation in the 

neural system associated with positive valence and moderate activation in the neural 

system associated with arousal. Similarly, emotional states other than happiness arise 

from the same two neurophysiological systems but differ in the degree of activation. 
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Figure 2. The circumplex model of affect (Russell 1980). The horizontal axis represents 

the valence dimension. The vertical axis represents the arousal dimension.  

 

Alternative interpretations of the model also exist. In contrast to separating 

valence and arousal dimensions, Watson and Tellegen (1985) conceptualised emotions 

along two dimensions of valence (i.e., Positive and Negative Affect; PANA). Another 

representation of affective structure is the vector model (Bradley et al. 1992). It asserts 

that there is a fundamental dimension of arousal and a binary choice of valence that 

determines the direction of affect. Some research found no support for the circumplex 

model over the PANA and vector models (Rubin and Talarico 2009). Further, Larsen 

and Diener (1992) defined emotions in terms of low or high activation associated with a 

sense of mobilisation or energy. Barrett and Russell (1998) theorised that the two 

dimensions of valence and activation could be integrated into a bipolar model of 

emotion. Despite criticism that these models fail to capture crucial aspects of affective 

experience, two-dimensional models of emotion provide a conceptual framework for 

addressing important research questions in broader psychology as well as neuroscience 

(for a review, see Posner, Russell, and Peterson 2005). Overall, affective states are a 

phase of neurobiological activity and the central motivational aspect of emotion. 

2.2 Frontal EEG Asymmetry and Emotion 

The processing and experience of emotions are complex phenomena that involve 

brain circuitry from both cortical and subcortical structures. Cortical asymmetries have 

Some materials have been removed due to 3rd party copyright. The unabridged 
version can be viewed in Lancester Library - Coventry University.
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traditionally been observed for emotional processing. The last forty years of research in 

affective and social neuroscience have generated a substantial literature base on 

hemispheric specialisation and the perception of emotion (see Demaree et al. 2005 for a 

review). This has resulted in several theories of lateralised emotional processing. 

The oldest theory of brain asymmetry is the right-hemisphere hypothesis, which 

emanated from neurological studies in the early 1900s (e.g., Babinski 1914, translated 

by Langer and Levine 2014). The model states that the right hemisphere is specialised 

for processing all emotions, regardless of valence (i.e., positive or negative). Initial 

support for this hypothesis was provided by Schwartz, Davidson, and Maer (1975). 

Lateralised EEG parameters measured during emotionally charged states resulted in 

increased activation in the right hemisphere of the healthy human brain. Over time, 

Borod and colleagues corroborated the assumption that the right hemisphere is more 

involved than the left hemisphere in the expression of facial emotions (Borod, Koff, and 

Caron 1983; Borod et al. 1998). Studies with brain-damaged patients also showed 

impaired recognition of emotional facial expressions in patients with right hemisphere 

lesions but not in patients with left hemisphere lesions (Adolphs et al. 1996). Despite 

some evidence suggesting a dominant role of the right hemisphere in emotions (Sato et 

al. 2004), a separate line of research reported a different pattern of brain asymmetry. 

An alternative model of the laterality of affect is the valence hypothesis. 

Davidson et al. (1979) were the first to suggest that experiences of positive and negative 

emotions are reflected by differential patterns of asymmetrical prefrontal cortical (PFC) 

activity. Perhaps the strongest evidence in support of the valence model was provided 

by an assembly of EEG studies that have associated relative increased left PFC activity 

with positive emotional states and relative increased right PFC activity with negative 

emotional states (Davidson and Fox 1982; Davidson and Henriques 2000; Davidson et 

al. 1979; Ekman and Davidson 1993; Ekman, Davidson, and Friesen 1990; Fox and 

Davidson 1987, 1988; Mandal et al. 1999; Reuter-Lorenz and Davidson 1981; Schaffer, 

Davidson, and Saron 1983; Sutton and Davidson 2000; Tomarken et al. 1992; 

Waldstein et al. 2000; Wheeler, Davidson, and Tomarken 1993). The majority of 

research on the valence model has been conducted using the Positive Affect and 

Negative Affect Scale (PANAS; Watson, Clark, and Tellegen 1988) as a reliable and 

valid measure of dispositional mood (Crawford and Henry 2004). Tomarken et al. 
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(1992), for example, found that participants with stable and extreme relative left frontal 

activation reported significantly higher dispositional positive affect and lower negative 

affect as opposed to those with stable and extreme relative right frontal activation. In 

summary, the consideration of emotional valence associated with experimental stimuli 

proved to be an important step in the understanding of emotional lateralisation. 

2.3 Frontal EEG Asymmetry and Motivation 

Despite the prevalence of research on the valence hypothesis, more recent work 

supports the approach-withdrawal model in explaining the frontal laterality of emotion. 

The model suggests that motivational direction rather than affective valence influences 

frontal brain asymmetry (Davidson 1995; Davidson et al. 1990). Asymmetric frontal 

EEG activation has been shown to change during exposure to emotionally salient 

stimuli believed to evoke approach or withdrawal motivational systems (Coan, Allen, 

and McKnight 2006). The overlap between the valence and approach-withdrawal 

models is extensive, with most negative emotions (e.g., fear, disgust) eliciting 

withdrawal behaviours, and most positive emotions (e.g., joy, happiness) eliciting 

approach behaviours (Davidson 1998). This is an example of how models that appear 

conceptually distinct can also overlap in terms of their empirical predictions (Spielberg 

et al. 2008). However, this overlap makes it difficult to assess which model better 

explains the relationship between emotion, motivation, and frontal brain asymmetry. 

Research on frontal brain asymmetry and motivation is abundant. Multiple 

studies have revealed state effects on frontal EEG asymmetries (Coan and Allen 2003c; 

Coan, Allen, and Harmon-Jones 2001; Davidson et al. 1990; Ekman and Davidson 

1993; Harmon-Jones and Sigelman 2001). Specifically, relatively greater left frontal 

EEG activation was associated with approach-oriented positive affect (e.g., happy, 

content, joyful), whereas relatively greater right frontal EEG activation was associated 

with withdrawal-oriented negative affect (e.g., worried, nervous, tense). A review of 

evidence on the links between frontal asymmetry, motivation, and emotion is provided 

by several researchers (e.g., Coan and Allen 2004; Harmon-Jones and Gable 2018; 

Reznik and Allen 2018). In an experiment by Davidson et al. (1990), baseline EEG was 

recorded while participants viewed film clips that evoked either happiness or disgust. 

Right-sided frontal activation was associated with the emotional expression of disgust. 

Left-sided frontal activation was observed during segments of the happiness-evoking 
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film clips in which participants displayed a Duchenne’s smile (Ekman, Davidson, and 

Friesen 1990). Similar findings have been obtained from studies where participants 

performed voluntary emotional facial expressions (Coan and Allen 2003c; Coan, Allen, 

and Harmon-Jones 2001). As noted by Coan and Allen (2003b), however, little is 

known about the nature of frontal EEG asymmetry and the degree to which the 

construct reflects dispositional traits versus specific cognitive or emotional states. 

 Among the most salient features of emotion is the individual variability in 

dispositional mood and reactions to emotional incentives and challenges. Collectively, 

these varied affective phenomena have been described as affective style (Davidson 

1992a, 1998, 2004a). The pattern of resting frontal EEG activity may reflect a tendency 

(or trait) towards the expression and experience of positive and negative affective styles 

associated with approach and withdrawal motivational systems (Davidson 1993). There 

is a growing consensus that relatively greater left frontal EEG activity is related to trait 

tendencies towards an approach (or appetitive) motivational system and relatively 

greater right frontal EEG activity is related to trait tendencies towards a withdrawal (or 

avoidance) motivational system (Davidson 1993, 1998). Indeed, the asymmetry 

measure shows moderate to high trait-like heritability (Coan 2003; MacDhomhail et al. 

2009) and acceptable levels of test-retest reliability (Allen et al. 2004). Further reports 

attribute 60% of the variance of frontal asymmetry to individual differences on a stable 

latent trait and 40% of the variance to situation-specific factors (Hagemann et al. 2002). 

Overall, research provides support for the trait nature of frontal EEG asymmetry.  

Further support for the trait-like characteristics of frontal EEG asymmetry 

comes from research on the relationship between frontal brain activity and anger. Whilst 

proponents of the valence hypothesis consider anger as an emotion negative in valence 

(Lazarus 1991; Watson et al. 1990), researchers supporting the approach-withdrawal 

hypothesis categorise anger as an emotional approach tendency (Berkowitz 1999; 

Harmon-Jones and Allen 1998). In particular, the work of Harmon-Jones and colleagues 

(for reviews, see Carver and Harmon-Jones 2009; Harmon-Jones 2004b; Harmon-Jones 

and Gable 2018; Harmon-Jones, Gable, and Peterson 2010) has demonstrated that anger 

(i.e., an approach-related emotion with negative valence) was related to higher levels of 

left frontal EEG activity. Experimental work in this area further substantiated the links 

between state-induced anger and relative left frontal EEG activity (Harmon-Jones 2003, 
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2004a). The findings reviewed below indicate that the approach-withdrawal model is 

not only theoretically robust but also a better fit for experimental or behavioural data. 

2.4 Hemispheric Asymmetry of Approach and Avoidance Motivation 

Approach and avoidance motivation have been linked to a distinct profile of 

hemispheric lateralisation in studies on different behavioural outcomes. Although 

developed as a clinical assessment of spatial neglect, the line bisection task (LBT) is a 

recognised behavioural measure of hemispheric asymmetry (see Jewell and McCourt 

2000 for a review). The task requires participants to estimate the subjective midpoint of 

a number of horizontal lines (Fierro et al. 2001; Picazio et al. 2015). Tendencies 

towards leftward versus rightward bisection errors in indicating the true midpoints are 

thought to reflect perceptual allocation to left versus right visual fields, respectively, and 

neural activity in the contralateral hemisphere (Milner, Brechmann, and Pagliarini 

1992). In spite of some criticism over the reliability of the LBT (Leggett, Thomas, and 

Nicholls 2016), EEG findings support line bisection as an efficient and unobtrusive 

behavioural neuroscientific measure of approach and avoidance motivation (Nash, 

McGregor, and Inzlicht 2010). Overall, motivation has been related to multiple 

outcomes associated with hemispheric asymmetries as measured by lateral perceptual 

errors (Drake and Myers 2006) and EEG activity (Nash, McGregor, and Inzlicht 2010). 

There has been an upsurge of behavioural studies of approach and avoidance 

motivation. Several perceptual and emotional processes reflect similar patterns of 

hemispheric activation. Inspired by Derryberry and Tucker’s (1994) model of 

hemispheric asymmetries in conceptual attentional processing, Friedman and Förster 

(2005a) examined the effects of priming approach and avoidance motivational states in 

a series of experiments. The approach, relative to avoidance, maze engendered greater 

relative right, than left, hemispheric activation. In line with the theorising of Heller 

(e.g., Heller, Koven, and Miller 2003), this pattern of activation was reversed when 

approach and avoidance states were not merely anticipatory but were also emotionally 

arousing. These results have been replicated using enactment of approach and avoidance 

motor actions as a manipulation of implicit affective states (Förster and Friedman 

2008). This indicates a distinction between the constructs of emotional valence and 

motivational orientation (Higgins, Shah, and Friedman 1997). Self-regulation associated 

with cognitive anticipation of positive or negative outcomes and experience of distinct 
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varieties of affective arousal may accompany attempts to approach or avoid such 

outcomes (Higgins 2000). Overall, theorising and research on self-regulation suggest a 

distinction between arousal and anticipation that may lead to approach versus avoidance 

motivational orientations. Emotionally arousing approach motivational cues may 

engage the left lateralised systems in expanding the scope of attentional selection. 

2.5 Individual Differences in Frontal EEG Asymmetry 

Resting measures of frontal EEG asymmetry have been associated with various 

personality traits. Patterns of appetitive (approach) and aversive (withdrawal) 

motivational tendencies (or propensities) are suggested to reflect individual differences 

in frontal EEG asymmetry (e.g., Harmon-Jones and Allen 1997; Sutton and Davidson 

2000). At the core of human functioning are thought to be two fundamental neuro-

biologically-based motivational systems: the Behavioural Approach System (BAS) and 

the Behavioural Inhibition System (BIS). According to Gray’s Reinforcement 

Sensitivity Theory (RST; 1972, 1982, 1987, 1990), the BIS initially inhibits action, 

increases arousal and attention, and eventually drives behaviour towards avoiding or 

withdrawing from an undesirable stimulus. The BAS functions in the opposite manner. 

It responds to incentives and drives behaviour towards attaining a desirable stimulus. 

The BAS relates to approach motivation and stimulates engagement with or movement 

towards a stimulus. The BIS relates to withdrawal motivation and stimulates escape 

behaviour or avoidance of stimulus (Corr 2004; Gray and McNaughton 2000). 

One way to assess the approach-withdrawal model of brain asymmetry is by 

using Carver and White’s (1994) BIS/BAS scales, which are purported to measure 

Gray’s (1972, 1987, 1990) BIS/BAS systems as traits. Several studies have reported 

links between the BIS/BAS and frontal EEG asymmetry. Three of the earliest studies to 

test such relationships have associated self-reported trait approach motivation with 

relative left resting frontal EEG activity (Coan and Allen 2003a; Harmon-Jones and 

Allen 1997; Sutton and Davidson 1997). Of the three studies, one found a positive 

relationship between trait withdrawal motivation and relative right resting frontal EEG 

activity (Sutton and Davidson 1997). Thus, the link between withdrawal motivation and 

the BIS might be more complex than that between approach motivation and the BAS. A 

possible explanation is that withdrawal tendencies are driven by BAS functions in the 
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right PFC (Coan and Allen 2003a; Harmon-Jones and Allen 1997). It is likely that 

Davidson’s approach motivation and Gray’s BAS constructs share considerable overlap. 

Research has provided further support for frontal EEG asymmetry as a 

moderator in predictions of emotional reactions in both infants and adults (for a review, 

see Reznik and Allen 2018). For example, infants with lower relative left frontal activity 

(rLFA) are more likely to cry in response to maternal separation (Davidson and Fox 

1989) and experience social wariness four years later (i.e., an effect that was absent in 

infants with higher rLFA; Henderson, Fox, and Rubin 2001). Similar findings exist in 

the adult literature. Participants with lower rLFA at rest reported higher negative affect 

in response to negative emotional film clips than those with greater rLFA (Tomarken, 

Davidson, and Henriques 1990). Opposite results emerged when participants viewed 

positive emotional film clips (Wheeler, Davidson, and Tomarken 1993). Further, higher 

rLFA predicted experiences of joy, anger, and disgust (Carver and Harmon-Jones 2009; 

Coan and Allen 2003c). In all studies, rLFA was found to moderate the relationship 

between affective stimulus and self-reported affective response. These studies provide 

objective evidence for rLFA as an index of both psychological and neural processes and 

also highlight frontal asymmetry as a predictor, outcome, and moderator variable. 

Further considerations of the frontal asymmetry construct are warranted to broaden 

understanding of the links between psychophysiological and psychological variables. 

2.6 Further Considerations in Frontal EEG Asymmetry Research 

Differences in frontal asymmetry may vary as a function of hand dominance. 

Right-handers tend to associate rightward space with positive concepts controlling 

approach actions. Left-handers usually exhibit the opposite pattern, associating 

rightward space with negative concepts controlling avoidance actions (Casasanto 2009). 

Findings by Casasanto (2009) provide evidence for a functional relationship between 

emotional valence and psychomotor control responsible for approach and avoidance 

actions. Further support is provided for an association between increased right EEG 

activity at rest and negative affect in non-right-handers relative to strong right-handers 

(Propper et al. 2012). However, hand dominance tends to be used differentially for 

actions that differ in motivation but not necessarily in valence (Berkman and Lieberman 

2010; see Harmon-Jones, Gable, and Peterson 2010 for a review). The EEG asymmetry 

of approach motivation is shown to reverse between right- and left-handed individuals 
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depending on the way they typically use their dominant and non-dominant hands to 

perform approach and avoidance actions (Brookshire and Casasanto 2012). The 

laterality of motivation typically observed in consistent right-handers indicates that the 

left hemisphere is specialised for approach motivation. Conversely, the left hemisphere 

is specialised for withdrawal motivation in consistent left-handers.  

Further, frontal asymmetry has been investigated in relation to a variety of 

psychological constructs with findings supporting well researched conceptual 

frameworks such as the valence and approach-withdrawal models (see Spelberg et al. 

2008 for a review). Harmon-Jones and Gable (2018) have argued that frontal 

asymmetry research should consider motivational direction as separate from affective 

valence in conceptual models of emotional space. Research supports this notion by 

showing that high approach-motivated positive affect is associated with greater rLFA 

than low approach-motivated positive affect (Harmon-Jones et al. 2008; Price, 

Hortensius, and Harmon-Jones 2013). However, no models to our knowledge have 

tested frontal EEG asymmetry as a mediator or moderator variable. Moreover, research 

using experimental manipulations of emotion and motivation is scarce (for reviews, see 

Smith et al. 2017; Reznik and Allen 2018). Further methodological considerations have 

been detailed in these reviews relating to methods of recording and analysis. Overall, as 

work in this area is largely correlational in nature, it is impossible to infer causality or 

the precise nature of frontal EEG asymmetry in emotional and motivational processes. 

Beyond methodological considerations, recent research has focused primarily on 

frontal EEG asymmetry as a marker of affective processing and psychopathology. Low 

rLFA has been shown to predict anxiety (Mathersul et al. 2008) and depression 

symptoms (Nelson et al. 2018; Nusslock et al. 2011; but see Blackhart, Minnix, and 

Kline 2006). In contrast, high rLFA has been related to positive symptoms of 

schizophrenia (Jetha, Schmidt, and Goldberg 2009). While many studies have found 

that rLFA is a predictor of psychopathology (for a review, see Reznik and Allen 2018), 

links between frontal EEG asymmetry and positive psychological phenomena are rare. 

Specifically, the status of well-being research is at a point where it is dominated by 

thirty years of research on various psychopathological disorders such as depression, 

anxiety, and schizophrenia (see Goodman, Doorley, and Kashdan 2018 for a review). In 

addition to providing a novel unifying perspective on the asymmetry literature, the 
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present thesis highlights the importance of carefully delineating concepts of well-being 

in studies linking behavioural and motivational tendencies to frontal EEG asymmetry. 

Notable progress has been made in understanding hedonic and eudaimonic brain 

mechanisms. Evidence supports the claim that a generalised approach motivational 

system that is associated with greater left, than right, prefrontal brain activation triggers 

the experience of well-being. The following section outlines hedonic and eudaimonic 

conceptions of well-being and examines possible factors that predict hedonic states of 

pleasure and eudaimonic assessments of meaningfulness. It is hoped that understanding 

the psychological and neurological correlates of well-being could help scientists find 

ways to create a balanced state of positive functioning that approaches true happiness. 

3. Positive Psychology and the Development of Well-Being 

Achieving optimal psychological wellness has been a focal topic of 

philosophical enquiry. Philosophers have argued over the nature of well-being since 

Ancient Greece. Philosophical definitions are typically brief and coherent (e.g., how 

well someone’s life is going for them; Crisp 2008) but may lack scientific precision. 

Popular use of the term ‘well-being’ usually refers to a person’s overall state of health. 

In psychology its use is broader, but related, and amounts to optimal human functioning 

and experience (Ryan and Deci 2001). Despite recent progress in the study of well-

being, psychological research over the past 50 years has focused almost exclusively on 

psychopathology (Seligman and Csikszentmihalyi 2000). Founded by Seligman in 

1999, positive psychology is the scientific pursuit of optimal human functioning and the 

development of a discipline focusing on human strengths and virtues. This positive 

psychology movement builds on mainstream science that sheds light on the ‘dark side’ 

of human functioning and provides opportunities for understanding the positive aspects 

of human functioning. Areas of investigation include positive experiences (e.g., flow), 

positive emotions (e.g., happiness, satisfaction), positive strengths (e.g., courage, 

wisdom, virtue), positive expectations (e.g., hope, optimism), positive coping (e.g., 

resilience, post-traumatic growth), and well-being (e.g., hedonia, eudaimonia). 

3.1 Hedonic and Eudaimonic Conceptions of Well-Being 

The pursuit of happiness and well-being originates from the two opposing 

theoretical perspectives of hedonism and eudaimonism dating back to ancient Greek 
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philosophers. Much of the research in positive psychology distinguishes between 

hedonic and eudaimonic approaches to well-being (e.g., Kahneman, Diener, Schwarz 

1999; Keyes, Shmotkin, and Ryff 2002, Ryan and Deci 2001, 2008; Waterman 1993). 

To date, the hedonic approach has received the main focus of investigation in positive 

psychology. Hedonic well-being (or hedonia) has been conceptualised as ‘the study of 

what makes experiences and life pleasant and unpleasant’, focusing primarily on the 

preferences and pleasures of the mind and the body (Kahneman, Diener, Schwarz 1999: 

ix). As noted by Ryan and Deci (2001: 144), proponents of hedonism describe well-

being as comprising ‘subjective happiness’ and the ‘experience of pleasure versus 

displeasure’, including ‘all judgments about the good/bad elements of life’. The primary 

aim of hedonic psychologists is to find ways to maximise happiness (Lyubomirsky 

2001; Myers 2000). Much of the work in this area has used an assessment called 

subjective well-being (SWB). SWB has been defined as an individual’s cognitive and 

emotional evaluations of life as a whole and has been suggested to include the three 

core elements of life satisfaction, the presence of positive affect, and the absence of 

negative affect (Diener 1984, 2009; Diener and Lucas 1999; Diener et al. 1999). 

Although hedonic well-being has been of intense interest throughout human history, it is 

essential to understand other types of well-being in order to progress this area of study. 

A second approach to well-being is eudaimonic well-being (or eudaimonia). 

Origins of the eudaimonic tradition can be traced back to classical Hellenic philosophy 

where it received particular attention in Aristotle’s works ‘Nicomachean Ethics’ 

(Aristotle, 4th Century BCE, Irwin 1985). Like hedonia, the traditional conception of 

eudaimonia is happiness. Aristotle rejected the notion of happiness as a subjective 

experience of pleasure and theorised that true happiness could be achieved by living a 

life of contemplation and virtue (Ackrill 1973). Eudaimonic psychologists distinguish 

well-being from happiness and describe eudaimonia as the achievement or realisation of 

one’s true potential or ‘daemon’ (Ryan and Deci 2001; Ryff and Singer 2008; 

Waterman 1993, 2008). Thus, eudaimonia is an objective process rather than a 

subjective condition that could be attained by pursuing meaning in life and fulfilment of 

one’s true potentials (see Ryan, Huta, and Deci 2008 for a review). A widely recognised 

theory-driven approach to eudaimonic well-being in psychology is Ryff’s (1985, 1995) 

notion of psychological well-being (PWB). The model posits that eudaimonia comprises 
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six underlying components of well-being. These include autonomy, environmental 

mastery, personal growth, positive relations with others, purpose in life, and self-

acceptance. Taken together, the six dimensions of eudaimonic well-being represent ‘the 

striving for perfection’ towards ‘the realization of one’s true potential’ (Ryff 1995: 

100). While no consensual definition of hedonia and eudaimonia exist, both approaches 

have been considered as ways of living and, more globally, as well-being types. 

A popular measure of hedonic well-being is SWB (Diener and Lucas 1999; 

Diener et al. 1999). The focus of assessment was initially placed on the affective 

component of hedonia through the PANAS (Watson, Clark, and Tellegen 1988). Work 

in this tradition, however, tends to evaluate only the cognitive component through the 

Satisfaction with Life Scale (SWLS; Diener et al. 1985; Pavot and Diener 2008). 

Although life satisfaction could be integral to hedonic well-being, it has been criticised 

for capturing essential eudaimonic elements and thus being the less representative of 

hedonic experience (Deci and Ryan 2008). In relevant work on happiness and 

eudaimonia, Telfer (1980) noted that the former has a clearly hedonistic aspect, whilst 

the latter includes a sense of life satisfaction, personal growth, and flourishing. The 

nature of eudaimonia is not concerned with feelings per se but the activities that lead to 

such feelings (Ryan, Huta, and Deci 2008). People tend to report higher life satisfaction 

when they are engaged in meaningful pursuits and activities (Kashdan, Biswas-Diener, 

and King 2008). In that study, the authors expressed ambiguity surrounding the 

philosophical distinction between hedonia and eudaimonia and criticised eudaimonic 

approaches for lacking scientific rigour in psychology (see Henderson and Knight 2012 

for a review). Waterman (2008) was the first to oppose Kashdan et al.’s (2008) critique 

of eudaimonic approaches, arguing that hedonia and eudaimonia are interrelated but 

reliably distinguishable and quantitatively distinct types of well-being. The present 

thesis supports Waterman’s (2008) view of eudaimonia as a core component of well-

being and suggests that a combined investigation of hedonic and eudaimonic 

approaches can contribute to a more comprehensive understanding of well-being. 

3.2 Achievement Goals as Predictors of Well-Being 

There are numerous factors that can influence well-being. Motivation is an 

emerging topic in well-being research. Hedonic theories of well-being highlight the role 

of motivation in determining positive and negative affective experiences. Eudaimonic 
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approaches highlight the importance of motivation in the pursuit of meaning in life. The 

distinction between approach and avoidance goals is crucial in the study of hedonic and 

eudaimonic well-being. The pursuit of approach over avoidance goals has positive 

implications for affective experiences and meaning in life (Tamir and Diener 2008). 

Social cognitive theories of motivation provide a basis for understanding the role that 

approach and avoidance motivational valences play in facilitating the psychological 

well-being of students. Thus, AGT can explain how individuals interpret and react to 

achievement situations which, in turn, influence different patterns of well-being. 

Goal orientations are associated with well-being in achievement situations. 

Mastery-approach goals have been shown to predict positive outcomes and adaptive 

patterns of behaviour. Positive links have been found with interest (Harackiewicz et al. 

2000; Wolters 2004), challenge appraisal (McGregor and Elliot 2002), enjoyment 

(Daniels et al. 2009; Pekrun, Elliot, and Maier 2009), deep cognitive strategies (Vrugt 

and Oort 2008), self-esteem (Adie, Duda, and Ntoumanis 2008; Tuominen-Soini, 

Salmela-Aro, and Niemivirta), and positive affect (Adie, Duda, and Ntoumanis 2008, 

2010; Pekrun, Elliot, and Maier 2009). Findings on the link between performance-

approach goals and affect are mixed. Several studies have yielded positive associations 

with pleasant emotions (e.g., Pekrun, Elliot, and Maier 2009), whilst others have shown 

negative associations with anxiety and stress (Daniels et al. 2009; McGregor and Elliot 

2002; Niemivirta 2002). There has been less research examining mastery-avoidance 

goals due to typically weak or non-significant relationships with achievement outcomes 

(for reviews, see Hulleman et al. 2010; Moller and Elliot 2006). Overall, the results 

indicate a negative pattern of association with adverse outcomes such as negative affect 

and anxiety (Sideridis 2008), worry (Elliot and McGregor 2001), fear of failure (Elliot 

and Murayama 2008; Sideridis 2008), and poor performance (Van Yperen, Elliot, and 

Anseel 2009). Likewise, performance-avoidance goals have been related to negative 

affect and threat appraisal (Adie, Duda, and Ntoumanis 2008), low positive affect (Adie, 

Duda, and Ntoumanis 2008), self-handicapping (Midgley and Urdan 2001), low help-

seeking (Roussel, Elliot, and Feltman 2011), depressive symptoms, emotional fatigue, 

stress, and low self-esteem (Tuominen-Soini, Salmela-Aro, and Niemivirta 2008).  

Evidence for the link between achievement goals and well-being comes from 

research that accounts for variability in the emotional functioning of individuals 
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involved in achievement contexts (for reviews, see Huang 2011; Moller and Elliot 2006; 

Van Yperen, Blaga, and Postmes 2014). This supposition has received much support in 

educational settings (e.g., Pekrun, Elliot, and Maier 2009; Pintrich 2000b). However, 

research on achievement goals and eudaimonic well-being is limited. In one study, task 

or mastery goals were related to positive psychological well-being (e.g., positive peer 

relationships), whereas ego or performance goals were related to negative psychological 

well-being (e.g., impulse control) in students (Kaplan and Maehr 1999). The findings in 

question are also limited to goals captured in the dichotomous goal framework (e.g., 

Dweck 1986; Maehr 1984; Nicholls 1984). Recently, indicators of psychological well-

being such as self-esteem (Adie, Duda, and Ntoumanis 2008, 2010), moral identity 

(Sage and Kavussanu 2010), and gains in personal, social, and cognitive development 

(Chen and Lu 2015), have been positively linked with approach and particularly 

mastery-approach goals compared to avoidance and particularly performance-avoidance 

goals. Further, Akin and Arslan (2014) showed that mastery-approach goals were the 

only positive predictor of grit, whereas mastery-avoidance and both performance goal 

types were negative predictors of grit. Despite recent attempts to clarify links with 

subjective well-being, little is known about the role of the 2x2 AGT model in predicting 

indices of eudaimonic well-being. Further, no experimental work has manipulated 

situational goal involvement to investigate effects on well-being in general contexts. 

3.3 Bio-Behavioural Predictors of Motivation and Well-Being 

The role of achievement goals should be further investigated in models of 

personality in order to understand possible factors that influence well-being. The links 

between individual differences and temperamental tendencies with goal adoption have 

long been recognised (Ames and Archer 1988; Elliot and Thrash 2002; McCabe et al. 

2013; see Urdan and Schoenfelder 2006 for a review). However, it has been argued that 

students’ perceptions of the learning environment vary depending on differences in their 

motivational tendencies rather than goal adoption (Tapola and Niemivirta 2008). There 

has been an upsurge of recent evidence showing links between dispositional BIS/BAS 

tendencies and achievement goals (Bjørnebekk 2007, 2009; Bjørnebekk and Diseth 

2010; Elliot and McGregor 2001; Elliot and Thrash 2002; Tanaka and Yamauchi 2004; 

Thrash and Elliot 2001). The BAS has been found to be a positive predictor of mastery-

approach and performance-approach goals, whilst the BIS positively predicts 
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performance-avoidance goals (e.g., Bjørnebekk 2007; Bjørnebekk and Diseth 2010). 

Dispositional, and in particular bio-psychological approaches to personality, have 

typically been discussed in isolation from social-cognitive, goal-based approaches. 

Whilst work on the BIS/BAS is fundamentally integral to the study of emotion, 

cognition, and behaviour, the compatibility of these previously independent approaches 

can provide a basis for predicting positive psychological and emotional processes.  

Research integrating the BIS and BAS with the study of emotion, personality, 

and psychopathology is abundant (Corr 2008). However, scant work has examined how 

the BIS and BAS constructs relate to goal orientations and trait indices of well-being in 

a single model. Generally, individuals high in BAS sensitivity tend to experience more 

positive affects (e.g., happiness) to rewards, whereas those high in BIS sensitivity 

typically experience more negative affects (e.g., anxiety) to aversive stimuli (Carver and 

White 1994; Erdle and Rushton 2010; Gable, Reis, and Elliot 2000; Updegraff, Gable, 

and Taylor 2004). Further, individuals low in BAS sensitivity are more prone to 

depression and more likely to exhibit low-trait positive affect and high-trait negative 

affect (Harmon-Jones and Allen 1997). Less research has explored the association of the 

BIS and BAS with eudaimonic well-being. BAS reward responsiveness has been linked 

with better psychological well-being and affect regulation (Taubitz, Pedersen, and 

Larson 2015). Achievement goal orientations are viewed as cognitive channels for the 

expression of dispositional approach and avoidance behaviours (Elliot and Thrash 

2002). Thus, they add a flexible and strategic element to human behavioural regulation 

that may provide new insights into the neural mechanisms of well-being. 

3.4 Neural Correlates of Hedonic and Eudaimonic Well-Being 

Although psychological research on well-being is abundant, neuroscientific 

evidence is scant and largely restricted to links with hedonic well-being. One theory 

asserts that a system of ‘give’ and ‘take’ between different regions of the brain yields 

feelings of pleasure that cumulatively facilitate experiences of eudaimonic well-being 

(Kringelbach and Berridge 2009, 2010, 2011, 2017). Initial work indicates the role of 

the frontal cortex in well-being. Findings based on models of frontal brain asymmetry 

suggest that relative left frontal EEG activity is related to approach motivation and 

positive affect, whereas relative right frontal EEG activity is related to avoidance 
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motivation and negative affect (for reviews, see Allen et al. 2018; Demaree et al. 2005; 

Harmon-Jones and Gable 2018; Kelley et al. 2017; Reznik and Allen 2018). 

To date, the first and only study that directly investigated the neural correlates of 

hedonic and eudaimonic well-being found that greater left, than right, superior frontal 

EEG activation was associated with higher levels of both well-being types in older 

adults (Urry et al. 2004). Earlier work focused on the role of affect in explaining the 

right-left distinction (e.g., Harmon-Jones and Allen 1997; Sutton and Davidson 1997). 

Therefore, if positive affect has a role in predicting well-being, the relationship between 

frontal asymmetry and well-being should in part be accounted for by approach-related 

positive affect. It was found that left frontal activation predicted eudaimonic but not 

hedonic well-being when variation in dispositional positive affect was statistically 

controlled for. This supports previous findings suggesting that left- and right-sided 

prefrontal asymmetry reflect motivational direction (approach vs. withdrawal 

respectively) irrespective of associated affect (e.g., Harmon-Jones 2003). It was 

concluded that individual differences in anterior brain asymmetry depend on goal-

directed approach tendencies that are characterised by higher left, than right, baseline 

levels of superior frontal activation. The findings also yield the important role of frontal 

EEG asymmetry for eudaimonic well-being. In spite of some encouraging findings on 

the neural correlates of hedonic and eudaimonic well-being (e.g., Davidson 2004a; 

Lewis et al. 2013; Urry et al. 2004), further research is required to test these effects fully 

and further examine links with the BIS/BAS and achievement goal types. 

Following up initial work on frontal brain asymmetry and well-being, 

physiological activity in the left frontal cortex has been associated with several traits of 

positive psychology. Findings show links with quality of life (Takeuchi et al. 2014) as 

well as positive attitude, high self-esteem, and optimism (Hecht 2013). Although not 

exclusively limited to the left hemisphere, involvement of anterior brain regions and 

structures has been reported both for hedonic (e.g., happiness; Kong et al. 2015; Luo et 

al. 2014) and eudaimonic (e.g., Heller et al. 2013; van Reekum et al. 2007) well-being. 

Preliminary findings indicate that individuals with higher eudaimonic well-being had 

lower levels of daily saliva, pro-inflammatory cytokines, cardiovascular risk, and longer 

duration REM sleep (Ryff, Singer, and Love 2004). A resilient affective style has also 

been associated with left PFC activation, modulation of amygdala reactivity, resilience 



31 

 

 

in the face of adversity, lower levels of basal cortisol, and improved immune responses 

against influenza vaccines (Davidson 2004a). Further, van Reekum et al. (2007) found 

that higher eudaimonic well-being was associated with faster judgements of negative 

information and increased ventromedial PFC and amygdala activity. Functional studies 

have reported a correlation between amygdala activity and happiness (Cunningham and 

Kirkland 2014). Individuals with sustained activity in reward circuitry (e.g., ventral 

stratum) and dorsolateral PFC activity in response to positive stimuli reported higher 

eudaimonic well-being and had lower cortisol output (Heller et al. 2013). Findings have 

also linked right precuneus (Sato et al. 2015) and hippocampal (Van’t Ent et al. 2017) 

volumes with subjective well-being and insular grey matter volume with general 

psychological well-being (Lewis et al. 2013). Notable progress has been made in 

understanding the neurological and biological characteristics of well-being. 

4. The Role of Motivation and Emotion in Cognitive Functioning 

It is widely recognised that neuroscientific evidence plays a crucial role in 

understanding the motivational influences on well-being. Neuroscience is key to 

understanding interactions between motivation, cognition, and emotion (see Botvinick 

and Braver 2015 for a review). Motivation and emotion are considered as closely related 

processes that involve both shared and distinct brain regions. There are, however, some 

controversies surrounding the nature of their impact on cognition. Some authors argue 

for the joint influence of these constructs, whilst others clearly distinguish between the 

two (Chiew and Braver 2011). Given the state of current evidence, further clarification 

is required. A central feature of the present thesis is its integrative nature. Thus far this 

thesis provides a good foundation for triangulating motivational, psychophysiological, 

and well-being variables. The following section aims to add further support to this 

triangulation model by examining the impact of achievement motivation on a range of 

cognitive processes. Emotional valence is considered an emergent outcome of goal-

driven cognition and neural activity. Human nature is uniquely characterised by the 

flexibility and complexity of interactions whereby cognitive and behavioural processes 

operate to serve higher order goals. Motivation and emotion are intricately related to 

cognitive processing. The scope of these effects is extensive and the breadth of work 

spans motivational and emotional influences across all cognitive domains. This provides 

an opportunity for computational psychologists to extend existing cognitive models and 
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incorporate insights about the nature of motivation and emotion. One way to explicate 

the motivation-emotion-cognition interactions is through the Cognitive Information 

Processing theory (CIP; Broadbent 1958). CIP is a generic term used to describe all 

theoretical perspectives that focus on cognitive processes such as attention, perception, 

problem solving, learning, and memory. CIP theory asserts that human behaviour is 

goal-directed as a result of complex information processing and interpretation. 

4.1 Human Attentional Networks 

The notion that cognition involves neural computation may explain attention. 

Attention is conceived as a complex multilevel cognitive process of linked neural 

networks that function in selecting, orienting, and sustaining the focus of attention on 

certain stimuli (Fan, Raz, and Posner 2003; Peterson and Posner 2012; Posner and 

Rothbart 2007). The three attentional networks of alerting, orienting, and executive 

control have been proposed to function at both cognitive and neuroanatomical levels. 

The alerting network achieves and maintains a state of high sensitivity to incoming 

stimuli. Alertness comprises of two different modes of function. Tonic alertness (i.e., 

sustained attention or vigilance) is the internal control of wakefulness. Phasic alertness 

represents the rapid mobilisation of resources evoked by exogenous stimuli. The 

orienting network controls attention in selecting information from external sensory 

output. The executive network is known as the command and control centre of attention 

and involves a mechanism for detecting and resolving conflicts among mental processes 

(Fan et al. 2002; Rueda, Posner, and Rothbart 2011). Executive control operates in 

higher level mental processes including selective attention, planning, reasoning, 

decision making, problem solving, and error detection. A more detailed description of 

these attentional networks is provided by Posner and Dehaene (2000). Attention is a 

complex multidimensional cognitive process and it is, therefore, important to consider 

all aspects of attention in order to improve cognitive information processing. 

The functioning and independence of attentional networks have been widely 

tested with the Attention Network Test (ANT). The ANT is a cognitive measure of the 

efficacy of the three attentional networks within a single experimental task (Fan et al. 

2002). The test was devised as an amalgam of a cued reaction time task (Posner 1980) 

and a flanker task (Eriksen and Eriksen 1974). The cueing component was developed to 

evaluate the ability to perform an attentional shift by varying measures of alerting and 
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orienting. The flanker component was designed to measure conflict resolution as a 

function of the executive control network. Subsequent versions of the test (e.g., see 

Callejas, Lupiáñez, and Tudela 2004) have included an audio tone (Attention Network 

Test for Interactions; ANTI). The ANTI consists of a row of five horizontal arrows (the 

stimulus) that appear for 200 milliseconds in the centre of the screen. The participant’s 

task is to report the direction (left or right) of the central arrow (the target). The target is 

flanked by two arrows on each side (flankers) pointing either to the same direction as 

the central target (i.e., congruent condition) or to the opposite direction (i.e., 

incongruent condition). Reaction times to congruent and incongruent conditions provide 

a measure of selective attention. Figure 3 illustrates the experimental procedure of the 

ANTI used in Callejas et al. (2005). Recently, Roca et al. (2011) added a direct measure 

of vigilance to the ANTI and called this version of the test the Attention Network Test 

for Interactions and Vigilance (ANTI-V). The efficacy of the ANT is unquestionable 

given the robust empirical evidence for the independence of the three attentional 

networks. Further investigation is required into the factors that influence attention. 

 

Figure 3. Experimental procedure of the ANT-I (Callejas et al. 2005). An example of 

the procedure: An auditory tone is presented, followed by a cue, and a target (central 

arrow) flanked by congruent arrows. RT = reaction time, FP = foreperiod. 

Some materials have been removed due to 3rd party copyright. The unabridged 
version can be viewed in Lancester Library - Coventry University.
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4.2 The Effects of Achievement Goals on Attentional Networks 

The ANT, ANTI, and ANTI-V tasks have all been successfully applied to the 

analysis of attentional functioning in research spanning multiple contexts, such as child 

development studies (e.g., ANT; Rueda et al. 2004; Rueda, Posner, and Rothbart 2005), 

mindfulness (e.g. ANT; van den Hurk et al. 2010), drivers’ performance (e.g., ANTI-V; 

Roca et al. 2013), and sleep deprivation (e.g., ANTI-V; Roca et al. 2012). However, a 

research area that has yet to breech the study of attentional networks is achievement 

motivation. The focal point of research on attention has been placed on manipulations 

of approach and avoidance motivational cues. Motivational cues are cue-specific 

reactions that reflect approach and avoidance states. Very few studies exist that have 

associated approach and avoidance cues with attention variables. The majority of these 

studies have used a maze task to manipulate motivation. The task requires participants 

to guide a mouse through a labyrinth to either find a cheese at the end of the maze (i.e., 

approach condition) or escape from an owl hoovering above the maze (i.e., avoidance 

condition). The cheese and owl maze task is thought to activate semantic and procedural 

mental representations associated with approach and avoidance motivation. 

Studies have emerged that link approach and avoidance motivation to attention 

but work on mastery and performance dimensions is only just beginning. A study using 

the maze manipulation found that approach, relative to avoidance, cues improved 

attentional flexibility measured by the Stroop task (Friedman and Förster 2005b). The 

Stroop effect (Stroop 1935) is a recognised indicator of selective attention and task 

performance was significantly better in the approach condition compared to that in the 

avoidance condition. Further work, however, has provided opposite results (Hengstler et 

al. 2014; Koch, Holland, and van Knippenberg 2008). Several studies have found that 

enactment of approach behaviour improves selective attention (Förster et al. 2006) and 

attentional orienting (Memmert and Caňal-Bruland 2009). Avoidance motivation may 

improve shifts in attention to frequent or predictable stimuli, whereas approach 

motivation may facilitate responses to rare or unexpected stimuli (Calcott and Berkman 

2014). Thus, it is essential to consider the role of context and situation when examining 

associations between motivation and attention. Whilst classroom studies represent a first 

step in incorporating motivational effects in attention models (e.g., see Sage, Stanley, 

and Krastev in preparation), controlled experiments have yet to explicate these effects. 
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Motivation theory has more complex models than pure distinctions between approach 

and avoidance states. There is scope to expand this line of investigation by drawing 

from the 2x2 AGT model to incorporate mastery and performance dimensions of 

motivation in attention and, more broadly, provide links with other cognitive variables. 

4.3 Human Problem Solving 

One of the fundamental human cognitive processes is problem solving. It is a 

higher-layer mental process directed at achieving a goal when no solution method is 

available (Mayer 2013). The major cognitive processes in problem solving are 

representing, planning, searching, analysing, and monitoring. Analysis of problem-

solving strategies can also be provided from a CIP perspective using the standard theory 

of problem solving (Newell, Shaw, and Simon 1958). This original framework was 

eventually updated to a general theory of problem solving (Newell and Simon 1972). 

The general theory is based on a production system that describes the strategies (i.e., the 

content of the production rules) and mental representations (i.e., the content of working 

memory) at different stages in planning and problem solving. This theorising has been 

applied to a number of problem-solving paradigms. Overall, there has been growing 

evidence for the benefits of problem solving. However, there are several important 

aspects of its application and assessment that require further investigation. 

One of the best known problem-solving tasks in cognitive psychology is the 

Tower of Hanoi (ToH) task (Simon 1975). The ToH is a classic logical puzzle or game 

invented in 1883 by the French mathematician Edouard Lucas. The task consists of 

three vertical rods (or pegs) of equal height and a number of discs of varying size 

(typically between three and five) that can slide onto any rod. The aim of this puzzle is 

to move all the discs from the leftmost rod (initial state) to the rightmost rod (goal state) 

under the following constraints: (1) one disc must be moved at a time, (2) a larger disc 

must not be placed atop of a smaller one, and (3) all discs, except the one being moved, 

must be on a rod (see Figure 4). Much of the post-70s research on the ToH has focused 

on the acquisition of problem-solving strategies (Anzai and Simon 1979; Simon 1975), 

factors that make strategy selection harder (Kotovsky, Hayes, and Simon 1985), and the 

role of problem representation in the transfer of skills (Kotovsky and Fallside 1989). 

Several other issues have been addressed that could affect the adoption of different 

solution strategies (Fum and Del Missier 2001). As problem solving is a goal-directed 
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cognitive process, the adoption of specific motivation types may influence the 

implementation of solution strategies across achievement contexts. 

 

 

 

Figure 4. The 4-disc version of the Tower of Hanoi (ToH) task. (A) Onset (initial state). 

(B) Offset (goal state). 

 

4.4 The Effects of Achievement Goals on Problem Solving 

Research examining achievement goals and problem solving is rare. The 

primary focus of investigation has been directed to the effects of approach and 

avoidance motivational cues on attentional scope and creative problem solving. For 

example, Friedman and Förster (2000) found that approach (i.e., arm flexion), relative 

to avoidance (i.e., arm extension), motor actions facilitated creative insight but impaired 

analytical reasoning. Findings from the arm contraction manipulation revealed that 

approach (cf., avoidance) cues broadened the scope of conceptual attention (Friedman 

and Förster 2002). This effect was mediated by activation of a memory search-based 

mechanism that is thought to facilitate the generation of creative solutions. Colour 

exposure has also been manipulated to elicit approach or avoidance states (Elliot et al. 

2007). In that study, red colour (associated with avoidance motivation) constricted 
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attentional scope and thereby impaired single-solution anagram performance. Several 

experiments using the cheese and owl manipulations found that the approach, relative to 

the avoidance, maze expanded the scope of representational attention to generate novel 

and less accessible solutions (Friedman and Förster 2001; Friedman and Förster 2005a, 

Experiment 4; Förster et al. 2006, Experiment 3). A review of relevant studies is 

provided by Friedman and Förster (2010) but further work is required to incorporate the 

mastery and performance aspects of motivation within the study of problem solving. 

Several studies have reported links between mastery and performance goals and 

problem solving. Findings showed that students in a mastery goal condition pursued 

more challenging tasks, experienced higher positive affect, and had better problem-

solving strategies than those in a performance goal condition (Elliot and Dweck 1988). 

Similarly, Bereby-Meyer and Kaplan (2005) found that mastery goal priming allowed 

for more effective transfer of problem-solving strategies between analogous tasks 

compared to performance goal priming. Specifically, performance-avoidance goals were 

shown to inhibit problem-solving performance compared to performance-approach and 

mastery goals (Bjørnebekk, Gjesme, and Ulriksen 2011; Elliot and Harackiewicz 1996; 

Elliot et al. 2005). The majority of research, however, has adopted dichotomous (e.g., 

Dweck 1986) and trichotomous (e.g., Elliot and Harackiewicz 1996) variations of AGT 

and has largely ignored manipulations of the 2x2 achievement goals. It appears that 

mastery-approach goals are the most adaptive goal orientation. To corroborate the 

findings with cognitive variables and provide greater insight into the motivation-

emotion-cognition interactions, it is also important to investigate the role of 

achievement goals and emotional valence in information-processing models of memory. 

4.5 The Effects of Achievement Goals and Emotional Valence on Memory 

Learning is a fundamental element in human functioning and closer 

examinations of the memory mechanisms underlying learning are necessary. Memory is 

a three-stage cognitive system for encoding, storing, and retrieving information (Melton 

1963). Encoding is the initial learning of information. Storage refers to maintaining 

information over time. Retrieval is the process of re-accessing information stored in the 

long-term memory. Different achievement goals facilitate different learning processes. 

Recent research has focused on how achievement goals influence the memory encoding 

process. Mastery-approach goals may facilitate deep-level processing, whilst 
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performance-approach goals may facilitate surface-level processing (e.g., Crouzevialle 

and Butera 2013; Elliot, McGregor, and Gable 1999; Murayama and Elliot 2011). This 

pattern of findings was also observed in research on working memory (Avery and 

Smillie 2013). However, evidence for the impact of achievement goals on retrieval 

dynamics is sparse. In spite of some inconsistency in findings (e.g., Barker, McInerney, 

and Dowson 2002), mastery-approach goals have been shown to eliminate retrieval-

induced forgetting (Ikeda, Castel, and Murayama 2015) and improve memory recall 

(Escribe and Huet 2005; Graham and Golan 1991). In summary, motivation enhances 

memory but links with other factors such as emotion require further investigation.  

Experimental work in memory involves manipulations of emotion whereby 

subjective emotional states are induced through direct exposure to affectively charged 

stimuli. Overall, research suggests that emotional items are remembered better than 

non-emotional or neutral items. This phenomenon is known as emotional memory 

advantage (EMA). The EMA has been observed for words (e.g., Adelman and Estes 

2013; Gomes, Brainerd, and Stein 2013; Maddock and Frein 2009; Siddiqui and 

Unsworth 2011), pictures (e.g., Humphreys, Underwood, and Chapman 2010), and 

sounds (e.g., Bradley and Lang 2000). However, indications of an emotional valence 

effect remain unclear. Some studies have found better recall for negatively valenced 

words in younger participants (see Kensinger and Corkin 2003). Others have reported 

higher recall for positively valenced, non-arousing words in older adults (Kensinger 

2008). This ‘positivity effect’ is thought to reflect age-related changes in well-being that 

alter the processing of non-arousing information (e.g., see Mather and Carstensen 

2005). The precise mechanisms underlying emotional stimulus processing have yet to 

be fully tested. It is likely that complex cognitive and neural processes interact to 

facilitate the processing of emotional information. A first step in investigating this 

proposal is to explore the neural correlates and stages of emotional stimulus processing. 

4.6 ERPs of Emotional Processing: First Links to Achievement Goals 

Research on emotions has received a recent upsurge of interest from cognitive 

neuroscientists arguing that emotions modulate virtually all aspects of cognition. The 

neural mechanisms underlying emotion have received particular attention in brain 

imaging research. The weight of evidence has come from studies using event-related 

potentials (ERPs). ERPs represent the time course of dynamic neural activity involved 
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in processing and encoding of emotional stimuli (see Dolcos and Denkova 2008 for a 

review). When plotted, the interplay between valence and arousal ratings of affective 

words takes on a U-shaped curve (Lang, Bradley, and Cuthbert 1998). Neuroimaging 

studies (e.g., Cunningham, Raye, and Johnson 2004; Lewis et al. 2007; Winston, 

O’Doherty, and Dolan 2003) have proposed a unidimensional U-shaped model in which 

valence increases from neutral to positive or negative. This U-shaped model of valence 

should not be confused with the arousal dimension. The former depicts the extent of 

pleasantness/unpleasantness, whereas the latter describes intensity of a stimulus. Thus, 

previous ERP studies (e.g., Kissler et al. 2007, 2009; Zhang 2014) have used positive 

and negative words with similar but higher arousal ratings than those of neutral words. 

Various stages of emotional processing are associated with amplitude 

modulation of electrocortical activity that is time-locked to specific stimulus events. An 

ERP component is ‘one of the component waves of the more complex ERP waveform’ 

(Woodman 2010: 2034). Directing attention to the location of a stimulus typically 

results in an amplitude enhancement of the P1 and N1 components with little or no 

change in component latencies or scalp distributions (Hillyard and Anllo-Vento 1998). 

The P1 and N1 components reflect perceptual processes modulated by physical stimulus 

attributes but not by cognitive processes (for a review, see Herrmann and Knight 2001). 

Increased P1 and N1 amplitudes have been observed around 100 ms post stimulus onset 

over the posterior sites in response to negative words (e.g., Carretié et al. 2001; Li, 

Zinbarg, and Paller 2007; Scott et al. 2009; van Hoof et al. 2008). Another early visual 

component is the early posterior negativity (EPN) which occurs 200-300 ms post 

stimulus onset at parieto-temporal and occipito-temporal locations in response to 

emotional compared to neutral stimuli (e.g., Herbert, Junghöfer, and Kissler 2008; 

Kissler et al. 2007, 2009; Schacht and Sommer 2009a, 2009b; Scott et al. 2009). 

Recent advancements in ERP research provide further support for later 

processing stages. A late positive complex (LPC or P3) beginning around 300-600 ms 

post stimulus offset has also been reported at centro-parietal sites in participants 

viewing emotional words (e.g., Fischler and Bradley 2006; Frühholz, Jellinghaus, and 

Herrmann 2011; Herbert et al. 2006). The LPC reflects a more elaborate processing 

stage associated with attentional capture, emotional evaluation, and memory encoding 

(e.g., Bayer, Sommer, and Schacht 2012; Herbert et al. 2008; Palazova et al. 2011). 
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Several authors (e.g., Cuthbert et al. 2000; Delplanque et al. 2006; Herbert et al. 2006, 

2008; Schapkin, Gusev, and Kuhl 2000) have found larger LPC/P3a/P3b amplitudes 

evoked by positive compared to negative or neutral words. This ‘positivity offset’ effect 

indicates that the LPC can discriminate emotional stimuli owing to their motivational 

significance. The LPC has been shown to extend 500-800 ms (Dolcos and Cabeza 2002) 

and 800-1000 ms (Hajack and Olvet 2008) from the emotional stimulus offset. A recent 

review of ERP evidence for emotional word processing is provided by Citron (2012). 

ERP data have been important in determining the time course of emotional stimulus 

processing in humans and its modulation by spatial attention and cognitive processing. 

There has recently been a growing interest in experimental ERP studies 

investigating the effects of achievement goals on neural correlates of error monitoring 

(see Tricomi and DePasque 2017 for a review). The first ERP experiment to examine 

the direct effects of an achievement goal manipulation on feedback-based learning was 

conducted by Mangels et al. (2017). It was found that achievement goals modulated 

neurocognitive responses to corrective feedback. In the mastery goal condition, 

successful learning modulated fronto-temporal activity related to semantic processing. 

In the performance goal condition, it modulated parieto-occipital activity related to 

perceptual processing. Predictions were drawn from an earlier study by Mangels et al. 

(2006) in which students who believed intelligence was an incremental entity were more 

likely to exhibit stronger mastery goal orientations. In contrast, those who considered 

intelligence as a fixed entity tended to emphasise stronger performance goal 

orientations. They exhibited less sustained memory-related activity associated with 

increased anterior P3a waveform to negative feedback. Overall, ERP research indicates 

that mastery-approach goal involvement may not only motivate better learning 

strategies but also modulate neurocognitive responses to emotionally valenced stimuli. 

5. The Present Line of Research 

5.1 Limitations of the Research Literature 

Advancements in psychology have typically taken place in separate lines of 

research that have tended to generate independent bodies of knowledge. It has been 

increasingly recognised that the current status of psychology is fragmented and subject 

to transient research interests rather than cumulative development (Posner and Rothbart 

2007). The present thesis integrates research on achievement motivation, well-being, 
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regional brain activation, cognition, and emotion to adopt a broader positive 

psychological approach. A number of limitations have been identified within each area 

of study. A new line of study is proposed that reaches out from achievement motivation 

roots to tackle questions of emotion, brain functioning, well-being, and cognition by 

triangulating self-report, experimental, and psychophysiological methods.  

Research on psychopathology has been crucial for better understanding of the 

development of mental disorders (see Aldao, Nolen-Hoeksema, and Schweizer 2010 for 

a meta-analytic review). However, positive mental processes have been much less 

investigated (Seligman and Csikszentmihalyi 2000). Limitations extend to the 

neuroscientific study of well-being and particularly eudaimonia. While considerable 

progress has been made in understanding the neural bases of hedonic processing 

(Davidson 2004a; Kringelbach and Berridge 2011), the investigation of the brain 

lateralisation of hedonic and eudaimonic well-being is limited to just one study (Urry et 

al. 2004). Thus, more work is required to examine the neural correlates of well-being. 

Although previous work has made great strides in the understanding of 

achievement motivation and affective outcomes, a second limitation is a preoccupation 

with measuring the hedonic variables of positive and negative affect (for reviews, see 

Huang 2011; Hulleman et al. 2010; Moller and Elliot 2006). Research on achievement 

goals in relation to aspects of eudaimonic well-being is rare and has been restricted to 

the dichotomous and trichotomous models of AGT (e.g., see Adie, Duda, and 

Ntoumanis 2008, 2010; Chen and Lu 2015; Kaplan and Maehr 1999; Vansteenkiste, 

Mouratidis, and Lens 2010). Thus, further work on hedonic and eudaimonic well-being 

is required to incorporate the 2x2 framework of AGT (Elliot and McGregor 2001). 

Whilst academic achievement has been the standard measure of performance in 

achievement motivation research, there is a dearth of work on the cognitive processes 

that underpin successful performance. Attentional control has been theoretically and 

empirically linked to motivation (Lang, Bradley, and Cuthbert 1997) but past research 

in this area has been limited to approach and avoidance characteristics of motivation 

(Förster et al. 2006; Friedman and Förster 2005b; Memmert and Caňal-Bruland 2009). 

To date, no experimental work has examined the effects of situational goal involvement 

on the three attentional networks of alertness, orientation, and executive control (Roca 

et al. 2011). Further, research on achievement goals and problem solving is scarce and 
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has been limited to either approach versus avoidance valences (e.g., Friedman and 

Förster 2000, 2001) or mastery versus performance goals (e.g., Bereby-Meyer and 

Kaplan 2005). A similar shortcoming is seen in experimental work on the effects of 

mastery and performance goals on memory (Murayama and Elliot 2011). Whilst the 

main focus has been placed on how achievement goals influence learning and encoding, 

there has been a paucity of research examining their impact on retrieval dynamics 

(Escribe and Huet 2005; Ikeda, Castel, and Murayama 2015). To address these 

limitations, a new line of work was undertaken that examined the effect of situational 

goal involvement on attentional networks, problem solving, and free memory recall. 

Further shortcomings in the study of achievement goals and cognitive 

processing relate to the methods of investigation. An excessive reliance on self-report 

methods restricts conclusions on cause and effect or direction of causality between the 

variables. Although relationships can be established between variables measured by 

self-reports, evidence that one variable (i.e., goal orientations) causes an effect on 

another (i.e., cognitive performance or emotional experience) can only be established in 

the controlled conditions of the laboratory. As well as depending heavily on self-report 

methods, there is a distinct lack of recent experimental work in achievement goal 

research that examines ERP correlates of emotional word processing. Although recent 

ERP studies have made considerable progress in this area (e.g., Kissler et al. 2009; Yi et 

al. 2015; Zhang et al. 2014), measuring ERPs during the presentation of emotional 

stimuli provides a more direct method of determining whether achievement goals differ 

in how they influence emotional word processing. Expanding on contemporary methods 

of investigation may help establish cause-and-effect relationships and broaden 

understanding beyond simple correlations between variables. 

5.2 Significance of the Thesis 

Recognition of the need for greater integration of related psychological lines of 

research is paramount. The present thesis furthers an approach proposed by Sternberg 

and Grigorenko (2001) that calls for a more unified science of psychology. It recognises 

the importance for multi-pragmatic, cross-disciplinary integration of topics and methods 

from converging areas of positive psychology and neuroscience. This integration is 

important as many of the theoretical and empirical questions that need to be addressed 

by neuroscientific studies are those that psychologists have explored for centuries 
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(Posner and Rothbart 2007). The neuroscientific approach per se provides some 

constraints for psychological theories and research but it also benefits from a closer 

connection with more objective and standardised measures. Pursuit of this approach can 

provide a strong basis for research that unifies social, psychological, differential, and 

physiological areas of study and triangulates self-report, experimental, and 

neuroscientific methods and techniques. 

5.3 Purposes of Studies 1 to 3 

The purpose of Study 1 (Chapter 3) was to examine the direct and indirect 

predictive effects of behavioural approach and avoidance tendencies (BIS/BAS), 

dispositional goal orientations, and frontal EEG asymmetry on hedonic and eudaimonic 

well-being. Building on past work that focused on interactions between approach and 

avoidance temperaments and achievement goals (e.g., Bjørnebekk and Diseth 2010; 

Elliot and Thrash 2002), a second purpose was to examine links between the BIS/BAS 

and the two types of well-being as mediated by the goal orientations. As motivation and 

well-being are modulated by the brain (e.g., Urry et al. 2004), a complete account 

therefore required an understanding of the neural mechanisms that support this 

relationship. To test this hypothesis, a third purpose examined the moderation effects of 

six frontal EEG asymmetry indices on the predictive effects of goal orientations on 

well-being. Finally, the effects of goal orientations on well-being were explored above 

and beyond the effects of the BIS/BAS and further indices of frontal EEG asymmetry.   

The purpose of Study 2 (Chapter 4) was to extend correlational findings by 

examining the effects of an achievement goal manipulation on a range of cognitive, 

psychophysiological, and well-being variables across two experimental designs. 

Experiment 1 was an initial attempt to manipulate participants’ situational goal 

involvement in a broad test of attentional networks (Roca et al. 2011). A second 

purpose tested these effects on perceptual asymmetry using a behavioural measure of 

relative hemispheric activation (e.g., Friedman and Förster 2005b). A third purpose 

examined achievement goal differences across a number of composite affective 

responses. Experiment 2 was designed to replicate the results of the attention test and 

further examine the complexity of the effects of goal involvement on a Tower of Hanoi 

problem-solving task. A second purpose of Experiment 2 was to extend the findings 

from Experiment 1 by using an objective EEG measure of relative prefrontal activation. 
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Finally, motivational effects were explored in relation to levels of positive and negative 

affect and general indices of eudaimonic well-being. Study 2 is a first attempt at 

exploring the effects of achievement goal involvement on broad measures of attentional 

networks, problem solving, brain activation, affective responses, and well-being. 

After adopting correlational and experimental approaches to the study of 

motivation and well-being and examining the cognitive processes of attention and 

problem solving using behavioural and EEG measures of brain activation, the next stage 

was to examine the effects of situational goal involvement on free memory recall of 

emotional words (e.g., Murayama and Elliot 2011) and ERP correlates of emotional 

word processing (e.g., Zhang et al. 2014). Study 3 (Chapter 5) employed a lab-based 

experimental design to manipulate participants’ goal involvement in a free recall task to 

assess emotional memory. A second purpose of Study 3 was to examine the effects of 

situational goal involvement on amplitude modulation of ERPs for emotional words in 

specific time epochs. Comparing the combined effects of goal involvement and 

emotional valence on processing and retrieval of word stimuli in an experimentally 

manipulated achievement context represents an original approach to this research area. 

 An underlying purpose of all three studies was to provide a more theoretically 

comprehensive analysis of achievement motivation and a range of cognitive, 

psychophysiological, and affective variables than previous studies by including mastery 

and performance as well as approach and avoidance dimensions of motivation (Elliot 

1999; Elliot and MacGregor 2001). Building on correlational findings in Study 1, 

manipulation checks for the motivational involvement in Studies 2 and 3 allowed for 

definite conclusions to be drawn on the effects of situational goal involvement on the 

outcome variables. Goal involvement is a particularly important construct as it reflects 

the situational interaction of dispositional goal orientations and the perceived 

motivational climate. As achievement goal involvement has been largely overlooked in 

controlled laboratory research, manipulating the situational motivational state represents 

a key advancement in motivation and psychological research more broadly. 

 

The following 3 studies have been presented independetly of one another and all prior 

coverage; therefore, there is some repetition of information regarding core concepts. 
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Abstract 

This study examined the behavioural inhibition and approach systems (BIS/BAS), 

achievement goal orientations, and frontal brain asymmetry as predictors of eudaimonic 

and hedonic well-being. A second purpose was to investigate the mediation effects of 

goal orientations on the relationship between the BIS/BAS and well-being. A third 

purpose tested the moderation effects of frontal brain asymmetry on the predictive 

effects of goal orientations on well-being. A sample of 100 university students (Mage = 

20.10 ± 2.14 years; 68 females, 32 males) underwent baseline recordings of 

electroencephalography (EEG) before completing self-report measures of goal 

orientation, BIS/BAS, eudaimonic and hedonic well-being. As hypothesised, 

eudaimonic and hedonic well-being were weakly correlated with activation in the left 

frontotemporal and frontocentral regions. While frontocentral activation predicted only 

eudaimonic well-being, mastery-approach orientation and the BAS, weakly to 

moderately predicted both forms of well-being using standard multiple regressions. 

Further conditional process analyses showed that the right-dominant prefrontal and mid-

frontal regions moderated the effects of mastery-approach orientation on eudaimonic 

but not hedonic well-being, while mastery-approach orientation partially mediated the 

effects of BAS on both forms of well-being. Links with brain asymmetry and well-

being followed the expected direction but as effect sizes were small relative to the 

motivational and bio-behavioural factors, more research is required to substantiate the 

nature and reliability of the relationship between neural processes and well-being.
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1. Introduction 

Research over the past half century has been primarily concerned with 

alleviation of emotional distress and cognitive dysfunction (Alloy et al. 1999; Reilly-

Harrington et al. 1999; Watson and Clark 1995). The growth of positive psychology has 

led to increased interest in optimal human functioning. Positive psychologists (e.g., 

Seligman and Csikszentmihalyi 2000; Sheldon and King 2001) encouraged research on 

constructive human behaviour, with a particular focus on hedonic and eudaimonic well-

being. The hedonic approach to well-being focuses on happiness and defines well-being 

in terms of pleasure attainment and pain avoidance. The eudaimonic approach to well-

being focuses on life meaning and self-realisation and defines well-being in terms of 

optimal human functioning. The first approach emphasises one’s cognitive and 

emotional evaluation of life and has been referred to as subjective well-being (Diener 

1984). The second approach emphasises the needs or qualities that are essential for 

one’s psychological growth and development. The concept of psychological well-being 

is an example of the eudaimonic well-being tradition (Ryff 1989). Thus, from the 

eudaimonic perspective, subjective happiness cannot be equated with well-being. 

Empirical investigations into the origins of well-being (Ryan and Deci 2001) coincided 

with the growth of affective neuroscience (Davidson and Sutton 1995) and have led to 

links ranging from psychophysiological variables such as brain asymmetry and function 

to affective variables such as eudaimonic and hedonic well-being (Davidson 2004a; 

Kringelbach and Berridge 2009; Urry et al. 2004). Research on well-being has mainly 

focused on EEG studies examining asymmetric differences between approach-related 

positive affect and withdrawal-related negative affect in the prefrontal cortex (e.g., 

Davidson 1998; Davidson et al. 1990). One model which integrates approach and 

withdrawal valences with mastery and performance dimensions of motivation is the 2x2 

achievement goal theory (AGT) framework (Elliot and McGregor 2001). Investigating 

achievement goal orientations together with frontal brain functionality offers a 

progressive approach to studying eudaimonic and hedonic well-being. A challenge for 

positive neuropsychologists is to examine the effects of achievement goals on well-

being using psychophysiological (EEG) methods (Randolph 2013). The current study 

adopted this positive neuropsychology perspective to investigate whether eudaimonic 
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and hedonic well-being are predicted by frontal EEG asymmetry, the behavioural 

approach and withdrawal systems, and cognitive processes of achievement motivation. 

1.1 Eudaimonic and Hedonic Well-Being: Conceptual Origins 

Numerous conceptualisations of well-being have been formulated in the 

literature, as have a variety of nomenclatures, such as ‘psychological well-being’ (Ryff 

1989; Ryff and Keyes 1995), ‘life satisfaction’ (Diener et al. 1985), ‘subjective well-

being’ (Diener 2000), ‘quality of life’ (Felce and Perry 1995), and ‘happiness’ 

(Lyubomirsky 2001; Myers 2000). According to Ryan and Deci (2001), happiness as a 

holistic concept is derived from two evolving philosophical traditions of research on 

eudaimonic and hedonic well-being. 

1.1.1 Eudaimonic Well-Being 

Eudaimonic well-being originates from Aristotle’s (Irwin 1985) philosophy of 

eudaimonia as a function of character virtues (e.g., self-identity, mastery, and life 

purpose). Eudaimonic conceptions of well-being are associated with a process of self-

realisation and fulfilment of personal growth potentials in the pursuit of authentic and 

meaningful life (Ryan and Deci 2001). Meaning in eudaimonic terms is expressed as a 

unified purpose in life that is consistent with one’s core values and development of 

one’s ‘daimon’ or ‘true self’ (Waterman 1993; Waterman et al. 2010). A prominent and 

validated model of eudaimonia is Ryff’s (1989) conception of psychological well-being 

(PWB). Derived from Aristotelian ideals, PWB reflects six fundamental theory-driven 

aspects of eudaimonia including the degree to which a person experiences autonomy, 

environmental mastery, personal growth, positive relations with others, purpose in life, 

and self-acceptance. Several theorists (e.g., Ryan and Deci 2001) have argued that an 

individual’s social and cultural context supports the innate psychological needs of 

autonomy, competence, and relatedness that are antecedents of PWB, not an index of it. 

The overlap between PWB and theoretical underpinnings of eudaimonia has led to the 

use of Ryff’s model as a common approach to eudaimonic well-being. However, 

eudaimonia is not the definitive approach to well-being. It relates more to the pursuit of 

purpose and meaning in life rather than to the subjective experience of feeling ‘good’.
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1.1.2 Hedonic Well-Being 

Since the publication of ‘Well-Being: Foundations of Hedonic Psychology’ 

(Kahneman, Diener, and Schwarz 1999), subjective well-being (SWB) has been defined 

in terms of philosophical hedonism. Therefore, hedonic well-being, hedonia, and SWB 

are used interchangeably in this report. Hedonia is best exemplified by the work of 

Diener and colleagues (Diener et al. 1985) as one’s cognitive-affective evaluations of 

life. Hedonic approaches to well-being have recognised the importance of minimising 

negative affective outcomes and maximising positive affective pursuits that afford 

satisfaction of one’s desire and lead to attainment of pleasure, enjoyment, and comfort 

(Fredrickson 2001; Kahneman 1999). Hedonia has been associated with the experience 

of positive affect (PA) over negative affect (NA) and a personal judgement on one’s 

satisfaction with life (Diener 1984, 2009). A predominant view in hedonic psychology 

is that well-being equates with subjective happiness and concerns with the experience of 

pleasure over pain to form judgements on the quality of one’s life (Ryan and Deci 

2001). Ryff and Singer (1998) have questioned the degree to which life satisfaction 

adequately captures the hedonic position in well-being research. The authors formed 

their conception of hedonia as the presence of PA and absence of NA and suggested that 

life satisfaction was not strictly a hedonic concept. While such debates continue, most 

contemporary psychologists (e.g., Henderson and Knight 2012) now agree that a life 

rich in both types of pursuits can lead to the highest attainment of well-being. 

1.1.3 Integrating the Eudaimonic and Hedonic Perspectives 

One problem to studying well-being in either hedonic or eudaimonic terms is the 

assumption that these concepts are polar opposites rather than two sides of a spectrum. 

Despite some contention surrounding the homogeneous nature of eudaimonia and 

hedonia (Kashdan, Biswas-Diener, and King 2008), research reveals the existence of 

two quantitatively distinguishable forms of well-being. Whilst aspects of eudaimonia 

(i.e., personal expressiveness) have been linked to hedonic enjoyment, hedonia has been 

shown to increase in the absence of eudaimonia, indicating a distinction between the 

two concepts (Waterman 1993). Although eudaimonic and hedonic well-being are 

closely related concepts, engaging in eudaimonic activities often results in sustained 

positive experience, whereas the reverse relation is not always present (Waterman et al. 

2008). Empirical work has further supported this supposition (e.g., Nix et al. 1999). 
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Accumulated evidence of separate well-being pathways has led to investigations of 

eudaimonia and hedonia as quantitatively distinct constructs. Research simultaneously 

investigating hedonic and eudaimonic perspectives suggests that each type of pursuit 

denotes important aspects of well-being (Henderson and Knight 2012). Despite the 

substantial interest in the aetiology of well-being (both hedonic and eudaimonic; see 

Seligman and Csikszentmihalyi 2000), little is known about the underlying neural 

substrates of these constructs. The elucidation of a well-being-essential neural network 

could facilitate the empirical integration of positive and affective neuropsychology and 

provide valuable insights into what makes a life worth living. 

1.2 Frontal EEG Asymmetry 

1.2.1 Frontal EEG Asymmetry and Approach/Withdrawal Motivation 

Limited research examining the neural correlates of eudaimonic and hedonic 

well-being has focused on the motivational determinants of frontal brain asymmetry 

(Urry et al. 2004). Brain asymmetry is referred to as the lateralised functional difference 

in electroencephalographic (EEG) alpha activity at baseline between the left and right 

hemispheres (Davidson et al. 1990). Baseline EEG asymmetry is employed as a 

measure of individual differences in specific patterns of neural activation and is shown 

to predict important cognitive and affective aspects of well-being (Davidson 2004a). 

Davidson (1983) proposed a model of two overarching motivational systems (i.e., 

approach and withdrawal) that are linked with emotion-modulated EEG asymmetries in 

the prefrontal cortex (Davidson 1993, 1998; Harmon-Jones and Allen 1997; for a 

review, see Coan and Allen 2003b). The approach-withdrawal model posits that greater 

relative left frontal EEG activation corresponds with an increased trait tendency to 

approach or respond to positive-affective stimuli, whereas greater relative right frontal 

EEG activation corresponds with an increased trait tendency to withdraw or respond to 

negative-affective stimuli (Davidson 1992a, 1992b, 1993, 1998, 2004b; Davidson et al. 

1990; Sutton and Davidson 2000). The approach-withdrawal model has mainly focused 

on the integration of motivation and emotion in explaining the left-right lateralisation. 

Individual differences in relative EEG activation at the frontal areas are presumed to 

reflect trait-like approach-directed (left hemisphere) and withdrawal-directed (right 

hemisphere) behavioural tendencies in the event of appropriate sources of stimulation. 
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1.2.2 Frontal EEG Asymmetry and BIS/BAS 

Building on the approach-withdrawal model of motivation and emotion (e.g., 

Davidson et al. 1993), frontal EEG asymmetry has been further investigated as a trait 

measure or a natural propensity to respond and behave in a motivationally based 

manner. Gray (1972, 1987, 1990) has theorised that two neurologically-based bio-

behavioural systems are involved in the regulation of behaviour. These are the 

Behavioural Inhibition (BIS) and the Behavioural Activation (BAS) Systems. The BAS 

regulates appetitive motives in the pursuit of both positive and negative reinforcement 

(Gray 1994). The BAS has been traditionally linked to better mental health (Fordyce 

1977, 1983) and general PA (Carver and White 1994). The BIS regulates aversive 

motives that inhibit behaviour (Gray 1994) and produce general NA (Carver and White 

1994). More specifically, greater relative left frontal EEG activity has been associated 

with BAS tendencies, whilst greater relative right frontal EEG activity has been 

associated with BIS tendencies (Carver 1996; Harmon-Jones and Allen 1997; Sutton 

and Davidson 1997). Most neuroscientific studies on the BIS/BAS have agreed that the 

BAS overlaps conceptually with approach motivation, whereas the relationship between 

the BIS and withdrawal motivation remains unclear (Coan and Allen 2003a; Sutton and 

Davidson 1997). A recent study has shown the stability of frontal EEG asymmetry after 

four months but found no links with the BIS/BAS (Schneider et al. 2016). More work is 

needed to refine this area of research and investigate the underlying neural mechanisms 

of the BIS and BAS and their links with eudaimonic and hedonic well-being. 

1.2.3 Neural Correlates of Eudaimonic and Hedonic Well-Being 

Although much attention has been directed towards the origins of eudaimonic 

and hedonic well-being, few empirical works have examined these constructs within a 

neuroscientific framework (Kringelbach and Berridge 2009). Research supports the 

approach-withdrawal model (Davidson 1983) and highlights the role of left side 

prefrontal EEG dominance in the experience of PA and general well-being (e.g., 

Davidson 2004a). The first study that has directly examined the neural correlates of 

eudaimonic and hedonic well-being has found asymmetric differences in superior 

frontal EEG activation (Urry et al. 2004). Greater relative left, than right, superior 

frontal activation was shown to predict both forms of well-being. This effect was 

observed for eudaimonic but not hedonic well-being when controlling for approach-
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related PA. First, since hedonic well-being is represented by the absence of NA as well 

as the presence of PA (Diener 1984), and evidence exists for positive and negative 

affective brain styles (see Davidson 2003 for a review), it is unclear why the role of 

avoidance-related NA in the superior frontal cortex was unexplored. Research has found 

that resting frontal and anterior temporal EEG asymmetry indeed predict ability to 

regulate negative emotions (Jackson et al. 2000). Second, individual differences in the 

BIS/BAS, typically associated with PA/NA (e.g., Carver and White 1994; Erdle and 

Rushton 2010), were not controlled for. Third, the generalisability of these findings is 

limited by a narrow and senior age sample (57-60 years). In spite of some encouraging 

findings on the neural correlates of eudaimonic and hedonic well-being (Davidson 

2004a; Kong et al. 2015; Lewis et al. 2013; Urry et al. 2004), further research is 

required to substantiate these effects with approach and avoidance type constructs. 

1.3 Achievement Motivation 

1.3.1 Achievement Goal Orientations 

One model of motivation that has adopted approach and withdrawal (also 

referred to as avoidance) valences and has been less empirically studied in relation to 

well-being is the 2x2 achievement goal framework (Elliot and McGregor 2001). 

Achievement goals are defined as the competence-relevant purpose of motivated 

behaviour in an achievement context (Elliot 2005). Elliot and colleagues (e.g., Elliot 

1999; Elliot and Church 1997; Elliot and McGregor 2001) revised and extended the 

dichotomous (e.g., Nicholls 1984) and trichotomous (Elliot and Harackiewicz 1996) 

models of achievement goals by conceptualising goals along two dimensions of 

competence: definition (i.e., self-/task-referenced and normatively-referenced standards) 

and valence (i.e., approach and avoidance). Mastery goals represent individuals who 

adopt a self-/task-referenced perspective and these can be approach (i.e., attaining 

competence) or avoidance valenced (i.e., avoiding the demonstration of incompetence). 

Performance goals represent individuals who adopt a normatively-referenced 

perspective and these are similarly approach (i.e., attaining competence relative to 

others) or avoidance valenced (i.e., avoiding the demonstration of incompetence relative 

to others). The 2x2 goal model (Elliot and McGregor 2001) categorises individuals 

according to four achievement goal orientations: mastery approach (MAp), mastery 

avoidance (MAv), performance approach (PAp), and performance avoidance (PAv). 
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1.3.2 Achievement Goal Orientations and Well-Being 

Research has shown that achievement goals are associated with various forms of 

emotions, outcomes, and behaviours (see Moller and Elliot 2006 for a review) but 

mainly overlooked associations with hedonic and eudaimonic well-being. MAp goals 

have been positively linked with positive affects, well-being, and appetitive patterns of 

behaviour and negatively linked with negative affects, ill-being, and aversive patterns of 

behaviour (Grant and Dweck 2003; Elliot and McGregor 2001; Elliot, McGregor, and 

Gable 1999; Harackiewicz et al. 2008; Howell and Watson 2007; Liem, Lau, and Nie 

2008; McGregor and Elliot 2002; Pekrun, Elliot, and Maier 2006; Roussel, Elliot, and 

Feltman 2011; Vrugt and Oort 2008). There has been less research on MAv goals (see 

Moller and Elliot 2006 for a review) due to the weak or non-significant relationships 

with well-being and achievement outcomes (Cury et al. 2006; Elliot and McGregor 

2001; Elliot and Murayama 2008; Howell and Watson 2007; Roussel, Elliot, and 

Feltman 2011; Van Yperen et al. 2014). PAp goals have been linked with positive and 

negative behaviours and outcomes (Elliot, McGregor, and Gable 1999; McGregor and 

Elliot 2002), and either positively related or unrelated to PA and NA (Elliott and Dweck 

1988; Linnenbrink 2005; Meece, Blumenfeld, and Hoyle 1988; Meyer et al. 1997; 

Nicholls 1984; Nolen and Haladyna 1990; Roeser, Midgley, and Urdan 1996; Seifert 

1995; Turner et al. 1998). Finally, PAv goals have been positively related (Hulleman et 

al. 2010) or unrelated (Sideridis 2003, 2005) to NA, and either positively related to 

unproductive or negatively related to productive outcomes (Elliot et al. 1999; McGregor 

and Elliot 2002; Pekrun, Elliot, and Maier 2006; Roussel, Elliot, and Feltman 2011).  

Some achievement goal researchers have argued that achievement goals may 

facilitate the psychological well-being of students (Kaplan and Maehr 1999, 2007). This 

supposition has received support primarily in educational settings (e.g., Pekrun, Elliot, 

and Maier 2006; Sideridis 2005). However, such findings are limited to the goals 

captured in the dichotomous (mastery and performance; Nicholls 1984) and 

trichotomous (MAp, PAp, PAv goals; Elliot and Church 1997) achievement goal 

frameworks. Less is known regarding the utility of the 2x2 achievement goal model 

(Elliot and McGregor 2001), and more specifically the role of the four achievement 

goals in explaining variability in reported eudaimonic and hedonic well-being. In 



54 

 

 

addition to the dynamic complexity of these goals, research is needed to examine the 

role of more stable, trait-like factors such as the BIS/BAS in predicting well-being. 

1.4 Behavioural Inhibition/Activation Systems (BIS/BAS) 

1.4.1 BIS/BAS and Well-Being 

The BIS and BAS have long been associated with individual differences in 

emotional valence (Gray 1972, 1987, 1990). Variation in sensitivity of the BIS and BAS 

has been related to personality traits and SWB (Elliot and Thrash 2002). High BIS 

sensitivity has been found to generate negative affective experiences, whilst high BAS 

sensitivity has been related to positive affective experiences and happiness (Carver and 

White 1994; Erdle and Rushton 2010; Gable, Reis, and Elliot 2000; Gray 1990; 

Heubeck, Wilkinson, and Cologon 1998; Updegraff, Gable, and Taylor 2004). Specific 

sub-constructs of the BAS system (i.e., Reward Responsiveness) have been found to 

predict psychological well-being (i.e., PWB) and have implications for preventing 

maladaptive psychological functioning (Taubitz, Pedersen, and Larson 2015). However, 

research linking the BIS with eudaimonic well-being is scarce. The overall pattern of 

results suggests that activation of the BAS by reward-relevant inputs generates positive 

emotional experience and pleasant mood, whereas activation of the BIS by punishment-

relevant inputs generates negative emotional experience and unpleasant mood. 

1.4.2 BIS/BAS and Achievement Goal Orientations 

To understand the factors that contribute to well-being, it is important to outline 

the role of achievement goals in models of personality. Elliot and Thrash (2002) suggest 

that the BIS/BAS, together with certain personality traits (neuroticism/extraversion) and 

affective dispositions (PA/NA), are indicators of individual differences in approach and 

avoidance temperaments that influence affective, cognitive, and behavioural outcomes. 

Elliot and Thrash (2002) found positive relationships between approach temperament 

(encompassing the BAS) and approach goals (MAp and PAp) as well as between 

avoidance temperament (encompassing the BIS) and avoidance goals (PAv). However, 

being grounded in the trichotomous model of achievement goals (Elliot and Church 

1997), their work did not examine links with MAv goals. Bjørnebekk and Diseth (2010) 

replicated and extended the findings of Elliot and Thrash (2002) showing that the BAS, 

as a factor solution of approach temperament, positively predicted approach goals and 
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negatively predicted avoidance goals. In contrast, the BIS revealed the opposite pattern 

of results. No research to our knowledge has investigated the BIS/BAS in the context of 

the 2x2 AGT model (Elliot and McGregor 2001). To address this void in the literature, 

research needs to test the relationship between the BIS/BAS and the four achievement 

goals and also link these effects with indices of eudaimonic and hedonic well-being. 

1.5 An Integrated Approach to Well-Being 

Taken together, the findings call for a hierarchical mediation model in which the 

2x2 achievement goals (Elliot and McGregor 2001) are viewed as important in the 

prediction of well-being. These goals are thought to serve as channels for the behaviour 

evoked by neuro-biologically based approach and avoidance tendencies (Bjørnebekk 

and Diseth 2010; Elliot and Thrash 2002). Previous research on individual differences 

suggested that the link between approach and avoidance goals and well-being is 

relatively stable (see Diener and Lucas 1999 for a review). Individuals pursuing 

approach-related goals typically have higher levels of well-being, whereas those 

pursuing avoidance-related goals tend to have lower levels of well-being (e.g., Carver, 

Sutton, and Scheier 2000). We extended an alternative approach proposed by Tamir and 

Diener (2008) that the link between approach and avoidance goals and well-being is 

relatively dynamic and varies as a function of individual differences in the pursuit of 

goals. The dynamic complexity of this relationship may also be dependent on 

psychophysiological factors (i.e., EEG asymmetry) that reflect clearly lateralised 

approach- and avoidance-oriented motivational tendencies in the prefrontal cortex 

(Sutton and Davidson 1997). Limited work on the neural correlates of well-being has 

shown that engagement with goal-directed approach tendencies, associated with relative 

left-dominant superior frontal EEG activity, facilitates eudaimonic and hedonic well-

being (Urry et al. 2004). Based on the 2x2 classification of achievement goals (Elliot 

and McGregor 2001), the present study extended this literature by adopting the 

approach and avoidance (mastery and performance) dimensions of achievement 

motivation. It is likely that well-being, as predicted by the BIS/BAS, is mediated by the 

goal orientations and moderated by patterns of resting frontal EEG asymmetry.
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1.6 The Present Study  

To date, little work has examined the neural correlates of eudaimonic and 

hedonic well-being. The first and only study that has directly explored the neural 

correlates of well-being has found evidence for a link with frontal cortex activity. 

Specifically, greater left, than right, superior frontal activation (measured using EEG) is 

associated with eudaimonic and hedonic well-being (Urry et al. 2004). To fill this gap in 

the literature, the present study examined whether frontal EEG asymmetry (Davidson 

1993, 1998) was linked to both forms of well-being. In line with limited work in this 

literature (Urry et al. 2004), additional regression analyses were computed so as to 

provide a more comprehensive model of the BIS/BAS (Gray 1978) and achievement 

goal orientations (Elliot and McGregor 2001) as potentially important predictors of 

eudaimonic and hedonic well-being. A second aim was to test for any mediating effects 

of the goal orientations on any relationship between the behavioural systems and well-

being. Previous studies have compared achievement goals to cognitive channels for the 

behaviour evoked by neuro-biologically based approach and avoidance temperaments 

(Elliot and Thrash 2002). Frontal EEG asymmetry is thought to reflect approach- and 

withdrawal-related dispositional tendencies (e.g., Harmon-Jones and Allen 1997; Sutton 

and Davidson 1997). Following from the approach-withdrawal model of asymmetry, 

trait patterns of propensities to approach or engage with the environment or to withdraw 

from the environment have been associated with this EEG measure (e.g., Coan and 

Allen 2003b; Davidson 1993). Thus, a third aim was to examine any effects of the goal 

orientations on well-being as moderated by trait patterns of resting frontal EEG 

asymmetry. Aligned with the 2x2 AGT model (Elliot and McGregor 2001), the present 

study extends previous work (Urry et al. 2004) using a younger sample. This is an initial 

attempt to examine the predictive effects on well-being by triangulating motivational, 

bio-behavioural, and electrophysiological variables. Hypotheses and results are only 

included for achievement goals that satisfied the criteria for internal reliability. 

1.7 Hypotheses 

The present study investigated the predictive effects of six frontal EEG 

asymmetry indices, behavioural approach (BAS) and inhibition (BIS) systems, and 

mastery-approach (MAp) and performance-avoidance (PAv) goal orientations on 

eudaimonic (PWB) and hedonic (SWB) well-being. It was hypothesised that individual 
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differences in relative baseline EEG activation over the frontal region would predict 

levels of eudaimonic and hedonic well-being. Based on the findings of Urry et al. 

(2004), greater relative left, than right, resting frontal EEG activation was expected to 

positively predict both forms of well-being. A second hypothesis was that (1) high BAS 

sensitivity would positively predict hedonic (Elliot and Thrash 2002) and eudaimonic 

(Taubitz, Pedersen, and Larson 2015) well-being and (2) MAp goal orientation would 

positively predict indices of eudaimonic (e.g., Elliot and McGregor 2001) and hedonic 

(e.g., Tuominen-Soini, Salmela-Aro, and Niemivirta 2008) well-being. Due to mixed 

findings, negative or no significant relationships were expected between (1) the BIS and 

eudaimonic or hedonic well-being (Carver and White 1994; Erdle and Rushton 2010; 

Gable, Reis, and Elliot 2000) and (2) PAv goal orientation and eudaimonic or hedonic 

well-being (Hulleman et al. 2010; Sideridis 2003, 2005). See Figure 1 for a conceptual 

representation of the hypothesised model.
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Figure 1. The conceptual model showing frontal EEG asymmetry, the BIS/BAS, and 

MAp/PAv goal orientations as direct predictors of eudaimonic (PWB) and hedonic 

(PA/NA) well-being.          

 

 

 

 

 

 

 

 

 

  

                               

                    

                                                  

                                                      

                                                                     

                                                                 

                                                  

 

 

 

 

Figure 2. The conceptual moderated mediation model showing the indirect effects of 

the BIS/BAS on eudaimonic (PWB) and hedonic (PA/NA) well-being through 

MAp/PAv goal orientations and the interaction (moderation) of frontal EEG asymmetry.
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Grounded in previous research (e.g., Bjørnebekk and Diseth 2010; Elliot and 

Thrash 2002), a third hypothesis stated that the relationship between the BAS/BIS and 

eudaimonic and hedonic well-being would be at least, partially mediated by the 

MAp/PAv orientations, respectively. Despite limited evidence, it was predicted that the 

link between the MAp/PAv orientations and well-being is relatively dynamic (Tamir 

and Diener 2008) and individual differences in resting frontal EEG asymmetry (Sutton 

and Davidson 1997) may moderate the effects of the goal orientations on eudaimonic 

and hedonic well-being (Figure 2 shows the proposed moderated mediation model). 

2. Method 

2.1 Design 

A correlational design with standard multiple regressions was used to predict 

hedonic and eudaimonic well-being from baseline recordings of frontal EEG activity, 

achievement goal orientations, and the BIS/BAS (see Figure 1). Further conditional 

process models tested (1) the mediation effects of goal orientations on the predictive 

effects of the BIS/BAS on well-being and (2) the moderation effects of frontal EEG 

asymmetry on the predictive effects of goal orientations on well-being (see Figure 2). 

2.2 Participants 

The study employed an opportunity sample of 100 undergraduate students from 

Coventry University (68 females, 32 males). Participant age range was 18 to 34 years 

(Mage = 20.10 ± 2.14) with mostly White British (n = 37) but also British African (n = 

12), British Asian (n = 16), mixed race (n = 3), and other races (n = 32). There was no 

reported history of psychiatric disorder, epilepsy, or traumatic brain injury. 

2.3 Measures 

2.3.1 Self-Report Questionnaires 

Behavioural Approach/Avoidance Systems. The Behavioural Inhibition/ 

Activation Scales (BIS/BAS; Carver and White 1994) is a 24-item questionnaire that 

measures individual differences in dispositional sensitivity to approach (BAS) and 

avoidance (BIS) behaviour (Appendix 1, page 267). Responses were made on a 4-point 

Likert-type scale ranging from 1 = Very True for Me, 2 = Somewhat True for Me, 3 = 

Somewhat False for Me, to 4 = Very False for Me. Example items include ‘Criticism or 
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scolding hurts me quite a bit’ (BIS: 7 items); ‘When I get something I want, I feel 

excited and energized’ (BAS Reward Responsiveness: 5 items); ‘I go out of my way to 

get what I want’ (BAS Drive: 4 items); and ‘I often act on the spur of the moment’ 

(BAS Fun Seeking: 4 items). Four items were included as fillers. The Cronbach’s alpha 

coefficients (in Carver and White 1994) were BIS (α =.70), BAS Reward 

Responsiveness (α = .73), BAS Drive (α = .76), and BAS Fun Seeking (α = .66). Two 

items were reverse-scored. A mean score was created for each of the three BAS 

subscales and an overall total mean was computed for the BAS and BIS. 

Achievement Goal Orientation. The 12-item Achievement Goal Questionnaire-

Revised (AGQ-R; Elliot and Murayama 2008) was adapted from educational settings to 

a global measure of goal orientations. For example, the original item ‘My aim is to 

completely master the material presented in this class’ was adapted to ‘I aim to improve 

and master my skills’ (Appendix 2, page 268). The AGQ-R was adapted from the 

original measure developed by Elliot and McGregor (2001). It consists of 3 items per 

subscale that measure each of the four achievement goal orientations: mastery approach 

(Cronbach’s α = .84 in Elliot and Murayama 2008), mastery avoidance (α = .88), 

performance approach (α = .92), and performance avoidance (α = .94). Responses were 

made on a 5-point Likert-type scale (1 = Strongly Disagree, 5 = Strongly Agree). 

Example items are ‘I aim to improve and master my skills’ (mastery approach), ‘I learn 

to avoid not knowing enough’ (mastery avoidance), ‘I strive to do well compared to 

others’ (performance approach), and ‘My aim is to avoid doing worse than other 

people’ (performance avoidance). The order of the items remained the same as in the 

original scales. Subscale items were averaged to establish the four total goal scores. 

Eudaimonic Well-Being. Ryff’s 18-item Psychological Well-Being Scale (PWB-

18; Ryff and Keyes 1995) was used as a measure of eudaimonic well-being (Appendix 

3, page 269). The PWB-18 was adapted from the full 84 items Scales of Psychological 

Well-Being inventory (Ryff 1989). It consists of 18 items underlying six (3 items per 

subscale) dimensions of eudaimonic well-being: Autonomy (Cronbach’s α = .37 in Ryff 

and Keyes 1995), Environmental Mastery (α = .49), Personal Growth (α = .40), Positive 

Relations with Others (α = .56), Purpose in Life (α = .33), and Self-Acceptance (α = 

.52). Responses were made on a 6-point agreement Likert-format scale (1 = Strongly 
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Disagree; 6 = Strongly Agree). Of the 18 items, 8 were negatively worded and 

responses on those items were reverse-scored. Given the weak Cronbach’s alphas, for 

the purpose of this study a total PWB score was computed by creating a mean score for 

each of the six dimensions and then an overall total mean was calculated. 

Hedonic Well-Being. Positive affect (PA) and negative affect (NA) were 

measured using the Positive Affect-Negative Affect Schedule (PANAS; Watson, Clark, 

and Tellegen 1988). PANAS is a two-dimensional 20-item scale that includes 10 

positive (e.g., excited, strong, proud) and 10 negative (e.g., upset, afraid, scared) mood 

adjectives (Appendix 4, page 270). Respondents were asked to indicate how intensely 

they experienced these affective states during the past week. Responses were recorded 

on a 5-point Likert-type scale ranging from 1 = Very Slightly or Not at All to 5 = 

Extremely. Cronbach’s α (in Watson, Clark, and Tellegen 1988) ranged from .86 to .90 

for PA and from .84 to .87 for NA. A total mean score for each dimension was 

computed. High PA scores reflect ‘a state of high energy, full concentration, and 

pleasurable engagement’ and high NA scores indicate ‘subjective distress and 

unpleasurable engagement’ (Watson, Clark, and Tellegen 1988: 1063). 

2.3.2 EEG Recording, Reduction, and Analysis 

Frontal EEG Asymmetry. Baseline EEG was recorded against a common 

average reference in accordance with the international 10-20 EEG system (BioSemi, 

Amsterdam, The Netherlands). Recording sites included prefrontal (FP1, FP2), frontal 

(AF3, F7, F3, Fz, F4, F8, AF4), fronto-central (FC5, FC1, FC2, FC6), central (C3, Cz, 

C4), temporal (T7, T8), centro-parietal (CP5, CP1, CP2, CP6), parietal (P7, P3, Pz, P4, 

P8), parieto-occipital (PO3, PO4), and occipital (O1, Oz, O2). See Appendix 5 (page 

271) for topographical distribution of the electrodes. Vertical electro-oculographies 

(VEOGs) were measured referentially over the supra- and sub-orbital ridge of left eye 

and horizontal electro-oculographies (HEOGs) were measured over the lateral canthus 

of each eye. Eight 1-min trials (4 eyes-closed and 4 eyes-open) were recorded in a 

counterbalanced order. Offsets were verified low and stable (+/- 25 Hz) across channels.  

EEG data were processed offline using BESA Research 6.0 software (BESA 

GmbH, Munich, Germany). No epochs with excessive artefacts were detected. EEG 

data from all channels were bandpass filtered using Fast Fourier Transformation (FFT) 
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with 1 Hz low cut-off (6 dB/octave attenuation) and 30 Hz high cut-off (12 dB/octave 

attenuation). Estimates of spectral power (µV) were spaced at 0.5 Hz intervals. Trials 

that contained voltage flunctuations or eye movements exceeding ± 100 μV were 

removed automatically from the final analysis using the adaptive artefact correction 

algorithm (Ille, Berg, and Scherg 2002). Artefact-free segments were extrapolated into 

1-sec epochs in the alpha band spectrum (8-13 Hz) at a sampling rate of 256 Hz. 

Finally, the mean alpha power values were log transformed to normalise the 

distribution of the data. Brain asymmetry scores (log Right - log Left) were computed 

from the mean alpha power values for 6 homologous frontal sites (F4-F3/ F8-F7/AF4-

AF3/FP2-FP1/FC2-FC1/FC6-FC5). Brain activation was inferred as the reverse of mean 

alpha power (e.g., Davidson 1988). As decreased alpha power in a given region is 

associated with increased cortical activation, increased alpha power in a right 

hemisphere versus homologous left hemisphere site indicates relative left hemisphere 

activation (e.g., Davidson et al. 1990). Thus, positive values on the asymmetry index 

indicated greater left EEG activation, whereas negative values on the asymmetry index 

indicated greater right EEG activation. In order to examine whether activity in left or 

right regions drove any asymmetry findings, alpha power scores for each hemisphere 

were computed (e.g., C3 and C4). This was done by residualising alpha power for each 

eyes condition and recording reference as a function of whole-head alpha power for that 

condition/reference, and then using these residualised scores as dependent variables. 

This approach removes overall differences in power due to anatomical factors such as 

scalp thickness while preserving topography (see Davidson, Jackson, and Larson 2000). 

2.4 Procedure 

Ethical approval was granted from a university ethics committee. The treatment 

of participants was in accordance with APA ethical guidelines. On arrival at the EEG 

laboratory, participants were informed on the nature and safety of EEG testing and their 

ethical rights (Appendix 6, page 272). After gaining written consent (Appendix 7, page 

274), and before each testing session, participants were asked to provide background 

information (Appendix 8, page 275) and complete a battery of computerised self-report 

questionnaires measuring goal orientation, behavioural tendencies, hedonic and 

eudaimonic well-being. The order of the questionnaires was counterbalanced to avoid 

potential response bias. EEG activity was then recorded for an 8-min resting period and 
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students’ brain alpha waves were monitored during the course of testing. Finally, 

participants were debriefed on the purpose of the study (Appendix 9, page 276) and any 

further questions were answered. The whole procedure lasted approximately 1 hour. 

3. Results 

3.1 Preliminary Diagnostics 

Data was visually screened to check for the assumptions of multiple regression 

(Tabachnick and Fidell 2001). Cook’s D (Cook 1979, 2000) detected no outliers (d < 1) 

and skewness and kurtosis z scores revealed no deviation from normality (- 1.96 ≤ z ≤ 

1.96). Scatterplots indicated no violation of heteroscedasticity and linearity between the 

variables (Pallant 2013). The Durbin-Watson test (Durbin and Watson 1950) revealed 

no autocorrelation or serial correlation in residuals, d = 2.33. Tolerance and VIF values 

were within normal limits, showing non-excessive multicollinearity (Coakes 2005; Hair 

et al. 1998). Across all twelve frontal EEG asymmetry indices, Cronbach’s α was .99, 

with correlations ranging from r = .72 to r = .98 (see Table 1, Appendix 10, page 277). 

PWB (α = .79), PANAS (α = .71), and BIS/BAS (α = .71) showed adequate internal 

consistency of .70 and above (Nunnally and Bernstein 1994). MAv (α = .45) and PAp 

(α = .52) dimensions of the AGQ-R had low internal consistency and were removed 

from further analysis. MAp (α = .70) and PAv (α = .78) goal dimensions were retained. 

3.2 Descriptive Statistics and Simple Correlations 

As shown in Table 2, the mean score for the BAS was higher than the mean 

score for the BIS but responses on both subscales were ‘Somewhat Truly’ relating to 

participants’ lives. Of the goal orientations, MAp scored highest. Most responses to 

PWB items were ‘Agree Somewhat’ and ‘Agree Slightly’. For the SWB measure, most 

responses were ‘Quite a Bit’ in response to PA items and ‘A Little’ to NA items.  

The total PWB score was moderately and positively correlated with the total PA 

score, and weakly and negatively correlated with the total NA score. Weak negative 

correlations were found between the total BIS and PWB scores, and weak positive 

correlations were found between the total BAS and PWB scores as well as the total BIS 

and NA scores. The total BAS score was weakly and positively related to the total MAp 

score. Greater relative left, than right, alpha activation at the frontocentral (FC6-FC5) 

and frontotemporal (F8-F7) sites was associated with higher total PWB and PA scores, 
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respectively, and with a lower total NA score. No correlations were found between any 

of the six frontal EEG asymmetry indices and the total BIS/BAS scores. F8-F7 was the 

only asymmetry index that weakly and negatively correlated with the total PAv score.
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Table 2 

Descriptive Statistics, Simple Correlations, and Internal Reliability Scores for Key Study Variables (N = 100) 

 

Note. Cronbach’s alphas (α) are presented in parenthesis across the diagonal. *p < .05, **p < .01 

PWB was a score between 1-6, where higher scores correspond with higher eudaimonic well-being; PA and NA were scores between 1-5, 

where higher PA scores and lower NA scores correspond with higher hedonic well-being; BIS and BAS were scores between 1-4, where 

higher BAS scores correspond with greater behavioural inhibition and higher BAS scores correspond with greater behavioural activation; 

MAp, MAv, PAp, and PAv were scores between 1-5, where higher scores correspond with higher levels of achievement goal orientation.

   Bivariate Correlations (Cronbach’s Alphas) 

Variable M SD PWB  PA    NA   BIS BAS MAp MAv  PAp PAv F8-F7 FC6-FC5 

PWB 4.71 .55 (.79)           

PA 3.58 .65 .42** (.82)          

NA 1.77 .61 -.32** -.22* (.84)         

BIS 2.91 .55 -.29** -.15 .27** (.79)        

BAS 3.24 .35 .39** .36** .05 -.06 (.74)       

MAp 4.42 .48 .34** .33** .04 -.02 .36** (.70)      

MAv 3.67 .70 .08 .11 .06 -.12 .29* .16 (.45)     

PAp 3.97 .60 .14 .16 .07 .00 .19* .16 .07 (.52)    

PAv 3.75 .85 -.07 .02 .07 .14 .02 -.04 .12 .62** (.78)   

F8-F7 ‒ ‒ .19 .20* -.22* .08 .05 .04 .10 -.15 -.18* ‒  

FC6-FC5 ‒ ‒ .26* .09 -.24* -.09 .01 -.03 .04 -.02 -.02 .58** ‒ 
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3.3 Hypothesis Testing 

The purpose of this study was to examine six frontal EEG asymmetry indices 

(FP2-FP1/F4-F3/F8-F7/AF4-AF3/FC2-FC1/FC6-FC5), behavioural approach and 

avoidance systems (BIS/BAS), and mastery-approach (MAp) and performance-

avoidance (PAv) goal orientations as predictors of eudaimonic and hedonic well-being. 

This purpose was examined by using standard multiple regressions. A second purpose 

was to test a proposed moderated mediation model in which (1) the goal orientations 

were expected to mediate the relative relationship between the BIS/BAS and both forms 

of well-being and (2) indices of frontal EEG asymmetry were predicted to moderate the 

effects of goal orientations on eudaimonic and possibly hedonic well-being. Following 

regression analyses, this second purpose was tested by performing a series of 

conditional process analyses using the PROCESS macro for SPSS (Hayes 2013, 2018). 

The choice for this analytical approach over traditional methods (i.e., Baron and Kenny 

1986) was to provide a more complete understanding of the factors that influence well-

being by integrating moderation and mediation into a single analytical model (Hayes 

2009). A p-value of .05 was considered significant for all statistical testing. 

3.4 Standard Multiple Linear Regression Analyses 

Standard multiple linear regressions were computed using the enter method in 

IBM SPSS Statistics for Windows v22.0 software (IBM Corp., Armonk, NY, USA). 

Table 3 shows the results from the regression analyses. Results for the regression 

coefficients were partially consistent with simple correlations (see Table 2). Of the six 

frontal EEG asymmetry indices, only FC6-FC5 predicted unique variance in PWB. 

Frontal EEG asymmetry did not predict PA and NA. 

Additional analyses showed that the BIS and BAS accounted for a significant 

variance of 22.4% in PWB (Adj. R2 = .21), F(2, 97) = 13. 98, p < .001; 15% in PA (Adj. 

R2 = .13), F(2, 97) = 8. 36, p < .001; and 8% in NA (Adj. R2 = .06), F(2, 97) = 4. 15, p < 

.02. The BAS weak to moderately and positively predicted both PWB and PA. The BIS 

weakly and negatively predicted PWB but weakly and positively predicted NA.  

Of the goal orientations, MAp and PAv explained 12% of the unique variance in 

PWB (Adj. R2 = .10), F(2, 97) = 6.32, p < .01 and 11% of the unique variance in PA 

(Adj. R2 = .10), F(2, 97) = 6. 17, p < .01 but accounted for a non-significant 0.7% 

variance in NA (Adj. R2 = -.01), F(2, 97) = .34, p > .05. Of the two, only MAp was a 
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weak, positive predictor of PWB, B = .38, β = .33, t(97) = 3.48, p < .001 and PA, B = 

.45, β = .34, t(97) = 3.51, p < .001. None of the goals significantly predicted NA. 

Table 3 

Multiple Regressions of Superior Frontal EEG Asymmetry, the BIS/BAS, and MAp/PAv 

Goal Orientations on Eudaimonic (PWB) and Hedonic (PA/NA) Well-Being (N = 100) 

 

Note. N = 100. *p < .05, **p < .01, ***p < 001 

3.5 Conditional Process Analysis: Second Stage Moderated Mediation 

A series of conditional process analyses were conducted on each component of 

the proposed second stage moderated mediation model (Hayes 2013, 2018). The 

analyses were computed using the bootstrap method with bias-corrected confidence 

intervals (CIs; MacKinnon, Lockwood, Williams 2004; Preacher and Hayes 2004). The 

95% CI of the indirect effects was obtained with 5000 bootstrap samples (Preacher and 

Hayes 2008). All variables were continuous and mean centred prior to analysis. 

3.5.1 Eudaimonic Well-Being 

A series of second stage moderated mediation analyses were performed using 

each frontal EEG asymmetry index as a moderator. Model A (see Figure 3) tested the 

effects of the BAS on PWB through MAp as a linear function of prefrontal (FP2-FP1) 

Predictors B B95%CI β t 

Predicting PWB 

FC6-FC5 1.97 .49 < > 3.45 .36 2.64** 

BAS .61 .32 < > .89 .38 4.21*** 

BIS -.27 -.45 < > -.09 -.27 -.96** 

MAp .38 .16 < > .60 .33 3.48*** 

PAv -.04 .57 < > -.16 -.06 -.57 

Predicting PA 

FC6-FC5 .10 -1.67 < > 1.86 .02 .11 

BAS .67 .32 < > 1.02 .36 3.78*** 

BIS -.15 -.37 < > .07 -.13 -1.35 

MAp .45 .20 < > .70 .34 3.51*** 

PAv .02 -.12 < > .17 .03 .33 

Predicting NA 

FC6-FC5 -1.52 -3.14 < > .09 -.26 -1.87 

BAS .11 -.23 < > .45 .06 .63 

BIS .31 .09 < > .52 .28 2.84** 

MAp .05 -.20 < > .30 .04 .39 

PAv .05 -.09 < > .20  .08 .75 



68 

 

 

 

c’ path = .31** (.39***) 

(.39***) 

EEG asymmetry. Based on the initial results from the standard multiple regressions, the 

predictive effects of FC6-FC5 asymmetry index and the BIS were controlled for in each 

step of the analysis. Model B (see Figure 4) tested the same effects but this time the 

mid-frontal (F4-F3) EEG asymmetry index was included as a moderator. No significant 

indices of moderated mediation were found across other frontal brain regions. 

 

 

                                           

                                               

            

 

                  

 

 

 

 

 

 

 

 

 

 

Figure 3. Model A. The second stage moderated mediation model showing the 

conditional indirect effect of behavioural approach system (BAS) on eudaimonic well-

being (PWB) through mastery-approach goal orientation (MAp) as a linear function of 

prefrontal (FP2-FP1) EEG asymmetry. 
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c’-path = .33*** (.39***) 

(.39***) 

  

 

 

                                           

                                               

            

 

                  

 

 

 

 

 

 

 

 

 

Figure 4. Model B. The second stage moderated mediation model showing the 

conditional indirect effect of behavioural approach system (BAS) on eudaimonic well-

being (PWB) through mastery-approach goal orientation (MAp) as a linear function of 

mid-frontal (F4-F3) EEG asymmetry. 

Note. *p < .05, p** < .01, p*** < .001. Statistical models are adapted from Hayes 

(2013). All effects are standardised. Conditional indirect effect of X on Y through Mi = 

ai (b1i + b3iV). Direct effect of X on Y = c’ where X = independent variable; Y = 

outcome variable; Mi = mediator; V = moderator. Conditional direct and indirect effects 

are presented first. Unmoderated and unmediated effects are presented in brackets. 

In Step 1, the direct effect of BAS on PWB (c’ path) was significant after 

ignoring the mediator (MAp) and moderator (FP2-FP1/Model A; F4-F3/Model B) and 

controlling for FC6-FC5 and the BIS, R2 = .28, B = .63, β = .39, t(96) = 4.22, p < .001.   

Step 2 of the process analysis showed that the BAS was a significant predictor 

of MAp in both models (ai path) after controlling for the two covariates, R2 = .13, B = 

.50, β = .36, t(96) = 3.74, p < .001.  

In Step 3, MAp significantly predicted PWB in both models (b1i path) after 

ignoring the moderator and controlling for the covariates, R2 = .28, B = .39, β = .34, 

t(96) = 3.79, p < .001. 

Step 4 revealed a significant interaction between MAp and FP2-FP1 in Model A, 

B = -3.19, β = -.32, t(93) = - 3.09, p < .01 and between MAp and F4-F3 in Model B, B = 

-4.20, β = -.27, t(95) = -2.69, p = .01 (b3i-path). In Model A, FP2-FP1 became a 
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significant predictor of PWB, B = 1.22, β = .26, t(93) = 2.53, p = .01 (b2-path), whereas 

MAp was no longer a significant predictor, B = .15, β = .13, t(93) = 1.44, p = .15 (b1i-

path). A reverse pattern of results was observed in Model B. F4-F3 did not significantly 

predict PWB, B = .13, β = .02, t(93) = .17, p = .87, whereas the effect of MAp reduced 

but remained significant, B = .21, β = .19, t(93) = 2.07, p = .04. Indirect effects of MAp 

on PWB were further analysed for individuals with dominant left (+1 SD) and dominant 

right (-1 SD) prefrontal EEG asymmetry. Bilateral EEG asymmetry (Mean) was only 

used as a control condition and was, therefore, excluded from further analysed. In both 

models, the effects were only significant for right (Model A: B = .52, CI = .30 to .75; 

Model B: B = .52, CI = .30 to .74) but not for left (Model A: B = -.22, CI = -.46 to .02; 

Model B: B = -.09, CI = -.31 to .13) prefrontal and mid-frontal EEG asymmetry. Further 

examination of the interaction plots (see Figure 5) shows that when the right prefrontal 

and mid-frontal EEG asymmetry is dominant then, as MAp goal orientation increases, 

its predictive effects on PWB also increase. In contrast, when the left prefrontal and 

mid-frontal EEG asymmetry is dominant then, as MAp goal orientation increases, its 

predictive effects on PWB decrease but remain statistically non-significant. 

Simple analyses were performed to further investigate the moderating effects of 

prefrontal and mid-frontal EEG asymmetry without controlling for the covariates. As 

shown in Figure 6, a stronger pattern of results emerged confirming the above effects 

for right (Model C: B = .72, CI = .44 to 1.00; Model D: B = .62, CI = .31 to .93) but not 

for left (Model C: B = -.20, CI = -.59 to .19; Model D: B = .10, CI = -.25 to .46) EEG 

asymmetry over the prefrontal and mid-frontal regions.  

Finally, Step 5 of the conditional process analysis confirmed a significant index 

of moderated mediation in both Model A (B = -1.60; CI = -3.63 to -.46) and Model B (B 

= -2.10; CI = -5.00 to -.56). Figure 5 and Figure 6 show that the effect of the BAS on 

PWB reduced but remained significant (Model A: B = .50, β = .31, t(93) = 3.57, p = 

.001; Model B: B = .53, β = .33, t(93) = 3.69, p < .001), suggesting only a partial 

mediation of MAp. The results of the moderated mediation showed that the indirect 

effect of the BAS on PWB through the partial mediation of MAp was negatively 

moderated by right (but not left) prefrontal and mid-frontal dominant EEG asymmetry. 
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Figure 5. Simple slopes for the interaction between mastery-approach goal orientation and eudaimonic well-being for dominant left (+1 

SD) and right (-1 SD) prefrontal FP2-FP1 (Model A) and mid-frontal F4-F3 (Model B) EEG asymmetry, after controlling for covariates. 

Note. Significant interactions between mastery-approach goal orientation and frontal EEG asymmetry are denoted by asterisks (p < .05). 
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Figure 6. Simple slopes for the interaction between mastery-approach goal orientation and eudaimonic well-being for dominant left (+1 

SD) and right (-1 SD) prefrontal FP2-FP1 (Model C) and mid-frontal F4-F3 (Model D) EEG asymmetry, prior to controlling for covariates. 

Note. Significant interactions between mastery-approach goal orientation and frontal EEG asymmetry are denoted by asterisks (p < .05).
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c’-path = .29** (.37***) 

3.5.2 Hedonic Well-Being 

Further analyses revealed no significant indices of moderated mediation for PA 

and NA, all p values > .05. As initial multiple regression analyses showed that paths a 

and b were significant (see Figure 7), simple mediation analyses were tested using the 

bootstrap method with bias-corrected CIs (MacKinnon, Lockwood, Williams 2004; 

Preacher and Hayes 2004). The 95% CI of the indirect effects was obtained with 5000 

bootstrap samples (Preacher and Hayes 2008). F8-F7 was included as a covariate in 

each step of the analysis as it was the only EEG asymmetry index that significantly 

correlated with PA. In Step 1, the regression of the BAS on PA was significant when 

the mediating MAp goal orientation was ignored, B = .70, β = .37, t(97) = 4.04, p < 

.001. Step 2 revealed that the regression of BAS on MAp was also significant, B = .50, 

β = .36, t(97) = 3.80, p < .001. Step 3 showed that the mediating MAp goal orientation 

was significant when controlling for the BAS and F8-F7, B = .30, β = .22, t(96) = 2.29, 

p = .02. Results confirmed MAp goal orientation as a mediator in the relationship 

between the BAS and PA (B = .15; CI = .03 to .31). In Step 4, the direct effect of the 

BAS on PA reduced but remained significant when MAp and F8-F7 were controlled 

for, B = .55, β = .29, t(96) = 3.03, p < .01. These results indicate only partial mediation. 

 

 

 

                                           

                                               

            

 

                  

 

 

 

Figure 7. The mediation model showing the conditional indirect effect of the BAS on 

PA through MAp. 

Note. *p < .05, p** < .01, p*** < .001. Statistical models are adapted from Hayes 

(2013). All effects are standardised. Relative indirect effect of X on Y through Mi = (a1 

bi… ak-1 bi). Relative direct effect of X on Y = c’1… c’k-1) where X = independent 

variable; Y = outcome variable; Mi = mediator. Indirect effect is shown first. Direct 

effect is shown in brackets.
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4. Discussion 

The present study predicted levels of eudaimonic and hedonic well-being by 

triangulating motivational, bio-behavioural, and psychophysiological variables. The 

overall aim was to contribute to the development of positive neuroscience and provide a 

better understanding of the factors underlying well-being. Scant research has examined 

the neural correlates of positive psychological functions using frontal EEG asymmetry 

to predict eudaimonic and hedonic well-being in mature adults (Urry et al. 2004). 

Research shows that stable individual differences in relative prefrontal EEG activation 

are not indicative of hedonic tone (positive or negative) per se but are instead related to 

the propensity to exhibit stable approach-related (left hemisphere) or withdrawal-related 

(right hemisphere) motivational tendencies in the event of appropriate sources of 

stimulation (Davidson et al. 1990; Harmon-Jones and Allen 1997; Sutton and Davidson 

1997). The nature of prefrontal EEG asymmetry has been further explained in terms of 

Gray’s (1987) biopsychological model of emotion (see Coan and Allen 2004 for a 

review). Some attempts have been made to associate the BIS/BAS with achievement 

goals (Elliot and Thrash 2002) and hedonic (subjective) well-being (i.e., PA and NA) 

but links have yet to be extended to eudaimonic (psychological) well-being (see Carver 

and White 1994; Erdle and Rushton 2010; Updegraff et al. 2004). Moreover, studies 

examining eudaimonic and hedonic well-being have largely overlooked associations 

with more contemporary models of achievement goals such as the 2x2 AGT model 

(Elliot 1999; Elliot and McGregor 2001). To address these gaps and build on the work 

of Urry et al. (2004), the current study employed a triad of motivational (achievement 

goal orientations), bio-behavioural (BIS/BAS), and neurophysiological (frontal EEG 

asymmetry) variables to predict the eudaimonic and hedonic well-being of students. 

4.1 Frontal EEG Asymmetry as a Predictor of Well-Being 

The first hypothesis stated that individual differences in frontal EEG asymmetry 

would predict eudaimonic and hedonic well-being. The present findings are consistent 

with minimal literature in this area that has associated left superior frontal EEG 

activation with higher levels of eudaimonic and hedonic well-being in older adults 

(Urry et al. 2004). As no direct relationship was identified between the BIS/BAS and 

frontal EEG asymmetry (e.g., Sutton and Davidson 1997), explanations of why 
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activation over a posterior region of the superior frontal cortex predicted only 

eudaimonic well-being focus largely on its dynamic complexity in the pursuit of more 

stable and meaningful psychological experiences. It appears that individuals with tonic 

left frontocentral activation are more likely than individuals with tonic right 

frontocentral activation to experience eudaimonic, than hedonic, well-being.  

One possible explanation is that a set of higher-order neurobiological structures 

that are attributed to activity in specific brain regions could activate the eudaimonic 

neural circuits. It is noted that neural regions associated with the ‘default network’ (see 

Buckner, Andrews-Hanna, and Schacter 2008; Gusnard, Raichle, and Raichle 2001), 

particularly the anterior cingulate, orbitofrontal, and medial prefrontal cortices, have 

also been associated with eudaimonic well-being (Kringelbach and Berridge 2009). 

Eudaimonic well-being may be related to activity in the anterior cingulate and left 

prefrontal cortices, possibly through the ability to supress negative emotions (Urry et al. 

2004; Urry et al. 2006; van Reekum 2007). Mention of the default network provides 

speculation for potential interactions of hedonic and eudaimonic neural circuits 

(Kringelbach and Berridge 2011). Research suggests that by engaging in eudaimonic 

pursuits, hedonic well-being may also be attained as a by-product (Vella-Brodrick, 

Park, and Peterson 2009). However, understanding of how these networks connect 

evaluations of life meaningfulness with pleasurable states of hedonia remains unknown 

and this area is yet to be explored in future positive neuroscientific research. Although 

further exploration into the possibility of connecting eudaimonic and hedonic brain 

networks is needed, the present findings show that (1) activation of the superior frontal 

cortex is involved in the prediction of eudaimonic well-being and (2) the left superior 

frontal region is more important for attaining eudaimonic well-being than the right. 

 

4.2 BIS/BAS and Goal Orientations as Predictors of Well-Being 

The hypothesis that the BIS would negatively predict and the BAS would 

positively predict eudaimonic and hedonic well-being was also supported. The present 

findings support previous evidence in this area (e.g., Carver and White 1994; Sutton and 

Davidson 1997; Updegraff, Gable, and Taylor 2004) and suggest that individuals high 

in BAS achieve higher levels of well-being than individuals high in BIS. Similarly, a 

mastery-approach goal orientation positively predicted eudaimonic well-being and 

positive affect but not negative affect. Thus, the positive emotions linked with mastery-
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approach orientations appear stronger than the negative emotions associated with a low 

mastery-approach orientation.  

A performance-avoidance orientation did not significantly predict well-being. 

While mastery-approach goals have been associated with successful student learning as 

well as positive affect and favourable achievement outcomes, performance-avoidance 

goals have been negatively related to successful student learning and either related or 

unrelated to negative affect and unfavourable achievement outcomes (see Moller and 

Elliot 2006 for a review). However, this variable-centred approach to achievement 

motivation does not take into account mutually occurring goal orientations or goal 

profiles. Consistent with past work in this area (Sideridis 2003, 2005), performance-

avoidance goals appear to be less important for achieving general indices of well-being, 

unless perhaps paired with mastery goals (e.g., Daniels et al. 2008; Pintrich 2000; 

Sideridis 2005; Tuominen-Soini, Salmela-Aro, and Niemivirta 2008). The multiple-goal 

perspective is a person-centred approach to achievement motivation that asserts a 

combination of mastery and performance-approach goal orientations can be beneficial 

in achievement settings (Barron and Harackiewicz 2001). Future research is encouraged 

to investigate links with well-being by adopting multiple profiles of goal orientation. 

4.3 An Integrated Neuropsychological Model of Well-Being 

One reason that the BIS/BAS and frontal EEG asymmetry were explored 

together was that these variables enabled the researcher to test a hypothesised 

moderated mediation model. The proposed model assumes that the BIS/BAS and goal 

orientations have different functions in the motivational process. The present study 

found evidence for the predictive effects of the BAS on eudaimonic and the positive 

affective component of hedonic well-being through the partial mediation of mastery-

approach goal orientation. These findings support the view of the BIS and BAS as 

temperamental tendencies that energise or instigate valenced propensities, whilst the 

goals are viewed as ‘specific, cognitive forms of regulation that give focus and direction 

to these general propensities’ (Elliot and Thrash 2002: 806; see also Bjørnebekk and 

Diseth 2010). This interpretation presents the possibility that mastery-approach goals 

serve as cognitive channels for the general propensities evoked by the BAS in the 

pursuit of more positive affect and eudaimonic experiences. Given the research 

indicating that the prefrontal cortex is involved in the pursuit of such goals (Miller and 
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Cohen 2001), the current study builds on the proposed psychological model of well-

being by providing an integrated model of the underlying neural mechanisms. 

As the approach-avoidance distinction is central to the proposed model of well-

being, this study also sought to examine the predictive effects of goal orientations on 

well-being as moderated by frontal EEG asymmetry. Whilst there is a lack of EEG 

studies that relate to the link between goal orientations and well-being, this study 

revealed that right- but not left-dominant prefrontal and mid-frontal brain asymmetry 

significantly moderated the relationship between a mastery-approach goal orientation 

and eudaimonic well-being. Mastery-approach oriented individuals with right-dominant 

prefrontal and mid-frontal brain asymmetry may be able to attain higher levels of 

eudaimonic well-being. However, a mastery-approach orientation appears to have no 

effects on eudaimonic well-being for individuals with dominant left hemisphere 

activity. In line with the approach-withdrawal model (Davidson et al. 1990), individual 

differences in relative prefrontal and mid-frontal activation could relate to stable 

dispositional approach (left hemisphere) or withdraw (right hemisphere) motivational 

tendencies in the face of appropriate sources of stimulation (e.g., Harmon-Jones and 

Allen 1997; Sutton and Davidson 1997). For example, individuals with a mastery-

approach orientation generally work hard, persist in the face of failure, take risks, and 

put in extra effort, all in the pursuit of mastering a task (Harackiewicz et al. 2008). 

However, too much emphasis on a mastery-approach orientation may have little or no 

beneficial impact on eudaimonic well-being in individuals with dominant left brain 

activity. In contrast, individuals with dominant right brain activity who are more prone 

to negative affect and withdrawal behaviour (e.g., Davison 1993) may attain higher 

levels of eudaimonic well-being when a mastery-approach orientation is emphasised.     

Research has shown the importance of boundary goals (i.e., the minimal level of 

individual performance) in achievement motivation processes (Corker and Donnellan 

2012). Teachers’ understanding of emphasising a mastery-approach orientation in the 

classroom can help promote eudaimonic well-being in students. Mastery-approach 

instructions create levels of aspiration in students that are higher than their boundary 

goals. If excessive, these heightened demands may inhibit the experience of eudaimonic 

well-being. The present findings provide partial support for the proposed model that 

moderated mediation would be significant for eudaimonic but not hedonic well-being. 
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Altogether, the findings indicate that individuals high in BAS and a mastery-approach 

orientation are more likely to attain eudaimonic, than hedonic, well-being. Regions of 

the right prefrontal and mid-frontal cortices are active during the achievement goal 

process and these regions appear to function as part of the neural eudaimonic network 

that is at least in part, activated by the BAS and mastery-approach goal pursuits. 

4.4 Limitations and Future Directions 

The current findings provide initial evidence for the predictive effects of the 

BAS, mastery-approach goal orientation, and left-dominant frontal brain asymmetry on 

hedonic and particularly eudaimonic well-being. Nevertheless, there are limitations that 

could be addressed in future research. The first issue was related to the low internal 

consistency of the mastery-avoidance and performance-approach goal constructs. 

Although some authors have called for the development of measurement instruments to 

capture mastery-performance and approach-avoidance goals in educational settings 

(Elliot and Murayama 2008), future research could strengthen global 2x2 measures of 

goal orientations with more suitable levels of internal consistency. Broader measures of 

goal orientations are warranted for comparisons with global indices of well-being and 

brain asymmetry. Research has also begun to employ multiple goal approaches (for 

example, combinations of high mastery-approach and high performance-approach goal 

profiles; see Linnenbrink 2005) to predict variability in well-being. How different goal 

orientation combinations relate to neural correlates of eudaimonic and hedonic well-

being in various applied contexts such as education could be another useful line of 

inquiry to further unravel the complex dynamics of achievement motivation. 

Another future development could be to investigate developmental trends in the 

study variable. Whilst it was not an aim of the current study to investigate age-related 

differences in frontal brain asymmetry, this could prove to be a worthy line of study. 

Previous research has shown that cognitive changes in frontal structure (Coffey et al. 

2001) and function (Kolev et al. 2002) with advancing age may have important 

implications for general indices of well-being. It is possible that the experience of 

eudaimonic and hedonic well-being may be partly influenced by an age-related increase 

in left-dominant frontal EEG activity (Urry et al. 2004). Future work in this area is 

encouraged to investigate any age-related differences in asymmetric frontal activation 

by systematically using a broad range of ages.  
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The influence of the superior frontal cortex on eudaimonic well-being also 

requires further investigation. It is unclear why neural links from the current findings 

were limited to activation in the frontocentral region. This part of the frontal cortex is 

more posterior than the prefrontal region which is typically associated with positive and 

negative affect in previous studies (Davidson 2004b; Sutton and Davidson 2000). At 

least one study to date has found direct evidence for the relationship between left 

superior frontal EEG asymmetry and hedonic and eudaimonic well-being (Urry et al. 

2004). These links are largely independent from those observed for hedonic well-being 

(Ryff, Singer, and Dienberg Love 2004), suggesting that distinct neural networks reflect 

eudaimonia. However, a major challenge for researchers is the identification of discrete 

and specific neural networks underlying hedonic and eudaimonic well-being. Future 

longitudinal studies could advance current knowledge of changes in the frontal cortex 

using functional neuroimaging techniques (i.e., fMRI) to localise structural and 

functional regions associated with fluctuations in eudaimonic and hedonic well-being. 

4.5 Theoretical and Applied Implications 

Despite these limitations, the current findings are notable for their consistency 

with past work and theory. The proposed model encourages the use of neurocognitive 

(EEG) methods to drive psychological research that aims to link frontal brain 

asymmetry with the BIS/BAS, achievement goal orientations, and well-being. For 

example, the present work can advance the development and refinement of models of 

brain asymmetry in emotional processing. Further, the present model supports the use of 

neurocognitive research for the study of well-being by providing a framework that 

incorporates an empirical triangulation of motivational, bio-behavioural, and 

psychophysiological factors. When conducting research aimed at understanding the 

neural correlates of well-being, researchers should be aware of the individual 

differences in dispositional sensitivity (i.e., BIS/BAS) and achievement goal 

orientations (i.e., mastery approach/performance avoidance) as well as the specific 

regions in the frontal cortex (i.e., frontocentral/prefrontal/mid-frontal) that are 

associated with the experience of eudaimonic and hedonic well-being.  

A second key finding was the role of the BAS and a mastery-approach goal 

orientation in predicting well-being. Achievement goals are referred to as cognitive 

channels that give focus and direction to approach or avoidance tendencies and add a 
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flexible and strategic element to behavioural regulation (Elliot and Thrash 2002). In line 

with the present findings, students with dispositional sensitivity to approach behaviour 

are more likely to adopt a mastery-approach orientation and attain higher general 

indices of psychological well-being. Teachers can influence whether students adopt a 

mastery-approach goal orientation through the use of appropriate motivational climates 

that facilitate psychological well-being in the classroom (Ames and Ames 1989). 

Developing a mastery-approach learning focus could have a long-lasting positive impact 

on students’ psychological well-being, perhaps even when the intervention is 

withdrawn. Policy-makers can structure curricula, programmes, and tasks around 

mastery-approach development plans and identify strategies for promoting approach-

related behaviours. Individuals across disciplines could also benefit from this research 

which seeks to further understanding of what makes life meaningful and worth living. 

5. Conclusions 

The present study is an initial attempt to predict levels of well-being by drawing 

on nuanced psychological conceptualisations of eudaimonia and hedonia and 

triangulating motivational, bio-behavioural, and psychophysiological variables. This 

integrated model benefits from collating previously unconnected areas of literature 

including psychological and electrophysiological lines of research. Results showed that 

left frontocentral activity predicted eudaimonic well-being, while a mastery-approach 

goal orientation and the BAS were individual predictors of eudaimonic and hedonic 

well-being. Conditional process analyses revealed that the right prefrontal and mid-

frontal regions moderated the effects of mastery-approach orientation on eudaimonic 

but not on hedonic well-being, while a mastery-approach orientation partially mediated 

links between the BAS and both forms of well-being. It appears that the experience of 

well-being emanates from the interplay between motivational, bio-behavioural, and 

psychophysiological variables. Future research is encouraged to advance understanding 

of the links between psychological and neural factors underlying well-being in the hope 

that future practitioners can understand what makes a life meaningful and worth living.
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The Effect of Achievement Motivation on Attention, Problem 

Solving, Brain Activation, and Well-Being
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Abstract 

This research comprised of two experimental designs that aimed to investigate the 

influence of the 2x2 achievement goal framework on a range of cognitive, behavioural, 

electrophysiological, and self-report variables. In Experiment 1, dimensions of 

motivation were examined with a broad measure of attentional networks, a behavioural 

index of perceptual asymmetry, and levels of affective responses. In experiment 2, the 

effects of motivation on attention were re-tested along with measures of problem 

solving, frontal EEG asymmetry, hedonic and eudaimonic well-being. A series of mixed 

factorial ANOVAs assessed (1) speed and accuracy responses to the Attention Network 

Test for Interactions-Vigilance (ANTI-V), (2) number of moves and solution time on 

the Tower of Hanoi (ToH) puzzle, (3) indices of relative brain activation during line 

bisection and baseline EEG, and (4) well-being scores. Experiment 1 included a sample 

of 163 undergraduate students (n = 41 males, n = 121 females; Mage = 19.66 years). 

Experiment 2 included 100 undergraduate students (n = 42 males, n = 58 females; Mage 

= 21.18 years). Results from both experiments indicated performance on the attention 

and problem-solving tasks was better in the approach conditions and particularly 

mastery-approach compared to the avoidance conditions and particularly performance-

avoidance. Dimensions of approach motivation were associated with relative left 

prefrontal activation and higher levels of positive affect and eudaimonic well-being. The 

performance-avoidance condition was linked with relative right prefrontal activation 

and higher levels of negative affect but lower levels of positive affect and eudaimonic 

well-being. The results are discussed in relation to the effects of achievement 

motivation, previous studies, limitations of the design, and applications of the findings.
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1. Introduction 

Cognitive processes allow us to explore the world. Attention is viewed as a 

complex cognitive process of linked neural networks that function in selecting, 

orienting, and sustaining the focus of attention on certain stimuli (Posner and Rothbart 

2007). Effective learning is dependent on orientating, selecting, and sustaining attention 

on appropriate environmental stimuli using adaptive cognitive strategies. Attention and 

learning are central to optimal daily functioning so their importance in settings that are 

designed specifically for learning has led to a growing area of research in areas such as 

education (Alexander, Entwisle, and Dauber 1993; Hidi 1995; McClelland, Morrison, 

and Holmes 2000; Risko et al. 2012; Rudasill, Gallagher, and White 2010; Yen, 

Konold, and McDermott 2004). It is suggested that students who are motivated to 

regulate their attention through adaptive cognitive strategies may readily engage in 

learning activities and achieve high academic success (Duncan et al. 2007; Vermunt and 

Vermetten 2004). However, problems occur in all domains of human life including 

learning and achievement. Problem solving is a higher-order cognitive process that 

involves the identification and selection of solutions to the problem (Mayer 1992). 

Social cognitive psychologists have tried to understand the influence of achievement 

motivation on students’ ability to problem solve in areas such as education (Dweck 

1999, Elliot and Harackiewicz 1996). Again, it is suggested that motivated students 

understand how to regulate their learning through the use of adaptive metacognitive 

strategies (Garcia and Pintrich 1994; Vollmeyer and Rheinberg 1999, 2000). Therefore, 

it is important to understand the regulatory mechanisms of motivation in order to 

identify adaptive motivational types with regard to cognitive functioning.  

One theory of motivation that has been applied to predict patterns of use of 

cognitive and metacognitive strategies is the 2 (mastery or performance) x 2 (approach 

or avoidance) framework of Achievement Goal Theory (AGT; Elliot 1999; Elliot and 

McGregor 2001; Elliot and Murayama 2008). The 2x2 goal framework has been 

extensively studied in the past two decades and has become a popular model for 

conceptualising students’ achievement motivation (see Moller and Elliot 2006 for a 

review). In recent years, psychologists and neuroscientists have sought to elucidate the 

links between motivation and neural substrates of emotion. Studies using behavioural 

and electrophysiological (e.g., EEG) methods have shown that approach-related 
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affective arousal (e.g., elation), positive personality traits (e.g., BAS), and high levels of 

well-being (e.g., positive affect and eudaimonia) are associated with relative left brain 

activation. In contrast, avoidance-related affective arousal (i.e., fear), negative 

personality traits (e.g., BIS), and low levels of well-being (e.g., negative affect) are 

associated with relative right brain activation (Davidson 1992b, 1995; Davidson and 

Tomarken 1989; Friedman and Förster 2005b; Urry et al. 2004; see Coan and Allen 

2003a for a review). All these disciplines bring their own methodological traditions and 

competences to the study of motivation and provide a basis for an integrated approach 

to achievement goals with possible links to cognitions, neural activity, and well-being. 

1.1 Cognitive, Affective, and Psychophysiological Variables 

1.1.1 Attention 

One way of conceptualising attention is through Cognitive Information 

Processing theory (CIP; Broadbent 1958). According to CIP theory, learning occurs 

through the development of attentional networks analogous to computer processors. The 

human brain is linked to a computational system with a limited capacity to store and 

process complex information. Behaviour is considered to be goal-directed (Markman, 

Baldwin, and Maddox 2005) and attention assists the computational systems in staying 

focused on information relevant to achieving an active learning goal (Dyne, Taylor, and 

Boulton-Lewis 1994). Motivation to achieve a goal is not conceptualised as an innate 

set of psychological processes but as a purposive and persistent set of learning 

behaviours based on the information available. Thus, practitioners should apply these 

motivational principles to adaptive learning-engaging strategies that optimise student 

attention and performance across a range of individual capabilities and contexts. 

Attention is conceived as a modular system of three neural networks termed 

alertness, orientation, and executive control (Fan, Raz, and Posner 2003; Peterson and 

Posner 2012; Posner and Peterson 1990; Posner and Rothbart 2007, 2014). These 

attentional networks are involved in the regulation of human thoughts, feelings, and 

behaviours. The alerting network achieves and maintains a state of high sensitivity to 

incoming stimulus. Sustained attention or vigilance (tonic alertness) coupled with the 

response readiness evoked by exogenous stimuli (phasic alertness) are functions of the 

alerting network. The orientation network involves selectively attending to external 

sensory signals. The executive network is known as the control centre of attention and it 
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is involved in the monitoring and resolution of conflict between computations in 

different neural areas (Botvinick et al. 2001). Research on the attentional networks has 

great potential in applied contexts such as education where attention and retention of 

incoming information are vital for academic success. 

Based on this neurocognitive model of attention, Fan et al. (2002) developed the 

Attention Network Test (ANT) to assess the functioning of the three networks within a 

single task. The ANT combines a cuing task (Posner 1980) and a flanker task (Eriksen 

and Eriksen 1974). The Attention Network Test for Interactions (ANTI) is a variation of 

the original ANT that provides more independent measures of phasic alertness and 

orientation (Callejas, Lupiáñez, and Tudela 2004; Callejas et al. 2005). Recently, Roca 

et al. (2011, 2012) validated a further variation of the ANTI known as the Attention 

Network Test for Interactions and Vigilance (ANTI-V) in which a measure of vigilance 

is added. The ANTI-V (1) provides a direct measure of vigilance, (2) helps interpreting 

the phasic alertness score, and (3) controls for differences in tonic alertness (see Posner 

2008). The ANT and ANT-I have been used in a variety of populations, including 

children, healthy adults, and clinical patients (Ishigami and Klein 2010; Ishigami et al. 

2016; see MacLeod et al. 2010 for a review). Despite limited experimental work, the 

ANTI-V provides a better integrated measure of attention that can be compared across 

networks. It is important to investigate other types of cognitive processes in addition to 

attention in order to better understand all aspects of cognitive functioning. 

1.1.2 Problem Solving 

Another central focus for cognitive scientists is the ability to solve complex 

problems. Early theories focused on understanding problem-solving strategies observed 

in humans. The standard theory of problem solving explains how humans respond to 

unfamiliar tasks to construct complex problem solutions. The theory was initially 

developed by Newell, Shaw, and Simon (1958) and extended over the next 20 years 

(Langley and Rogers 2005). Early work (e.g., Fikes and Nilsson 1971; Green 1969) 

focused on abstract problems like proving theorems in propositional logic and solving 

algorithmic tasks. Recent advancements in models of self-regulated learning underlie 

the importance of motivation for higher-order processing mechanisms such as problem 

solving (Boekaerts, Pintrich, and Zeidner 2000; Dai and Sternberg 2004). Thus, 
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research examining the impact of motivation on problem-solving behaviour is important 

to inform practitioners on the nature of the relationship between these variables. 

One way to understand how individuals solve problems is to focus on issues of 

strategy selection. Research on problem solving (e.g., Fum and Del Missier 2001) has 

tended to identify cognitive strategies underlying successful performance on related 

tasks. A classic example of a problem-solving task is the Tower of Hanoi (ToH). The 

ToH is a logical puzzle that measures ‘the ability to maintain an appropriate problem 

solving set for attainment of a future goal’ (Welsh and Pennington 1988: 200). Several 

models have been proposed to stimulate performance on the ToH (e.g., Altmann and 

Trafton 2002; Anzai and Simon 1979). Evidence suggests that the ToH may tap 

frontally-mediated executive functions such as spatial working memory (Handley et al. 

2002) as well as inductive reasoning and formal operational thought (Emick and Welsh 

2005). Welsh and Huizinga (2005) found that strategy knowledge is an important 

individual difference variable that facilitates the problem solution relatively early in the 

task. Initial planning may enhance task performance but only when problems are 

relatively simple (Davies 2003). An effective problem-solving strategy is to temporarily 

block the desired ending arrangement in order to free up discs necessary to achieve the 

goal pattern (Goel and Grafman 1995). Successful task performance therefore requires 

spatial planning of moves and speed to achieve the goal state. Given the abundance of 

models and strategies for solving complex disc-transfer problems, it seems important to 

identify motivational factors affecting the selection of goal strategies in this domain. 

1.1.3 Hedonic and Eudaimonic Well-Being 

Years of research in human emotion (e.g., Carver 2001; Russel 1980) have led 

to two-dimensional models of affect that incorporate valence and arousal dimensions 

(refer back to Chapter 2, Figure 2, page 15). Watson and Tellegen (1985) presented a 

circular structure analogous to Russell’s (1980) model of affect that emphasised the 

importance of positive and negative affective dimensions of valence. Dimensional 

models of emotion suggest that a common and interconnected neurophysiological 

system controls all affective states (Posner, Russell, and Peterson 2005). A starting 

point for defining well-being in mainstream positive psychology is the hedonic 

approach (hedonism). Hedonic well-being is the experience of pleasure as a subjective 

state that captures the presence of positive affect and the absence of negative affect 
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(Diener 1994). Thus, hedonic (or subjective) well-being is quantified by the ratio of 

positive affect to negative affect.  

In contrast, the eudaimonic approach is defined by life meaning and self-

realisation with well-being determined by one’s state of optimal psychological 

functioning (Ryan and Deci 2001). An alternative conceptualisation of eudaimonic 

well-being is psychological well-being (PWB) which is achieved as a result of a well-

lived life (Ryff 1989; Ryff and Singer 2008). PWB is based on a model of six core 

dimensions of eudaimonia: autonomy, environmental mastery, personal growth, positive 

relations with others, purpose in life, and self-acceptance (Ryff 1989; Ryff and Keyes 

1995). According to Waterman (2013), Aristotle considered eudaimonia as the highest 

of all goods achievable by human action in accordance with arête (i.e., virtue, 

excellence, and optimal development of human potential). Recent research has begun to 

move beyond investigating well-being and affect as separate phenomena towards 

understanding their complex interactions with motivational and neural processes. 

1.1.4 Brain Lateralisation of Affective Processing 

Greater understanding of well-being and affect was derived from EEG research 

on frontal brain asymmetry. Several models of brain asymmetry in affective processing 

have been proposed (see Demaree et al. 2005 for a review). Heller (1990, 1993) argued 

that the circumplex model of emotion could be explained biologically. The model posits 

that pleasant valence is associated with more left, than right, prefrontal activity and 

unpleasant valence is associated with more right, than left, prefrontal activity. This 

model resembles the two-dimensional model of valence proposed by Watson and 

Tellegen (1985). Theoretical accounts on the structure of emotion gave rise to the 

valence hypothesis whereby the pattern of hemispheric dominance depends on the 

emotional valence of the stimulus (Davidson 1995). In reference to the prefrontal cortex 

(PFC), the left hemisphere is dominant for processing positive emotions, whereas the 

right hemisphere is dominant for processing negative emotions. An extension of this 

model suggests that the origin of emotional brain asymmetry is based on the distinction 

between approach and withdrawal motivation (Davidson 1983, 1993, 1998; Davidson, 

Jackson, and Kalin 2000; Davidson and Tomarken 1983; Sutton and Davidson 1997). In 

the approach-withdrawal model, increased activation of the left PFC is associated with 

increases in appetitive, approach-related behaviour. In contrast, increased activation of 
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the right PFC is associated with increases in defensive, withdrawal-related behaviour. 

Better understanding of the neural bases of motivation may provide greater appreciation 

of the processes and conditions that best support learning and performance. 

1.2 Achievement Motivation 

A challenge for cross-disciplinary approaches is to establish a unified definition 

for motivation and how motivation can be operationalised in an experimental design. 

Whilst no unified definition exists, many researchers define motivation in the context of 

achievement as the cognitive-dynamic focus and intensity of effort in the pursuit of 

competence-relevant goals (see Elliot 2005 for a review). Originating in educational 

settings, one model that explains how people experience competence and how perceived 

competence influences their subsequent behaviours, cognitions, and affect is the 

Achievement Goal Theory (AGT). AGT initially centred on a dichotomous goal 

approach (Dweck 1986; Maehr and Nicholls 1980; Nicholls 1984). Ostensibly, 

individuals adopt varying levels of orthogonally related dispositional goal orientations. 

First, there are self-referenced mastery, learning, or task-focused goals where 

competence is experienced by improving on one’s own personal skills. Second, there 

are normatively referenced performance, ego-involving, ability-focused goals where 

competence is experienced by outperforming others. The theory was later extended to 

include approach and avoidance valences (Elliot and Church 1997; Elliot and 

Harackiewicz 1994). Approach goals focus on achieving positive outcomes, avoidance 

goals focus on avoiding negative ones (Elliot and McGregor 2001). The mastery-

approach, mastery-avoidance, performance-approach, and performance-avoidance goal 

orientations are commonly used in social cognitive approaches to achievement 

motivation. In addition to students adopting personal goal orientations, the theory also 

embraces social aspects of motivation in the form of the motivational climate (Ames 

1992) which reflects the goals that are emphasised in the social milieu. The interaction 

of personal and social goal structures leads to situational motivational involvement. 

1.2.1 Achievement Motivation and Attentional Networks 

Links between motivation and attention have been forwarded by CIP theory 

(e.g., Broadbent 1958), social cognitive theory (Bandura 1977a, 1977b, 1986), and 

specific conceptualisations of ‘motivated attention’ (Lang et al. 1997). Accordingly, 
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higher-order goals are considered integral to the control of attention. Evidence for the 

relationship between motivation and attention comes from experiments showing the 

impact of motivational states on the scope of attention. Derryberry and Tucker (1994) 

theorised that the arousal component of approach or avoidance motivational states is 

central to cognitive processes. States of affective arousal engender a ‘complex cognitive 

context’ that enables the processing of diverse material (see also Fredrickson 2001). 

Although attentional control is fundamental to cognitive processing of information, 

work in this area has been restricted to controlled laboratory experiments using basic 

theories of motivation and limited measures of attention. 

An eminent research question is whether approach-related motivational states 

enhance attentional control. Approach and avoidance cue manipulations have been 

shown to affect attentional executive control measured by the Stroop task (Friedman 

and Förster 2005b). The Stroop task is a recognised indicator of selective attention and 

task performance was significantly better in the approach condition compared to that in 

the avoidance condition. In that study, the motivation manipulation was to direct a 

cartoon mouse to the middle of a maze to either find some cheese (approach condition) 

or avoid being caught by an owl (avoidance condition). Using a similar cheese and owl 

manipulation, participants in the approach condition had significantly better attentional 

orientation than those in the avoidance condition (Memmert and Caňal-Bruland 2009). 

However, whilst learning effects were apparent across blocks of trials, learning was not 

predicted by the motivational condition. It has been found that the approach maze 

condition broadened the focus of perceptual and conceptual attention, whereas the 

avoidance maze condition narrowed the focus of attention (Friedman and Förster 2001; 

Förster et al. 2006, Experiment 1). Further findings have shown that positive affects 

high in approach motivation caused a narrowing of attention, whereas positive affects 

low in approach motivation caused a broadening of attention (Gable and Harmon-Jones 

2011). In addition, a recent study found that individuals high in general achievement 

motivation made fewer false alarms on a cognitive vigilance task (Nigel et al. 2017). 

This finding, however, provides no evidence for what specific type of achievement 

motivation influenced cognitive performance. Whilst these studies have been integral in 

establishing a link between motivation and attention networks, investigation of the 

mastery and performance components of motivation has yet to be forthcoming. 
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1.2.2 Achievement Motivation and Problem Solving 

A similar trend is seen with links between achievement motivation and problem 

solving but this relationship has yet to be fully explicated. Early work has shown that 

achievement motivation, defined as the strength of achievement motive, is related to 

problem-solving effectiveness (French and Thomas 1958). Accordingly, participants 

with a high achievement motive to succeed on a task were more likely to reach a 

solution in less time than individuals with a low achievement motive. This line of 

research was later extended by Vollmer and Kaufmann (1975) who showed that 

problem solving was differentially related to achievement motivation in high and low 

ability groups. Thus, individuals with high perceived ability may attempt to avoid 

failure by trying hard to succeed, while a more probable strategy for individuals with 

low perceived ability would be to exert little effort. Despite scarce work in achievement 

goals and problem solving, mastery goals have typically been associated with higher 

problem-solving ability (e.g., Elliot and Harackiewicz 1996, Elliot et al. 2005) and 

better transfer of problem-solving strategies (Bereby-Meyer and Kaplan 2005). 

Evidence supports associations of mastery goal orientation with a range of adaptive 

outcomes such as deep-level information processing and self-regulated learning (for a 

review, see Kaplan and Maehr 2007). Overall, a mastery goal orientation has been 

identified as the most adaptive type of motivation with regard to problem solving.   

Initial evidence supports the notion that approach-related, positive affective 

states (e.g., happiness; Carver, Sutton, and Scheier 2000; Isen, Daubman, and Nowicki 

(1987) bolster creative problem solving (see Isen 2000 for a review). In contrast, non-

affective avoidance-related processing cues appear to facilitate creative generation and 

insight problem solving (Friedman and Förster 2000, 2002). Manipulations of approach 

and avoidance motivational states have produced similar findings. For example, in a 

series of experiments, Friedman and Förster (2000) found that approach motor actions 

produced by arm extension facilitated analytical reasoning and problem solving, 

whereas avoidance motor actions produced by arm flexion bolstered central elements of 

creative insight. Further evidence using cheese and owl maze manipulations suggests 

that approach, relative to avoidance-related affective states, produced greater relative 

left (lesser relative right) hemispheric activation (Friedman and Förster 2005a). 

However, this pattern of activation was reversed when the emotionally arousing 
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component of the approach and avoidance cues was removed. In summary, induced 

states of affective arousal appear to reverse the pattern of brain activation and bolster 

analytical problem solving by shifting activation towards left lateralised systems. 

1.2.3 Achievement Motivation and Aspects of Well-Being 

It is also important to differentiate between emotional valence (i.e., positive vs. 

negative hedonic tone) and motivational direction (i.e., approach vs. avoidance goals) 

associated with affective (or subjective) well-being. The notion that positive affect (PA) 

and negative affect (NA) relate to respective approach and avoidance motivations has 

been proposed in several models of affect (e.g., Higgins 2000; Watson 2000). The role 

of achievement motivation has been mainly demonstrated in the context of learning and 

achievement. Thus, there is a preliminary basis for suggesting that achievement goals 

influence a wide range of thoughts and actions associated with general indices of well-

being and patterns of behaviour and emotion (see Moller and Elliot 2006 for a review). 

Mastery-approach goals have been positively linked to PA and general well-

being and negatively linked to NA and general ill-being (Elliot and McGregor 2001; 

Elliot, McGregor, and Gable 1999; Grant and Dweck 2003; Harackiewicz et al. 2008; 

Howell and Watson 2007; Liem, Lau, and Nie 2008; McGregor and Elliot 2002; 

Pekrun, Elliot, and Maier 2006; Roussel, Elliot, and Feltman 2011; Vrugt and Oort 

2008). Mastery-avoidance goals have been largely associated with maladaptive 

outcomes and behaviours, albeit research on mastery-avoidance goals is scarce (Cury et 

al. 2006; Elliot and McGregor 2001; Elliot and Murayama 2008; Howell and Watson 

2007; Roussel, Elliot, and Feltman 2011; Van Yperen, Elliot, and Anseel 2009). 

Performance-approach goals have been related to anxiety (Daniels et al. 2008, 2009; 

Linnenbrink 2005) and NA (Kaplan and Maehr 1999; Smith, Sinclair, and Chapman 

2002; Turner et al. 1998), and either associated positively with feelings of pride and PA 

(Linnenbrink 2005; Pekrun et al. 2006) or negatively with depression and anxiety 

(Sideridis 2005). Finally, performance-avoidance goals have been systematically linked 

to maladaptive outcomes and behaviours such as low academic achievement and 

general well-being (see Kaplan and Maehr 2007; Kaplan and Middleton 2002 for 

reviews). In spite of some key findings on the link between achievement goals and 

affective well-being, experimental work in this area is rare. Further, additional research 

is necessary to extend goal relationships to more eudaimonic indices of well-being. 
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1.2.4 Achievement Motivation and Neural Correlates of Well-Being 

Whilst achievement goal research is prolific in field settings (for reviews, see 

Hulleman et al. 2010; Kaplan and Maehr 2007; Moller and Elliot 2006; Murayama, 

Elliot, and Friedman 2012), little attention has been given to how achievement goals 

affect patterns of resting frontal EEG asymmetry in relation to subjective states of affect 

and more general indices of well-being. Motivation researchers have increasingly used 

the line-bisection task (LBT), a behavioural measure of relative brain activation, as a 

neural index of approach- and avoidance-related processes. Studies have shown that 

increased relative left brain activation (right line-bisection bias) mediates positive 

emotions and approach-related motivational states, whereas increased relative right 

brain activation (left line-bisection bias) mediates negative emotions and avoidance-

related motivational states (Amaghani, Crucian, and Heilman 2014; Friedman and 

Förster 2005a; Nash, McGregor, and Inzlicht 2010). Despite its wide adoption, several 

authors (e.g., Leggett, Thomas, and Nicholls 2016) have questioned the suitability of 

line bisection as a reliable measure of lateralised approach or avoidance biases. 

One of the most salient features of affect is the individual differences in 

emotional reactivity and dispositional mood known as affective style (Davidson 1995). 

Research using neuroimaging (fMRI) and electrophysiological (EEG) measures has 

only recently begun to dissect the constituents of affective style and provide new areas 

of opportunity to the neuroscientific study of hedonic and eudaimonic well-being 

(Davidson 2004a; Kringelbach and Berridge 2009; Lewis et al. 2013; Urry et al. 2004). 

For instance, Urry et al. (2004) found that superior frontal EEG asymmetry is linked to 

trait measures of motivational direction such that an approach-oriented individual would 

exhibit higher levels of hedonic and eudaimonic well-being. This effect was evident 

only for eudaimonic well-being when controlling for approach-related positive affect. 

Neuroscientific research provides initial support for approach-related motivational 

processes in the left PFC that are conducive to hedonic and eudaimonic well-being. 

1.3 Rationale for the Present Research 

Whilst attentional control and problem solving have been theoretically (Lang et 

al., 1997; Langley and Rogers 2005) and empirically linked to motivation, previous 

research in this area has been limited to approach and avoidance states of motivation 

(Förster et al. 2006; Friedman and Förster 2000, 2005a, 2005b; Memmert and Caňal-
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Bruland 2009). Another prominent feature of past research has been a reliance on self-

report methods and no published work has investigated the effects of mastery and 

performance goals or climates on attentional networks and problem solving. With the 

dearth of research examining motivational effects on attention and problem solving 

there is scope to expand this line of investigation to embrace more dimensions of 

cognition and broaden the motivational constructs. Despite the vast literature that has 

implicated emotional and motivational functions of asymmetric prefrontal activation 

(Davidson 1993, 1995, 1998), extant research on the link between achievement 

motivation and prefrontal asymmetry activation is scarce. Finally, more research is 

required that incorporates the mastery and performance dimensions of motivation into 

the study of hedonic and particularly eudaimonic well-being. Such investigations could 

further understanding in a limited area of research that examines the neural correlates of 

hedonic and eudaimonic well-being (Urry et al. 2004). 

1.4 Overview of the Present Research 

The purpose of the present research was to investigate the links between 

achievement motivation and a range of cognitive, behavioural, electrophysiological, and 

affective variables across two studies with experimental methodologies.  

Experiment 1 sought to examine the effects of a motivational manipulation 

(mastery approach, mastery avoidance, performance approach, performance avoidance, 

control) on attentional network functioning. This is a first attempt to explore the 

complexity of the effects of motivational types on a broad measure of the three 

attentional networks of alertness (including vigilance), orientation, and executive 

control (i.e., ANTI-V). Further, in addition to the influence of approach and avoidance 

motivational states, the mastery and performance characteristics of achievement 

motivation were explored for the first time in relation to a behavioural measure of 

relative brain activation (i.e., LBT) and a number of composite affective responses.  

Experiment 2 was designed to conceptually replicate Experiment 1. First, in 

addition to replicating the results of the attention test, Experiment 2 sought to examine 

the complexity of the effects of the four motivational types on a classic Tower of Hanoi 

problem-solving task that measures planning time and processing speed. Second, 

Experiment 2 aimed to address the limitations of the first experiment this time using an 



94 

 

 

objective EEG measure of relative prefrontal activation. Finally, it explored the effects 

of achievement goals on more general indices of hedonic and eudaimonic well-being. 

2. Experiment 1 

2.1 Overview 

Participants completed self-report measures prior to performing a baseline 

attention test (Roca et al. 2011). Achievement motivation was manipulated with a 

variant of the cheese and owl maze task (e.g., Förster et al. 2006; Friedman and Förster 

2001, 2005a, 2005b; Memmert and Caňal-Bruland 2009). Participants completed a 

second set of tasks designed to reinforce the manipulation prior to repeating the 

attention test. A post-task survey was administered to assess states of affective arousal 

(Higgins, Shah, and Friedman 1997) and subjective task experience (McAuley, Duncan, 

and Tammen 1989). Finally, relative brain activation was gauged using a forced-choice 

variant of the line-bisection task (Picazio et al. 2015). In this task, participants are 

presented with centrally bisected lines and asked to indicate the longer line segment by 

making a forced-choice decision with three response options (i.e., equal segments, 

longer to the left, or longer to the right). Research supports the influence of perceptual 

or attentional factors on line-bisection judgements (Milner, Brechmann, and Pagliarini 

1992). The tendency to view longer leftward segments of the centrally bisected lines is 

thought to reflect a left visual field (LVF) bias that is associated with greater relative 

right (lesser relative left) hemispheric activation in response to approach compared to 

avoidance-related anticipatory states (Friedman and Förster 2005a). However, this 

pattern of activation is reversed when the cue manipulation reflects arousal-related 

rather than anticipatory components of approach and avoidance motivational states. 

2.2 Hypotheses 

H1: Based on previous research, it was hypothesised that approach dimensions 

of achievement motivation would be associated with better task performance on the 

three attentional networks of alertness (including vigilance), orientation, and executive 

control compared to avoidance dimensions of achievement motivation. 

H2: It was predicted that the mastery-approach goal condition would exhibit a 

more pronounced rightward bisection bias (i.e., left brain activation) compared to the 
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performance-avoidance goal condition, which would exhibit a more pronounced 

leftward bisection bias (i.e., right brain activation) relative to the other test conditions. 

H3: The mastery-approach and performance-approach goal conditions were 

expected to report significantly higher levels of approach-related positive affect on the 

set tasks. The mastery-avoidance and performance-avoidance goal conditions were 

anticipated to report significantly higher levels of avoidance-related negative affect. 

2.3 Method 

2.3.1 Design 

Experiment 1 adopted a mixed factorial design. The between-group factor (IV1) 

was motivational manipulation with 5 levels (mastery approach, mastery avoidance, 

performance approach, performance avoidance, and control). The within-group factor 

(IV2) was time with 2 levels (baseline and post goal manipulation). Mean response 

times and percentage of errors for the attention network scores were examined for 

executive control (DV1), phasic alertness (DV2), orientation (DV3), and vigilance 

(DV4). Further, motivational effects were tested for perceptual asymmetry (DV5) and 

approach or avoidance affective responses (DV6). Follow-up ANCOVAs tested for the 

relative influence of perceived task competence and perceptions of task difficulty, 

enjoyment, and effort on the attention variables. The effects of other covariates 

including dispositional goal orientation and hand dominance were also controlled for. 

2.3.2 Participants 

The sample comprised of 163 psychology (n = 111) and non-psychology (n = 

52) undergraduate students from a UK university (41 male, 121 female) aged 18-52 

(Mage = 19.66, SD = 3.13 years). The psychology students participated in exchange for 

course credits. Ethnicity of the sample was White British (n = 65), British African (n = 

14), British Asian (n = 43), mixed race (n = 11), and other races (n = 30). All 

participants had normal or corrected-to-normal vision and hearing and no history of 

psychiatric disorder, epilepsy, or traumatic brain injury. 

2.3.3 Measures 

2.3.3.1 Self-Report Questionnaires 
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Achievement Goal Orientations. An adapted version of Elliot and McGregor’s 

(2001) 12-item Achievement Goal Questionnaire (AGQ) was used to measure each of 

the four achievement goal orientations in the context of general academic achievement 

(see Finney, Pieper, and Barron 2004 for the adapted version of AGQ). Each subscale 

consists of three items: mastery approach (e.g., ‘I want to learn as much as possible this 

semester’; α = .76), mastery avoidance (e.g., ‘The fear of performing poorly is what 

motivates me’; α = .74), performance approach (e.g., ‘It is important for me to do well 

compared to other students this semester’; α = .88), and performance avoidance (e.g., 

‘My goal this semester is to avoid performing poorly compared to other students’; α = 

.68). Items were rated on a 5-point Likert-type scale from 1 = Strongly Disagree to 5 = 

Strongly Agree, with higher scores indicating stronger orientation towards an 

achievement goal (Appendix 1, page 278). The order of the items remained the same as 

in the original scales. Subscale items were averaged to establish the total goal scores. 

Affective States. The Bond-Lader Visual Analogue Mood Scale (VAMS; Bond 

and Lader 1974) consists of 16 bipolar, 100 mm horizontal lines with the end points 

anchored by antonyms (Appendix 2, page 279). Participants are required to mark a 

vertical bar on the line corresponding to their current mood state. Each line is scored as 

the percentage of the total distance from the negative anchor (i.e., higher scores indicate 

more positive mood state). From the resultant scores three measures of mood are 

derived by factor analysis (Bond and Lader 1974). These are (1) alertness (alert-drowsy, 

strong-feeble, clear-headed-muzzy, well coordinated-clumsy, energetic-lethargic, quick 

witted-mentally slow, attentive-dreamy, proficient-incompetent, interested-bored), (2) 

contentedness (contended-discontented, tranquil-troubled, happy-sad, amicable-

antagonistic, gregarious-withdrawn), and (3) calmness (calm-excited, relaxed-tense). 

Scores from the 16 adjective pairs were averaged to derive the three total mood scores. 

Visual analogue scales provide a simple technique for assessing subjective experience. 

They have been shown to be valid and reliable in a range of clinical and research 

applications (for reviews, see Ahearn 1997; McCormack, Horne, and Sheather 1988). 

Handedness. The Edinburgh Handedness Inventory (EHI; Oldfield 1971) was 

used to measure the strength of hand preference for ten different manual activities such 

as drawing or opening a box (Appendix 3, page 280). The method suggested by 
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Oldfield (1971) for deriving handedness scores involves asking participants to indicate 

their hand preference by placing ‘+’ in the appropriate column (left or right), ‘++’ in the 

appropriate column where the preference is so strong that the other hand would never be 

used, or ‘+’ in both columns for equal or indifferent hand preference. A laterality 

quotient (LQ) is calculated using the formula LQ = (R - L)/(R + L)*100 where R (right) 

and L (left) indicate the number of activities for which each hand is preferentially used. 

This scoring method produces scores ranging from -100 (pure left hander) to +100 (pure 

right hander). A score of +100 reflects complete dextrality (right-handedness) and a 

score of -100 indicates complete sinistrals (left-handedness). 

2.3.3.2 Cognitive and Behavioural Tasks 

Attention. A modified version of the Attention Network Test for Interaction and 

Vigilance (ANTI-V; Roca et al. 2011) was used in this experiment (see Appendix 4, 

page 281 for further details). The ANTI-V combined a cued attentional task with the 

flanker task. An OpenSesame 2.9.0 script was developed to run the ANTI-V. Responses 

were made on a 23-inch computer using a three-button Cedrus pad. Target response 

speed (in ms) was measured by reaction time for correct responses. Accuracy was 

measured by percentage (%) of errors. The traditionally used stimuli (e.g., Callejas et al. 

2005) were a black fixation cross (~0.55º visual angle), an auditory tone (2000 Hz), a 

black asterisk (~0.85º), and a row of five black horizontally adjacent arrows (~1.71º 

each, ~10.21º the whole row) presented against a white background. 

The sequence for each trial is presented in Figure 1. Trials began with a fixation 

point (i.e., ‘+’) in the centre of the screen which lasted for a randomised inter-stimulus 

interval (ISI) ranging from 400-1000 ms. Variations in the ISI controlled for any 

expectancy effects. Auditory tones (50 ms) were either presented 500 ms before the 

central target appeared (tone condition) or not at all (no-tone condition). Orientation 

cues (100 ms; i.e., an asterisk ‘*’) were either presented in the same location as the 

central target (valid cue condition), in the opposite location (invalid cue condition), or 

no asterisk appeared (no cue condition). Tone and cue conditions are a measure of 

phasic alertness and attentional orientation, respectively. These were followed by a 

further fixation period (400 ms).Then came the presentation of the five arrows, four 

flankers and one central target. The arrow stimuli appeared until a response or until a 

period of 1000 ms had elapsed. Spacing between the arrows was 0.44
o
. In 50% of the 
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Cue: 100 ms 

Tone: 50 ms 

1000 ms or 

until response 

400 ms 

400 ms 

400-1000 ms 

Vigilance Trial 

1050-1650 ms or 

until response 

trials the four flanker arrows could point left or right in the same direction as each other 

(congruent condition) or in an opposing direction to the central target (incongruent 

condition). Participants responded to the direction of the central arrow and reaction 

times to congruent and incongruent conditions provided a measure of selective 

attention. The final measure of vigilance was measured by correct responses to trials 

where the central arrow was displaced. In 75% of the trials the target was centred 

(~0.44º) and in 25% of the trials it was significantly displaced (~0.14º) to the immediate 

left or right flanker arrow. This manipulation added a random variability (i.e., ±4 pixels) 

to make it more difficult to distinguish between the centred and the displaced target 

arrow. Participants used the response pad to indicate whether the central arrow was 

pointing left (‘left’ button on pad), right (‘right’ button on pad), or displaced (‘centre’ 

button on pad). Once the arrows disappeared, the fixation point remained for an ISI 

which varied according to the randomised fixation period that started the trial. This 

ensured every trial had the same total duration of 4000 ms. 

 

            

  

   

 

 

      

 

 

 

  

 

 

 

Figure 1. The Attention Network Test for Interaction-Vigilance (ANTI-V). Schematic 

representation of the experimental stimuli, their sequence, and timings for each trial. 

Time 
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The baseline ANTI-V included a practice block (30 trials), followed by an 

experimental block (60 trials). The experimental ANTI-V included one block of 60 

trials. A possible 12 combinations of stimuli types (e.g., congruent, valid cue, tone; 

incongruent, no cue, no tone etc.) each appeared four times across the experimental 

block (n = 48), with the remaining trials in the block being vigilance trials (n = 12). 

Unlike the original version of the ANTI-V (Rocca et al. 2011), this experiment did not 

include a hard condition in which the arrow stimuli are presented for a shorter duration 

(e.g., 400 ms). For the purpose of this experiment, reaction times (speed) and accuracy 

(% of errors) were analysed separately for the attention network and the vigilance trials. 

Perceptual Asymmetry. A computerised version of the forced-choice line-

bisection task (LBT) was adapted from Picazio et al. (2015) following the protocol of an 

original study published by Fierro et al. (2001). Visual stimuli consisted of a single 

black 1 mm think horizontal line transected by a 1 mm thick and 10 mm high vertical 

bar (transector). Stimuli were presented on a white background with the transector 

positioned precisely in the centre of the screen. Five lines were presented that differed 

in the (1) position of the transector (at midpoint, 5 mm leftward, 5 mm rightward), (2) 

overall length of the line, and (3) length of its right and left segments (see Figure 2). 

Stimuli were tachistoscopically presented for 50 ms to prevent eye scanning. Prior to 

stimulus presentation, participants were required to fixate on a central target (i.e., a 

circle) for 250 ms on a black screen that disappeared as soon as the first stimulus was 

flashed. After stimulus presentation, participants were required to make a forced-choice 

decision about the respective length of the two segments based on three response 

options (i.e., equal segments, longer left, longer right). Responses were made on a three-

button response pad using the right index finger. Participants were asked to press the 

centre button if the two line segments were equal, the left button if the left segment was 

longer, or the right button if the right segment was longer. The LBT consisted of a block 

of 10 practice trials, followed by a block of 60 experimental trials. All experimental 

trials were randomised including 20 repetitions of centrally bisected lines (Line 1) and 

10 repetitions of left- or right-elongated lines (Lines 2-5, see Figure 2). 
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Figure 2. LBT visual stimuli adapted from Picazio et al. (2015). 

Line 1 (centrally bisected): left segment 75 mm; right segment 75 mm. 

Line 2 (left-elongated): left segment 75 mm; right segment 70 mm. 

Line 3 (left-elongated): left segment 80 mm; right segment 75 mm. 

Line 4 (right-elongated): left segment 70 mm; right segment 75 mm. 

Line 5 (right-elongated): left segment 75 mm; right segment 80 mm. 

Mean performance accuracy on each trial was scored by measuring the deviation 

of the bisection from the true centre of the line1. A total perceptual asymmetry score 

was obtained by averaging the 60 responses of the test block. Mean negative values 

indicate a leftward bias (right under-evaluation). Mean positive values indicate a 

relative rightward bias (left under-evaluation; see Fierro et al. 2001, 2006). 

2.3.3.3 Post-Task Survey 

Affective Responses. A computerised measure of affect was used in which the 

items were aggregated to distinguish between emotional valence and motivational 

orientation. Four composite affective indices were computed post task in line with 

previous studies (e.g., Carver, Sutton, and Scheier 2000; Friedman and Förster 2005a; 

Higgins, Shah, and Friedman 1997; Higgins 2000; Smith and Trope 2006). The two 

valence-based indices were positive affect and negative affect. The positive affect (PA) 

score was computed by averaging participants’ responses to six positive emotional state 

probes (i.e., happy, content, joyful, calm, relieved, relaxed). The negative affect (NA) 

score represented the average of participants’ responses to six negative emotional state 

probes (i.e., sad, disappointed, depressed, nervous, worried, tense). The two motivation-

 
1 Scoring was: 0 = correct response; 1 and 2 = rightward error (1 = right segment of line 1 judged longer 

or left and right segments of line 2 and line 3 judged equal; 2 = right segment of line 2 and line 3 judged 

longer); -1 and -2 = leftward errors (-1 = left segment of line 1 judged longer or left and right segments of 

line 4 and line 5 judged equal; -2 = left segment of line 4 and line 5 judged longer). 

Some materials have been removed due to 3rd party 
copyright. The unabridged version can be viewed in Lancester 
Library - Coventry University.
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based indices were approach-related affect and avoidance-related affect. The approach-

related affect index was computed by averaging participants’ responses to six emotion 

probes theorised to capture affective experience associated with approach motivation 

(i.e., happy, content, joyful and [reverse-scored] sad, disappointed, depressed). The 

avoidance-related affect index represented participants’ responses to six emotion probes 

theorised to capture affective experience associated with avoidance motivation (i.e., 

calm, relieved, relaxed and [reverse-scored] nervous, worried, tense). Participants 

responded to the general question ‘How do you feel right now?’ on a Likert scale 

ranging from 1 = Very Bad to 9 = Very Good. A set of Likert scales was used to 

measure affective states (e.g., ‘How happy do you feel right now?’ or ‘How sad do you 

feel right now?’) anchored at 1 = Not at all and 9 = Extremely (Appendix 5, page 283). 

Performance, Enjoyment, Effort, and Difficulty. All the following scales were 

single item measures selected from Friedman and Förster (2005a) and included in the 

post-task survey to refine the design. Single items enabled assessments to be taken three 

times over the testing period. Multiple item questionnaires were also considered 

exhausting for participants. The scales measured perceptions of task performance (‘How 

well do you think you performed on the task?’) 1 = Very poorly / 9 = Very well, 

enjoyment (‘How much do you think you enjoyed the task?’) 1 = Not at all / 9 = Very 

much, effort (‘How much effort did you put into the task?’) 1 = Not at all / 9 = Very 

much, and difficulty (‘How difficult was the task?’) 1 = Very easy / 9 = Very difficult. 

2.3.3.4 Motivational Manipulations 

Maze Task. This task was adapted from Friedman and Förster’s (2005a, 2005b) 

pencil-and-paper cheese and owl maze task described previously. Instead of using the 

original cheese and owl manipulation, however, participants were asked to complete 

two simple mazes which appeared to be the same but differed in processing speed. 

Following pilot testing, preliminary analysis confirmed that an experimental Maze B 

took less time to complete than a baseline Maze A. The purpose of this manipulation 

was to reinforce the motivational climate by providing false positive feedback. This 

false positive feedback approach is known to have positive outcomes in applied areas 

such as academia (Senko and Harackiewicz 2005) and physical education (Erturan-İlker 

2014). See Appendix 6 (page 284) for schematic depiction of the maze manipulations. 
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Reflective Writing. A reflective writing task was administered after Maze A and 

before Maze B. The aim of this task was to assign participants to random motivational 

conditions. Participants in each group were given 5 minutes to write about a time when 

they were involved in an achievement situation. The mastery groups were provided with 

self-referenced objectives to either focus on improving their previous attempt at the 

maze task (mastery approach) or avoiding doing worse than they did on their previous 

attempt (mastery avoidance). In contrast, the performance groups focused on normative 

objectives of trying to outperform the majority of other students’ times (performance 

approach) or avoid being outperformed by the majority of other students’ times 

(performance avoidance). In the performance instructions, the emphasis was on scoring 

and beating other participants, rather than the task itself. The control group was asked to 

reflect on the meaning of the word ‘neutral’. Unlike previous studies that have used 

hypothetical scenarios to manipulate motivation (e.g., Förster et al. 2006; Friedman and 

Förster 2005a, 2005b; Memmert and Cañal-Bruland 2009), reflective writing was 

expected to strengthen perceptions of motivational climate by provoking thoughts and 

feelings that are intrinsically meaningful to participants (Appendix 7, page 286). 

Text Instructions. After Maze B, and before the experimental test of attention, 

participants were given text instructions to reinforce the manipulation further (Appendix 

8, page 291). Again, the mastery groups were provided with self-referenced objectives 

to either focus on improving their previous attempt at the task (mastery approach) or 

avoiding doing worse than they did on their previous attempt (mastery avoidance). The 

mastery instructions were centred on task-based information such as trying to focus as 

quickly as possible on the relevant information and being accurate in their responses. 

Participants in the performance groups focused on normative objectives of trying to beat 

50% of the other students’ times (performance approach) or avoid being beaten by 50% 

of the other students’ times (performance avoidance). In the performance instructions 

the emphasis was on scoring and beating other participants, rather than the task itself. 

The control group was asked to re-read the instructions and have a second go at the task. 

2.3.3.5 Manipulation Check 

A single item check of the motivation manipulation was devised for the purpose 

of this experiment. Participants were asked ‘Please select the option that best represents 
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your aim in the attention task just undertaken’. The four options included 1 ‘To improve 

your own speed and accuracy performance’, 2 ‘To avoid your own speed and accuracy 

performance getting worse’, 3 ‘To beat half (50%) of the other students’, 4 ‘To avoid 

being beaten by half (50%) of the other students’, and 5 ‘None of these’ (Appendix 9, 

page 292). 

2.3.4 Procedure 

Approval was granted from a university ethics committee to conduct this 

experiment. Participants were first informed on the nature of the testing and their ethical 

rights (Appendix 10, page 293). Students were tested individually (up to a maximum of 

3 students per testing session) in sound-proof booths. They were seated comfortably so 

that they could clearly read from the computer screen. To control for reading ability and 

comprehension, all task instructions and questionnaire items were presented by the 

experimenter and verbal checks were made on understanding. Clarity on the 

instructions, question items, and manipulations were checked before proceeding. 

Prior to testing, and before gaining written consent (Appendix 11, page 295), 

participants were asked to provide basic background information (Appendix 12, page 

296). On completion of the self-report questionnaires, the attention task was explained 

to participants by narrating the computer instructions. Before starting the 60 trial 

baseline block, a 30 trial practice block was presented to familiarise participants with 

the response box, all possible combinations of the task stimuli, and to control for 

learning effects. After the baseline measures of attention, participants responded to 

items on a survey that assessed their affective states and perceptions of task 

performance, enjoyment, effort, and difficulty. Participants were then systematically 

handed out a hard version of a pencil-and-paper maze (turned face down). The maze 

task was explained to participants and completion times were recorded by the principal 

investigator using a stopwatch. This initial record of completion times represented 

scores on the baseline maze trial. Participants were given 5 minutes to complete the 

reflective writing task with instructions based on one of four versions of motivational 

manipulations (or a control version with no motivational instructions). On finishing the 

writing task, participants were administered an easy version of the maze. Before starting 

the experimental block of the attention task, the principal investigator handed out 

printed laminated cards with motivational (or control) instructions that varied depending 
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on the manipulation condition. Participants were then asked to re-read and refresh their 

motivational manipulations. Once the text manipulation had been read and understood 

the experiment continued with a repeat of the attention task. Participants were then 

presented with a second set of the measures of affective states, performance, enjoyment, 

effort, and difficulty. The final test of perceptual accuracy was then explained to 

participants before reading the computer instructions. Participants were then presented 

with the third and final version of the post-survey measures before completing 

manipulation checks. Finally, participants were verbally debriefed on the purpose of the 

experiment (see Appendix 13, page 297, for a full debrief form) and any further 

questions were answered. The whole procedure lasted approximately 1 hour in total. 

2.4 Results 

2.4.1 Data Screening and Preliminary Analysis 

All data were analysed using IBM SPSS Statistics for Windows v23.0 software 

(IBM Corp., Armonk, NY, USA). No univariate outliers greater than the critical value 

were found in the dataset. Bonferroni-corrected pairwise comparisons were computed 

when appropriate and a p-value of .05 was used for all statistical tests. Preliminary 

analyses on the manipulation checks revealed that maze [t(49) = 3.45, p = .001] and 

motivation [χ2(16, N = 163) = 604.35, p < .001] manipulations were successful (see 

Figure 3, Appendix 14, page 298). As ANOVA is featured as the main inferential 

statistical technique, the assumptions of normality and homogeneity of variance were 

tested on each of the main dependent variables. Greenhouse-Geisser correction was 

applied as violations of the assumption of sphericity were apparent in the scores of the 

measure of affective responses. 

Following the procedures of Callejas et al. (2004) and Roca et al. (2011), global 

scores for each attention network were computed by subtracting specific trial conditions 

(executive control: incongruent - congruent; phasic alertness: no-tone - tone, only in no-

cue trials; orientation: invalid - valid). Repeated-measures t-tests were performed to 

assess whether these subtraction scores were significantly different from zero and, thus, 

considered a usable and valid index of each network (see Ishigami and Klein 2009, 

2010 for further details on this procedure). Mean correct RT (speed of response) and 

accuracy (percentage of errors) scores on the vigilance trials were used as a measure of 
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sustained attention (or tonic alertness). To analyse the effect of goal manipulation on the 

global attention network scores, mean correct RT and accuracy data were applied to a 

series of repeated measures mixed factorial ANOVAs. The analyses included 

motivation group (MAp/MAv/PAp/PAv/control) as a between-group factor and 

experimental block (baseline/goal manipulation) as a within-group factor. Results for 

the main effects are reported first, followed by the interaction and simple main effects. 

2.4.2 Attention Network Scores 

Mixed ANOVAs for Correct Reaction Times (RTs) on the Attention Network Scores 

A 5 (motivation group) x 2 (experimental block) mixed between and within 

ANOVA was used to analyse the attention network RTs. A weak significant within-

group main effect was found across the two blocks for the executive control score [F(1, 

158) = 4.82, p = .03, ηp
2 = .03], with mean RTs falling from baseline to the manipulation 

block (p = .03). A significant and weak to strong within-group main effect was found 

across time for the vigilance score [F(1, 158) = 71.9, p < .001, ηp
2 = .32]. There was a 

significant decline in RTs from baseline to manipulation (p < .001). A significant and 

weak to strong between-group main effect was established for motivation group on 

correct vigilance trials [F(4, 158) = 4.54, p < .01, ηp
2 = .10]. The MAp group was 

significantly quicker than the PAv and control groups, ps < .01 (see Table 1). 

A significant and weak interaction effect between motivation group and 

experimental block was found for the executive control [F(4, 158) = 2.51, p < .05, ηp
2 = 

.06], orientation [F(4, 157) = 2.96, p < .05, ηp
2 = .07], and vigilance [F(4, 158) = 2.99, p 

< .05, ηp
2 = .07] attention network scores. Pairwise comparisons revealed no significant 

group differences in RTs at baseline. However, the MAp group exhibited significantly 

lower executive control and orientation RTs as opposed to the PAv group following the 

manipulation (ps < .05). The two approach groups were significantly quicker than the 

PAv group on the vigilance trials (ps < .01). All the groups except the PAv group had 

significantly lower vigilance RTs relative to the control group, ps < .05 (see Figure 4). 

Mixed ANOVAs for Percentage of Errors on the Attention Network Scores 

A similar 5 (motivation group) x 2 (experimental block) mixed between and 

within ANOVA was used to analyse the percentage of errors on the attention network 
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test. Table 1 presents the mean accuracy (percentage of errors) across the two 

experimental blocks for each experimental condition. 

Whilst there were no main effects for motivation group or time (experimental 

block), there were significant two-way interactions for the executive control [F(4, 158) 

= 2.71, p < .05, ηp
2 = .06], phasic alertness [F(4, 158) = 5.08, p < .001, ηp

2 = .11], 

orientation [F(4, 158) = 2.96, p < .05, ηp
2 = .07], and vigilance [F(4, 158) = 3.11, p < 

.05, ηp
2 = .07] attention network scores. No significant group differences were revealed 

on any of the attention network scores at baseline. Post manipulation, the MAp group 

made less errors than the PAv group on all the attention network scores and both 

approach groups showed higher accuracy than the PAv and control groups on the 

alertness (including vigilance) scores (all ps < .05). Figure 5 displays the mean attention 

network scores for accuracy (percentage of error) data across the baseline and 

experimental blocks before and after the manipulation.
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Table 1 

Experiment 1. Observed Mean (and Standard Deviation) Global Attention Network Scores for Reaction Time (ms) and Accuracy 

(Percentage of Errors) Across the Baseline and Goal Manipulation Blocks for Each Experimental Condition (N = 163) 

 

Note. A lower Reaction Time (ms) score represents better speed performance on an attention network. A lower Percentage of Error score 

represents better accuracy performance on an attention network.

Conditions Global Attention Network Scores 

 Correct Response Reaction Times (ms) Accuracy (% of Errors) 

Baseline 
Executive 

Control 

Phasic 

Alertness 
Orientation Vigilance 

Executive 

Control 

Phasic 

Alertness 
Orientation Vigilance 

Mastery Approach 17.8 (21.0) 16.3 (48.3) 16.7 (39.3) 697 (74.9) 8.08 (5.12) 7.27 (6.51) 6.74 (5.13) 19.7 (15.7) 

Mastery Avoidance 19.9 (21.9) 13.5 (38.3) 12.2 (28.5) 722 (76.4) 6.74 (4.07) 5.61 (7.88) 6.36 (6.10) 23.2 (24.5) 

Performance Approach 17.9 (18.9) 16.5 (31.2) 15.4 (39.6) 718 (85.4) 8.15 (4.72) 6.72 (6.91) 6.95 (7.01) 18.8 (20.7) 

Performance Avoidance 16.1 (20.9) 12.1 (43.2) 11.9 (28.9) 739 (92.9) 7.93 (9.03) 6.89 (6.59) 6.06 (6.13) 19.7 (20.5) 

Control 17.6 (16.4) 18.0 (21.2) 12.9 (19.4) 743 (70.6) 8.83 (3.81) 6.41 (4.49) 6.25 (5.77) 21.6 (11.6) 

Goal Manipulation         

Mastery Approach 7.37 (21.2) 6.60 (47.8) 2.79 (34.8) 643 (81.3) 5.05 (5.61) 2.73 (3.56) 4.24 (4.98) 11.4 (11.6) 

Mastery Avoidance 15.7 (21.0) 21.3 (37.8) 22.4 (35.7) 666 (61.0) 8.23 (5.10) 6.06 (6.34) 5.00 (5.08) 19.7 (21.8) 

Performance Approach 7.84 (19.3) 7.84 (37.5) 7.35 (26.4) 651 (70.0) 5.68 (4.44) 4.22 (5.55) 4.92 (4.51) 12.2 (9.22) 

Performance Avoidance 24.0 (20.5) 24.7 (44.3) 24.5 (31.3) 713 (90.8) 8.86 (6.50) 9.09 (9.12) 8.03 (6.31) 25.8 (27.1) 

Control 11.1 (21.1) 20.6 (32.8) 18.3 (20.3) 722 (74.5) 8.54 (2.32) 7.58 (6.49) 7.27 (5.09) 24.9 (16.9) 
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Figure 4. Experiment 1. Mean attention network scores (executive control, phasic alertness, orientation, and vigilance) for reaction time 

(ms) across the baseline and goal manipulation blocks for each experimental condition. 

Note. Significant differences (p < .05) between experimental conditions are denoted by a single asterisk (*).
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Figure 5. Experiment 1. Mean attention network scores (executive control, phasic alertness, orientation, and vigilance) for accuracy (% of 

errors) across the baseline and goal manipulation blocks for each experimental condition. 

Note. Significant differences (p < .05) between experimental conditions are denoted by a single asterisk (*).
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2.4.3 Perceptual Asymmetry Scores 

One-Way Independent-Samples ANOVA for Perceptual Asymmetry Scores on the LBT 

A one-way independent-samples ANOVA was computed on the perceptual 

asymmetry scores. The between-group factor was motivational manipulation (5 levels: 

MAp/MAv/PAp/PAv/control). Initial examination of the descriptive statistics indicated 

that the MAp (M = .09, SD = .14) and PAp (M = .03, SD = .19) groups exhibited 

increased relative left brain activation (rightward decision bias). In contrast, the PAv (M 

= -.12, SD = .21) and control (M = -.11, SD = .15) groups exhibited increased relative 

right brain activation (leftward decision bias). The MAv group (M = .003, SD = .19) had 

relative bilateral asymmetry (little or no decision bias). 

The analysis yielded significant differences between the groups [F(4, 158) = 

8.06, p < .001, ηp
2 = .18]. Tukey’s post-hoc tests revealed that the MAp group had 

greater relative left (lesser right) brain activation compared to the PAv and control 

groups which had greater relative right (lesser left) brain activation, ps < .001. This 

perceptual asymmetry effect was also found when comparing the PAp group with the 

PAv (p = .01) and control (p = .03) groups. 

2.4.4 Affective Responses 

Mixed Factorial ANOVAs for Affective Responses 

A 5 (manipulation group) x 4 (affect) x 2 (time) mixed factorial ANOVA was 

used to analyse approach and avoidance affective responses. A significant within-group 

main effect was evident across the two blocks [F(2, 158) = 21.57, p < .001, η² = .12], 

with an overall increase in affective ratings from after the baseline block to post-test 

block, p < .001. A strong within-group main effect emerged for affect [F(1.67, 264.16) 

= 248.23, p < .001, η² = .61]. The highest ratings were for approach PA and lowest for 

approach NA. There was also a significant and moderate between-group main effect for 

motivation group [F(4, 158) = 3.11, p = .02, ηp
2 = .07]. Table 2 shows the mean (and 

SD) affective responses for each experimental group before and after the manipulation. 

Significant interaction effects were found between motivation group, affect, and 

time [F(9.35, 369.25) = 10.19, p < .001, ηp
2 = .21]. There were no significant group 

differences at baseline but the two approach groups reported higher approach PA ratings 

than the two avoidance and control groups (ps < .001). The PAv group had higher 

avoidance NA ratings than the MAp and PAp groups (p < .001). No significant 
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differences emerged between the two approach groups or between the two avoidance 

groups (ps > .05). Simple effects revealed no significant differences between the 

approach and avoidance PA at baseline but then an increase in approach PA was 

observed when the MAp and PAp manipulations were presented, ps < .001. Further, 

there was a significant increase in approach NA (p = .02) after the PAp manipulation. In 

contrast, the PAv group reported higher approach PA than avoidance NA ratings at 

baseline (p < .001) but this effect reduced significantly after the PAv manipulation (i.e., 

approach PA decreased and avoidance NA increased). Similarly, there was a drop in 

approach and avoidance PA ratings and an increase in approach and avoidance NA 

ratings after the PAv manipulation. Figure 6 graphically presents all the effects.   

Table 2 

Experiment 1. Between-Group Comparison of Mean (and Standard Deviation) Affective 

Responses Across Baseline and Goal Manipulation Blocks for Each Experimental 

Condition (N = 163) 

  

Conditions Affective Responses 

Baseline 
Approach 

PA 

Avoidance 

PA 

Approach 

NA 

Avoidance 

NA 

    Mastery Approach 6.14 (1.16) 6.51 (1.25) 2.57 (1.44) 3.50 (1.75) 

    Mastery Avoidance 6.06 (6.06) 5.59 (1.14) 2.51 (1.49) 3.85 (1.58) 

    Performance Approach 5.58 (5.58) 5.48 (1.38) 2.57 (1.55) 3.40 (1.98) 

    Performance 

Avoidance 
5.93 (5.93) 5.93 (1.23) 2.46 (1.53) 2.88 (1.48) 

    Control 5.68 (5.68) 5.84 (1.23) 2.68 (1.38) 3.00 (1.45) 

Goal Manipulation     

    Mastery Approach 7.47 (.862) 6.06 (.793) 2.48 (1.38) 3.05 (1.56) 

    Mastery Avoidance 5.74 (1.30) 5.40 (1.14) 2.95 (1.55) 3.71 (1.30) 

    Performance Approach 6.84 (1.29) 5.50 (1.41) 3.15 (1.81) 3.46 (1.77) 

    Performance 

Avoidance 
5.49 (1.05) 5.71 (1.23) 3.10 (1.59) 4.74 (1.39) 

    Control 5.05 (.981) 5.34 (1.03) 3.13 (1.42) 3.84 (1.39) 

 

Note. Each affective reponse was a score between 1-9, where higher scores correspond 

with higher levels of approach-related or avoidance-related positive or negative affect. 

Follow-up ANCOVAs were computed to rule out the possibility that the 

motivational effect was mediated by the influence of task manipulations on ratings of 

perceived performance, enjoyment, effort, and difficulty. Additional analyses also failed 

to reveal any mediating effects of dispositional goal orientations and left- or right-
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handedness. The mean score for each mediator was separately entered into the analysis 

as a statistical covariate. In all analyses, the motivational effect remained statistically 

significant, suggesting no mediation effects (i.e., there was no evidence that any of the 

covariates was significantly influenced by the manipulations), all p values < .05. 

 

Figure 6. Difference in mean affective responses between the baseline and goal 

manipulation blocks for each experimental condition. Positive values indicate higher 

mean affective responses at baseline. Negative values indicate higher mean affective 

responses post goal manipulation. 

Note. Significant differences between experimental conditions are indicated by single 

asterisks (p < .05). 

2.5 Discussion 

Experiment 1 supported the first hypothesis that the approach dimensions of 

motivation, compared to avoidance, would facilitate the functioning of the three 

attentional networks of alertness, orientation, and executive control. Findings of 

improved attentional networks in the approach condition were replicated and extended 

in the present experiment (Friedman and Förster 2005b; Memmert and Caňal-Bruland 
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2009). Participants in both approach conditions showed faster RTs and higher accuracy 

than those in the performance-avoidance and control conditions. Mastery-approach 

goals have been linked to better use of cognitive and metacognitive learning strategies 

(Belenky and Nokes-Malach 2012; Ford et al. 1998; Somuncuoglu and Yildirim 1999). 

This suggests that a mastery-approach goal, as opposed to a performance-avoidance 

goal, may engender adaptive engagement of cognitive control that in turn leads to better 

performance and achievement on any learning task (Kaplan and Maehr 2007). 

The present findings also supported the second hypothesis. Participants in the 

two approach conditions made more rightward line-bisection judgements relative to 

those in the performance-avoidance condition who made more leftward line-bisection 

judgements. In line with previous findings (Derryberry and Reed 1998; Derryberry and 

Tucker 1994; Friedman and Förster 2005b), the results of Experiment 1 support the 

notion that arousal-related approach, compared to avoidance, motivational cues result in 

greater relative left brain activation. These findings were extended to suggest that the 

facilitative influence of the approach aspect of mastery and performance goals on 

perceptual asymmetry is mediated by increased left and decreased right brain activation. 

The third hypothesis that achievement goals would differentially influence 

affective arousal states was also supported. Participants in both approach conditions 

reported higher levels of approach-related positive affect than those in the mastery-

avoidance and particularly performance-avoidance conditions, who reported higher 

levels of avoidance-related negative affect. These findings extend past research (e.g., 

Derryberry and Reed 1998; Derryberry and Tucker 1994; Friedman and Förster 2005b, 

Experiment 3), suggesting that approach and avoidance states engender brain activation 

associated with respective positive and negative affective arousal (for reviews, see Coan 

and Allen 2003b; Davidson et al. 2002). 

The results of Experiment 1 support the notion that mastery-approach and 

performance-approach, compared to performance-avoidance motivation, improve 

attentional network functioning and produce greater left, than right, brain activation. 

Left side brain activation is potentially associated with approach-related positive 

emotional states. However, the current results offer no evidence for the absolute patterns 

of activation in specific neural regions elicited by the motivational manipulations. The 

LBT has not been confirmed as a valid behavioural measure of the precise pattern of 
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activity linked to approach motivation (Leggett, Thomas, and Nicholls 2016). The LBT 

has been used to indicate the relative allocation of activation to the left or right 

hemispheres based on the assumption that one hemisphere draws activation from the 

other (Kinsbourne 1970, 1975; Kosslyn 1987). Experiment 2 sought to replicate these 

effects, this time using an objective electrophysiological (EEG) measure of relative 

brain activation. Another possible limitation of Experiment 1 is that the motivational 

effect is limited exclusively to attention and transient emotional arousal. In Experiment 

2, achievement goals were investigated in relation to problem solving and more general 

indices of well-being to try and capture a broader spectrum of cognition and emotion. 

3. Experiment 2 

3.1 Overview 

Experiment 2 was designed to replicate the ANTI-V results from Experiment 1. 

A second aim was to examine the complexity of the effects of motivational types on 

problem solving, prefrontal EEG asymmetry, eudaimonic and hedonic well-being. 

Participants underwent baseline EEG recordings prior to completing self-report 

measures. Experiment 2 tested whether approach motivation is associated with relative 

left prefrontal EEG activity and avoidance motivation with relative right prefrontal EEG 

activity (Davidson 1993, 1998; Davidson et al. 1990; Sutton and Davidson 1997). EEG 

has an advantage over the traditional self-report and behavioural measures. It has a high 

temporal resolution and offers direct measurement of neuronal activity. This experiment 

used similar methods and procedures to manipulate achievement goals as Experiment 1. 

Whilst Experiment 1 measured self-reported states of affective arousal, Experiment 2 

investigated hedonic and eudaimonic well-being which have previously been associated 

with neural indices of approach and avoidance motivation (Urry et al. 2004). 

3.2 Hypotheses 

H1: It was hypothesised that the findings from the ANTI-V in Experiment 1 

would be replicated in Experiment 2. First, a significant improvement in attentional 

network functioning was expected in the approach conditions compared to the 

avoidance conditions. Second, the approach conditions, compared to avoidance, were 

expected to exhibit better time and speed on a Tower of Hanoi (ToH) problem-solving 
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task. It was predicted that the mastery-approach condition would make fewer moves and 

solve the ToH problem in less time compared to the performance-avoidance condition. 

H2: It was hypothesised that approach and avoidance dimensions of 

achievement motivation would relate to asymmetric differences in prefrontal EEG 

activation. The mastery and performance (approach) conditions would exhibit greater 

relative left, than right, prefrontal activation. The mastery and performance (avoidance) 

conditions would exhibit greater relative right, than left, prefrontal activation. 

H3: Previous studies led to expectations of higher levels of hedonic and 

eudaimonic well-being in the mastery-approach conditions and lower levels of well-

being in the performance-avoidance conditions. Due to mixed findings, no predictions 

were made with regard to the performance-approach and mastery-avoidance conditions. 

3.3 Method 

3.3.1 Design 

A 5x2 mixed factorial design was used with one between-group factor 

(motivational manipulation: mastery approach/mastery avoidance/performance 

approach/performance avoidance) and one within-group factor (time: baseline/goal 

manipulation). The dependent variables (DVs) of attention were the reaction times and 

percentage of errors scores for executive control, phasic alertness, orientation, and 

vigilance. The DVs associated with well-being were the average eudaimonic and 

hedonic well-being scores. For the EEG asymmetry measure, the DVs were the alpha 

asymmetry scores from six frontal cortical regions. 

3.3.2 Participants 

Incomplete data sets and univariate outliers were removed from an initial sample 

of 108 students to leave a final sample of 100 students from an undergraduate 

psychology course at a university in the midlands, UK. The sample was divided into 58 

females and 42 males, with a Mage = 21.18 years (SD = 2.35). Ethnicity of the sample 

was white British (65%), British Asian (12%), white European (11%), British African 

(10%), and mixed race (2%). All participants had normal or corrected-to-normal vision 

and hearing and no history of psychiatric disorder, epilepsy, or traumatic brain injury. 

3.3.3 Measures 
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3.3.3.1 Self-Report Questionnaires 

Participants completed the same measures of goal orientation (Finney, Pieper, 

and Barron 2004), internal mood state (Bond and Ladder 1974), and handedness 

(Oldfield 1971) used in Experiment 1. Experiment 2 also assessed participants’ self-

report levels of BIS/BAS (Carver and White 1994), eudaimonic well-being (Ryff and 

Keyes 1995), and hedonic well-being (PANAS; Watson, Clark, and Tellegen 1988). 

Please refer to Section 2.3.1 of Chapter 3 (page 58) for a full description of the self-

report measures. 

3.3.3.2 Cognitive and Behavioural Tasks 

Attention. The attention network test was identical to that in Experiment 1. 

Please refer back to Appendix 4 of Chapter 4 (page 281) for instructions on how to 

complete the test. 

Problem Solving. A computerised 4-disc variant of the Tower of Hanoi (ToH) 

task was used as a measure of planning time (number of moves) and processing speed 

(solution time). In brief, the ToH is a mathematical puzzle consisting of three rods and a 

stack of N discs of different size. The puzzle starts with the discs arranged in a neat 

stack in a bottom-to-top descending-size order. The aim is to perform the minimal 

number of moves to transfer the stack of discs from the leftmost (source) rod to the 

rightmost (destination) rod by adhering to three basic rules: (1) only one disc can be 

moved at a time, (2) only the topmost disc can be moved, and (3) a larger disc cannot be 

placed onto a smaller one. The ToH has different levels of complexity. The minimum 

number of disc-moves necessary to solve the puzzle with N discs is 2N - 1 (e.g., 15-

move problem for 4 discs as shown in Figure 7). 
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Figure 7. The 4-disc version of the Tower of Hanoi (ToH) puzzle. (A) puzzle-start 

setting. (B) puzzle-finish setting. The puzzle consists of 3 rods and 4 discs of varying 

sizes. The puzzle solution process calls for one-by-one disc moves from I (source rod) 

to III (destination rod).
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3.3.3.3 EEG Recording, Reduction, and Analysis 

Frontal EEG Asymmetry. Baseline EEG was recorded from 32 channels using 

the ActiveTwo system with Ag/AgCL electrodes (BioSemi, Amsterdam, The 

Netherlands). Electrodes were arranged according to the International 10-20 EEG 

placement system with a common average reference (refer back to Appendix 5 of 

Chapter 3, page 271 for topographic map representation of electrodes). Impedances 

were kept below 5 kΩ. Vertical (VEOGs) and horizontal (HEOGs) electro-oculograms 

were recorded for identification of eye movement artefact using bipolar electrodes 

placed at the supraorbital and infraorbital ridge of the left eye and the outer canthi of 

each eye, respectively. EEG recordings were obtained during 8 consecutive one-min 

resting conditions (4 eyes-open, 4 eyes-closed) in a counterbalanced order. 

EEG data were processed offline using BESA Research 6.0 software (BESA 

GmbH, Munich, Germany). Raw data were first down-sampled to 256 Hz and bandpass 

filtered with 1 low cut-off (6 dB/octave attenuation) and 30 high cut-off (12 dB/octave 

attenuation) using Fast Fourier Transformation. Epoched data were subjected to 

automatic eye-artefact correction using the adaptive method (Ille, Berg, and Scherg 

2002). Trials exceeding a threshold of ± 100 μV were excluded from the final analysis. 

Artefact-free segments were extrapolated into 1-sec blocks in the 8-13 Hz alpha band. 

After log-transforming the data, brain asymmetry scores (log right - log left 

power density) were computed for each of the six pairs of homologous sites. See 

Davidson, Jackson, and Larson (2000) for a full description of asymmetry metrics. 

3.3.4 Procedure 

Following approval from a university ethics committee, participants were 

recruited through a university research recruitment website. Prior to each testing 

session, participants were informed on the nature of the testing and their ethical rights 

(Appendix 15, page 299). A written consent was obtained (Appendix 16, page 301) 

along with basic background information (Appendix 17, page 302). Testing took place 

in an EEG lab and all the task instructions and questionnaire items were presented by 

the experimenter. As in Experiment 1, reading ability and comprehension were 

controlled for and clarity on the task instructions, question items, and manipulations 

was checked before proceeding. Participants first completed self-report measures of 

achievement goal orientation, internal mood state, handedness, BIS/BAS, eudaimonic 
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and hedonic well-being. They were then asked to follow a procedure similar to that of 

Experiment 1 with three exceptions. First, after completion of the attention test (i.e., 

ANTI-V), participants were also administered a problem-solving task (i.e., ToH). 

Second, participants were directly subjected to the reflective writing task manipulation 

from Experiment 1 (refer back to Appendix 7, page 286) and then were handed out 

printed laminated cards with one of four versions of motivational manipulations similar 

to those of Experiment 1 (refer back to Appendix 8, page 291). A computer-generated 

voice then repeated the instructions to reinforce the manipulation effect. Once the 

manipulation had been understood, the experiment continued with a repeat of the two 

cognitive tasks and finished with a manipulation check (refer back to Appendix 9, page 

292). Third, in contrast to Experiment 1 which used a behavioural measure of relative 

hemispheric activation, Experiment 2 used an electroencephalogram (EEG) to measure 

relative prefrontal activation. EEG was recorded for an 8-min resting period and levels 

of eudaimonic and hedonic well-being were re-assessed. Participants were then 

debriefed on the purpose of the experiment (see Appendix 18, page 303 for a full 

debrief form). Finally, any further questions were answered and everyone was thanked 

for their time and effort. The whole procedure lasted approximately 90 minutes in total. 

3.4 Results 

3.4.1 Data Screening and Preliminary Analysis 

All data were analysed using IBM SPSS Statistics for Windows v23.0 software 

(IBM Corp., Armonk, NY, USA). Data screening detected no univariate outliers with 

extreme values (i.e., z ≥ 3 or z ≤ -3). Pairwise comparisons using Bonferroni adjustment 

were computed and a p-value of .05 was adopted for all statistical tests. Visual 

inspection of the histograms yielded no violations of normality and the Shapiro-Wilk 

test supported this assumption. Follow-up analyses tested the assumptions of sphericity 

and homogeneity of variance. A Greenhouse-Geisser correction was applied to adjust 

for violations of sphericity in the brain asymmetry scores. Preliminary analyses on the 

manipulation check (see Figure 8, Appendix 19, page 304) revealed that the motivation 

manipulation was successful [χ2(12, N = 100) = 280.57, p < .001]. Results for the main 

effects are reported first, followed by the interaction and simple main effects. 
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3.4.2 Attention Network Scores 

Mixed ANOVAs for Correct Reaction Times (RTs) on the Attention Network Scores 

A 4 (motivation group) x 2 (experimental block) mixed between and within 

factorial ANOVA was computed to analyse the RTs on the ANTI-V. Table 3 presents 

the mean RT (ms) scores across the four motivational conditions pre and post 

manipulation. The analysis revealed significant main effects across time for executive 

control [F(1, 96) = 10.30, p < .01, ηp
2 = .10] and vigilance [F(1, 96) = 45.47, p < .001, 

ηp
2 = .32]. RTs fell significantly from baseline to the manipulation block (ps < .01). 

Significant interaction effects were also revealed for the executive control [F(3, 

96) = 5.51, p < .01, ηp
2 = .15], phasic alertness [F(3, 96) = 3.15, p < .05, ηp

2 = .09], 

orientation [F(3, 96) = 2.88, p < .05, ηp
2 = .08], and vigilance [F(3, 96) = 5.51, p < .01, 

ηp
2 = .15] global network scores. Although no group differences were established in 

processing speed at baseline, all groups reported significantly faster executive control 

RTs compared to the PAv group (ps < .001). The MAp group exhibited significantly 

faster phasic alertness and vigilance RTs relative to the PAv group (ps < .05). Figure 9 

shows significant differences between the motivation groups across the two test blocks. 

Mixed ANOVAs for Percentage of Errors on the Attention Network Scores 

Table 3 also presents the mean accuracy (% of errors) scores across the two 

blocks for each condition. A similar 4 (motivation group) x 2 (experimental block) 

mixed between and within factorial ANOVA revealed significant and weak main effects 

across time for the executive control [F(1, 96) = 6.82, p < .01, ηp
2 = .07] and orientation 

[F(1, 96) = 8.58, p < .01, ηp
2 = .08] global network scores. On average, participants 

made significantly fewer errors post manipulation relative to baseline (ps < .01).  

The ANOVA also revealed significant two-way interactions for the executive 

control [F(3, 96) = 2.98, p = .04, ηp
2 = .09], phasic alertness [F(3, 96) = 4.19, p < .01, 

ηp
2 = .12], and vigilance [F(3, 96) = 2.96, p = .04, ηp

2 = .09] scores. Whilst no 

significant group differences were observed at baseline, the MAp (ps < .01) and PAp 

(ps < .05) groups made significantly fewer executive control and phasic alertness errors 

compared to the PAv group post manipulation (see Figure 10). The MAp group reported 

significantly higher accuracy scores than the PAv group on the vigilance trials (p < .01).
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Table 3 

Experiment 2. Observed Mean (and Standard Deviation) Global Attention Network Scores for Reaction Time (ms) and Accuracy 

(Percentage of Errors) Across the Baseline and Goal Manipulation Blocks for Each Experimental Condition (N = 100) 

 

Note. A lower Reaction Time (ms) score represents better speed performance on an attention network. A lower Percentage of Error score 

represents better accuracy performance on an attention network.

Conditions Global Attention Network Scores 

 Correct Response Reaction Times (ms) Accuracy (% of Errors) 

Baseline 
Executive 

Control 

Phasic 

Alertness 
Orientation Vigilance 

Executive 

Control 

Phasic 

Alertness 
Orientation Vigilance 

Mastery Approach 31.7 (28.9) 25.1 (57.4) 19.6 (40.7) 688 (57.2) 5.92 (5.94) 4.20 (4.72) 5.00 (3.31) 12.7 (10.5) 

Mastery Avoidance 44.6 (67.0) 30.1 (55.5) 16.9 (25.2) 704 (75.3) 5.62 (5.39) 5.00 (4.56) 5.80 (6.24) 14.3 (20.9) 

Performance Approach 32.9 (35.3) 29.4 (43.2) 16.3 (27.4) 695 (69.5) 6.09 (3.72) 4.80 (4.67) 4.50 (4.79) 11.3 (8.63) 

Performance Avoidance 32.6 (54.1) 18.9 (41.1) 12.2 (21.2) 701 (85.3) 5.89 (4.44) 4.60 (4.31) 6.00 (5.15) 12.7 (13.4) 

Goal Manipulation         

Mastery Approach 4.63 (28.5) 2.26 (39.4) 4.88 (40.2) 626 (56.1) 2.98 (2.71) 1.80 (2.45) 2.90 (2.47) 5.33 (8.96) 

Mastery Avoidance 15.6 (28.1) 12.9 (41.9) 9.67 (33.2) 680 (71.8) 4.81 (3.78) 5.60 (5.83) 3.70 (3.32) 10.0 (9.62) 

Performance Approach 12.3 (25.8) 7.54 (40.1) 3.94 (35.4) 647 (67.5) 3.91 (4.24) 3.00 (4.33) 3.50 (4.68) 9.0 (11.8) 

Performance Avoidance 49.8 (38.7) 40.2 (55.4) 26.7 (40.7) 683 (88.5) 6.76 (3.72) 6.80 (5.12) 5.10 (3.85) 16.7 (15.8) 
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Figure 9. Experiment 2. Mean attention network scores (executive control, phasic alertness, orientation, and vigilance) for reaction time 

(ms) across the baseline and goal manipulation blocks for each experimental condition. 

Note. Significant differences (p < .05) between motivational conditions are denoted by a single asterisk (*).
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Figure 10. Experiment 2. Mean attention network scores (executive control, phasic alertness, orientation, and vigilance) for accuracy (% of 

errors) across the baseline and goal manipulation blocks for each experimental condition. 

Note. Significant differences (p < .05) between motivational conditions are denoted by a single asterisk (*).
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3.4.3 Problem-Solving Scores 

Mixed ANOVAs for Mean Number of Moves and Solution Time Scores on the ToH Task 

A 4 (motivation group: mastery approach, mastery avoidance, performance 

approach, performance avoidance) x 2 (time: baseline, motivational manipulation) 

mixed factorial ANOVA was used to analyse the mean (A) number of moves and (B) 

solution time (in sec) scores. Figure 11 shows (A) and (B) for each motivation group at 

baseline and post goal manipulation. While no significant interactions were apparent 

between the motivational groups across time, there were some significant main effects. 

Number of Moves  

A significant and moderate between-group main effect emerged between 

motivational conditions post manipulation [F(3, 96) = 3.21, p = .03, ηp
2 = .10], with the 

MAp group performing significantly fewer moves on the task (M = 21.66, SD = 5.36) 

compared to the PAv group (M = 28.08, SD = 11.98). A significant and moderate 

within-group main effect was also evident across time [F(1, 96) = 8.95, p < .01, ηp
2 = 

.09], whereby the number of moves completed to solve the puzzle significantly fell in 

all groups from baseline (M = 26.51, SD = 10.73) to post manipulation (M = 23.36, SD 

= 8.80). No significant interaction effect emerged between time and motivation group. 

Solution Time (in seconds) 

A significant and moderate between-group main effect was found for solution 

time post manipulation [F(3, 96) = 3.08, p = .03, ηp
2 = .09]. On average, the MAp group 

(M = 63.16, SD = 45.45) solved the puzzle significantly faster than the PAv group (M = 

106.3, SD = 88.30). A significant and strong within-group main effect was also 

observed across time [F(1, 96) = 30.56, p < .001, ηp
2 = .24], with a significant decrease 

in solution time from baseline (M = 97.58, SD = 77.32) to post manipulation (M = 

64.07, SD = 45.14). Results revealed no significant interaction effect between time and 

motivation group.
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Figure11. Mean number of moves (A) and solution time (B) scores on the Tower of Hanoi (ToH) task between motivational conditions at 

baseline compared to post goal manipulation. 

Note. Significant differences (p < .05) between motivational conditions are denoted by a single asterisk (*).
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3.4.4 Frontal EEG Asymmetry Scores 

Mixed ANOVAs for Frontal EEG Asymmetry Scores 

A 4x6 repeated measures mixed ANOVA was run on six frontal EEG 

asymmetry scores (F4-F3, F8-F7, AF4-AF3, FP2-FP1, FC2-FC1, and FC6-FC5) to 

assess individual differences in the asymmetry of resting frontal brain activation 

between the groups. A significant and moderate interaction between motivation group 

and EEG asymmetry emerged [F(10.71, 342.80) = 4.13, p < .001, ηp
2 = .11]. As shown 

in Figure 12, the two approach groups exhibited greater relative left, than right, 

prefrontal (FP2-FP1) activation compared to the two avoidance groups, which exhibited 

greater relative right, than left, prefrontal activation (ps < .01). Simple effects further 

revealed that all groups exhibited increased relative left frontal (F4-F3) activation 

compared to the PAv group, which exhibited increased relative right frontal activation 

(ps < .01). Follow-up ANCOVAs ruled out the possibility that the effect of goal 

manipulation on frontal EEG asymmetry was mediated by the influence of the BIS/ 

BAS. The mean score for BIS and BAS was separately entered into the analysis as a 

statistical covariate. The interaction effect remained statistically significant (ps < .05). 

3.4.5 Hedonic and Eudaimonic Well-Being Scores 

A 2 (time) x 4 (motivational condition) repeated measures mixed factorial 

ANOVA was run on each of the measures of hedonic (PA and NA) and eudaimonic 

(PWB) well-being. Table 4 presents changes in mean eudaimonic and hedonic well-

being scores from baseline to post goal manipulation for each motivational condition. 

One-Way Independent-Samples ANOVA on Hedonic Well-Being (PA and NA) Scores 

There were significant and moderate to strong main effects for PA across time 

[F(1, 96) = 21.63, p < .001, ηp
2 = .18] and between motivation groups [F(3, 96) = 3.99, 

p = .01, ηp
2 = .11], with significantly higher scores in the test condition compared to the 

baseline condition (p < .001) and in the PAp group relative to the PAv group (p < .01). 

Whilst there were no main effects for NA, some significant and strong two-way 

interactions were evident for PA [F(3, 96) = 7.33, p < .001, ηp
2 = .19] and NA [F(3, 96) 

= 7.71, p < .001, ηp
2 = .19]. Pairwise comparisons revealed no significant differences at 

baseline but post manipulation the two approach groups had higher PA scores (p < .01) 

and the MAp group had lower NA scores (p = .02) than the PAv group (see Figure 13). 
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One-Way Independent-Samples ANOVA for Eudaimonic Well-Being Score (PWB) 

The analysis revealed significant and strong main effects for time [F(1, 96) = 

30.33, p < .001, ηp
2 = .24] and motivation group [F(3, 96) = 4.74, p < .01, ηp

2 = .13], 

with significantly higher scores post manipulation compared to baseline (p < .001) and 

in the MAp group relative to the PAv group (p < .01). 

A significant and strong interaction effect was also found between the 

motivational conditions across time [F(3, 96) = 16.93, p < .001, ηp
2 = .35]. Whilst no 

significant group differences were evident at baseline, the MAp group reported 

significantly higher PWB scores than the MAv (p < .01) and PAv (p = .001) groups 

following the manipulation (see Figure 14). Finally, the PAp group reported 

significantly higher PWB scores compared to the PAv group (p = .02). 

Table 4 

Experiment 2. Between-Group Comparison of Mean (and Standard Deviation) Hedonic 

(Positive Affect and Negative Affect) and Eudaimonic Well-Being Scores Across 

Baseline and Goal Manipulation Conditions (N = 100) 

 

Motivation Group 

Well-Being 

Eudaimonic 

(PWB) 

Positive Affect 

(PA) 

Negative Affect 

(NA) 

Baseline    

Mastery Approach 4.74 (.53) 3.59 (.63) 1.90 (.76) 

Mastery Avoidance 4.77 (.48) 3.70 (.65) 1.59 (.43) 

Performance Approach 4.81 (.51) 3.67 (.62) 1.76 (.52) 

Performance Avoidance 4.51 (.66) 3.34 (.65) 1.81 (.65) 

Post Goal Manipulation    

Mastery Approach 5.34 (.48) 4.04 (1.0) 1.57 (.45) 

Mastery Avoidance 4.77 (.48) 3.70 (.65) 1.72 (.50) 

Performance Approach 4.97 (.52) 4.21 (.60) 1.76 (.52) 

Performance Avoidance 4.51 (.66) 3.34 (.65) 2.01 (.56) 

 

Note. PWB was a score between 1-6, where higher scores correspond with higher 

eudaimonic well-being; PA and NA were scores between 1-5, where higher PA scores 

and lower NA scores correspond with higher hedonic well-being;
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Figure 12. Mean (A) prefrontal (FP2-FP1) and (B) frontal (F4-F3) brain asymmetry scores across motivational conditions. Positive values 

indicate relative left EEG activation. Negative values indicate relative right EEG activation. 

Note. Significant differences (p < .05) between motivational conditions are indicated by a single asterisk (*).
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Figure 13. Mean scores for positive (A) and negative (B) affect between motivational conditions at baseline and post goal manipulation. 

Note. Significant differences (p < .05) between motivational conditions are indicated by a single asterisk (*).
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Figure 14. Mean scores for eudaimonic well-being between motivational conditions at 

baseline and post goal manipulation. 

Note. Significant differences (p < .05) between motivational conditions are indicated by 

a single asterisk (*). 

3.5 Discussion 

As in Experiment 1, it was predicted that the approach dimensions of 

motivation, compared to the avoidance, would facilitate the three attentional networks. 

The present results fully replicated the results of Experiment 1. After goal manipulation, 

participants in both approach goal conditions reacted faster and made fewer errors than 

those in both avoidance goal conditions compared to baseline. Further, the mastery-

approach goals have been consistently found to predict greater use of metacognitive 

learning strategies (e.g., Muis and Franco 2009; Vrugt and Oort 2008). In line with 

expectations, Experiment 2 found that the mastery-approach group made fewer moves 

and required less time to solve the ToH puzzle than the performance-avoidance group. 

Overall, the present results support the notion that the approach and specifically the 
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mastery-approach goal conditions improve functioning of the three attentional networks 

and facilitate planning time and processing speed during problem solving. 

Findings from the EEG variables followed expectations from previous work that 

supports the approach-withdrawal model (Davidson 1993, 1998; Sutton and Davidson 

1997). Fronto-cortical specific EEG analyses revealed that approach goal conditions 

were associated with greater relative left, than right, prefrontal activation, whereas 

avoidance goal conditions were associated with greater relative right, than left, 

prefrontal activation. The effects found here provided further support for the LBT as an 

efficient and unobtrusive behavioural neuroscience measure of approach motivation 

(Nash, McGregor, and Inzlicht 2010). However, it remains unclear and difficult to 

determine the precise neural mechanisms underlying achievement motivation. Future 

studies could expand the use of psychophysiological measures of brain function by 

combining neuroimaging techniques (e.g., fMRI) with experimental designs. 

Dimensions of achievement motivation were also explored on the variables of 

hedonic (high positive affect, low negative affect) and eudaimonic well-being. Overall, 

whilst levels of negative affect decreased in the mastery-approach condition, levels of 

positive affect and psychological well-being increased in both approach conditions. 

Increases in negative affect were evident in the performance-avoidance condition. These 

findings extended past research on achievement goals and well-being and support 

theory and evidence that approach goal types are generally more beneficial for hedonic 

and eudaimonic well-being than avoidance goal types (e.g., Tamir and Diener 2008). 

Together, the findings from the two experiments are the first to suggest that 

mastery-approach and performance-approach conditions increase attentional control, 

problem solving, and relative left prefrontal brain activation. The pursuit of adaptive 

goal types is likely to result in reductions in negative affect and increases in positive 

affect and eudaimonic well-being. The following section highlights the limitations of 

the present research and suggests possible directions for moving the literature forward.
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4. Overall Discussion 

Whilst theory has linked motivation with attention and problem solving, 

research between these areas is scarce. Preliminary links have been established between 

approach and avoidance valences of motivation and aspects of attentional control as 

well as problem solving. Further research has also linked approach and avoidance 

motivational cues with patterns of relative brain activation as well as states of affective 

arousal and indices of subjective and psychological well-being. Experimental work, 

however, has been limited to the approach and avoidance valences and mainly 

overlooked associations with the mastery and performance dimensions of motivation. 

The present research included two experiments. The purpose of the first 

experiment was to use the 2x2 model of AGT to investigate possible factors that 

influence attention. A second purpose was to investigate any effects of motivation on 

brain activation and affective responses that combine dimensions of motivational 

direction (approach or avoidance) and emotional valence (positive or negative). The 

second experiment sought to replicate any motivational effects on attention and further 

investigate their influence on planning time and processing speed during performance 

on the Tower of Hanoi (ToH) task. In this second experiment, the links between 

achievement motivation and brain activation were also examined through the use of 

objective EEG measures. Finally, the impact of motivation on hedonic and eudaimonic 

well-being variables was tested. The approach conditions of motivation led to increased 

attentional functioning, problem solving, well-being, and relative left side brain 

activation. In contrast, the avoidance conditions of motivation were associated with 

decreased attentional functioning, problem solving, well-being, and relative right side 

brain activation. Although most hypotheses were supported, the need for longitudinal 

investigations is addressed along with other possible directions for further research. 

4.1 Achievement Motivation and Attentional Networks 

Combined scores for the attentional networks of selective attention, orientation 

attention, and sustained attention, including phasic alertness, were assessed using RTs 

to measure speed of response and percentage of errors as a measure of accuracy. Based 

on previous work, the approach conditions were expected to improve attentional control 

and the avoidance conditions were expected to inhibit attentional control (Förster et al. 
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2006; Friedman and Förster 2005b; Memmert and Cañal-Bruland 2009). In line with 

expectations, main and interaction effects were evident between the motivational 

conditions across time for all attention network scores. A significant increase in speed 

and accuracy across the baseline and test blocks of trials suggests that adaptive 

motivational types are associated with the performance-approach and particularly the 

mastery-approach goal conditions. A significant decrease in speed and accuracy was 

found across the two blocks in the mastery-avoidance and especially the performance-

avoidance and control conditions, which showed the worst levels of attentional control. 

A further extension of this work was the inclusion of a measure of vigilance or 

sustained attention (see Sage, Stanley, and Krastev in preparation). Similar to the results 

for the other attentional networks, main effects were found across time and between 

motivational conditions. Interaction effects in RTs and accuracy scores were revealed 

for time and motivational manipulation. Speed of response increased from baseline to 

the test block in all the conditions except the performance-avoidance and control 

conditions where RTs lengthened. Percentage of errors only reduced across time in the 

mastery-approach condition. In accordance with the attentional network results, 

sustained attention was found to improve after all motivational manipulations, with the 

two approach conditions of motivation displaying the best levels of sustained attention. 

Findings of improved attentional control in the approach conditions of 

motivation replicated preliminary findings that have indicated approach and avoidance 

motivational valences influence attention (e.g., Friedman and Förster 2005; Memmert 

and Caňal-Bruland 2009). It is possible that the link between motivation and attention is 

not limited exclusively to the selective attention measured in previous studies. Recent 

field studies have found effects of achievement goals on attentional networks across 

levels of primary, secondary, and higher education (see Sage, Stanley, and Krastev 

under review). The explanation offered here is that individuals who are subjected to 

motivational conditions where the emphasis is on task mastery and learning or 

demonstration of competence relative to others are more likely to enjoy the task and 

engage cognitive resources afforded to attentional functioning. The complexity and 

dynamic nature of the motivational involvement can be better controlled in lab studies. 

However, most experiments have used manipulations that entailed pursuit of the same 

hypothetical goal scenarios, either helping a mouse find a cheese (approach-cue) or 
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escape from an owl (avoidance-cue) (e.g., Förster et al. 2006; Friedman and Förster 

2005a, 2005b; Memmert and Cañal-Bruland 2009). Whilst experimental studies have 

used different goal contents to manipulate regulatory focus, such as consumer behaviour 

(Werth and Förster 2006) or braking speed in driving (Werth and Förster 2007), such 

studies have largely overlooked links with attention variables. 

4.2 Achievement Motivation and Problem Solving 

Experiment 2 set out to understand motivational factors that underlie successful 

problem-solving performance on the Tower of Hanoi (ToH) puzzle. Performance on the 

ToH assessed solution speed as a reflection of both planning time and processing speed. 

Based on previous work, and in accordance with findings in attention, the approach goal 

conditions were predicted to improve problem-solving ability and the avoidance goal 

conditions were expected to inhibit problem-solving ability (Bjørnebekk, Gjesme, and 

Ulriksen 2011; Friedman and Förster 2000, 2005b; Darnon et al. 2007). Main effects 

were evident across time and between the motivational conditions, with a significant fall 

in the number of moves and solution time from baseline to post manipulation in the 

mastery-approach condition compared to the performance-avoidance condition. 

Findings of improved problem solving in the approach conditions supported 

previous work in this area (e.g., Friedman and Förster 2000, 2005b). Whilst previous 

studies have focused on the influence of approach and avoidance valences on various 

domains of problem solving, research exploring the influence of motivational types on 

problem-solving ability in different achievement goal-type situations is scarce. Mastery 

goals have been consistently linked with better learning, performance, and achievement 

mainly in educational contexts (Ames 1992, Elliot and Church 1997; see Meece, 

Anderman, and Anderman 2006 for a review). One study has found that pupils high in 

the motive to achieve success solved problems significantly better under the mastery 

condition than the performance condition (Bjørnebekk, Gjesme, and Ulriksen 2011). 

However, studies have largely adopted ill-structured problems with multiple solution 

options and procedures which fail to assess important aspects of executive functioning 

(e.g., Voss 2006). An advantage of well-structured problems such as the ToH is that it 

measures key executive functions such as spatial working memory (Handley et al. 2002) 

as well as planning time and processing speed (Davies 2003). The impact of mastery-

approach goals on problem solving can largely be explained by its nature and sensitivity 
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to situational factors. Motivational conditions that emphasise task mastery and learning 

are more likely to engage cognitive resources that lead to (1) strategic abstraction of the 

problem during the solution search process (planning time) and (2) speed of strategy 

implementation during the problem-solving process (processing speed). 

4.3 Achievement Motivation and Hemispheric Activation 

Experiment 1 supported the hypothesis, derived from the work of Derryberry et 

al. (Derryberry and Reed 1998; Derryberry and Tucker 1998), that approach, compared 

to avoidance, motivational cues engender relatively greater left, than right, hemispheric 

activation. Although research on achievement motivation and hemispheric activation is 

scarce (e.g., Friedman and Förster 2005b), Experiment 1 revealed that this pattern of 

activation is not only limited to approach or avoidance valences but it also reflects 

cognitive-dynamic representations of competence-based possibilities that regulate 

achievement behaviours and outcomes. Further analyses revealed that the link between 

mastery-approach motivation and left side brain activation was not mediated by the 

influence of task manipulations on transient emotional arousal or perceptions of task 

performance, enjoyment, effort, and difficulty. Mastery-approach conditions appear to 

affect task performance by shifting perceptual asymmetry towards the right visual space 

and increasing the activation of the left hemisphere. Thus, it is likely that adaptive goal 

conditions not only facilitate attentional control and problem solving but also facilitate 

performance on a range of tasks associated with differential left hemispheric processing. 

Findings of lateralised hemispheric activation were extended in Experiment 2. 

The approach motivation conditions of performance-approach and particularly the 

mastery-approach condition were reliably associated with relative left prefrontal EEG 

activation. In contrast, the avoidance motivation conditions of mastery-avoidance and 

particularly the performance-avoidance condition were reliably linked with relative 

right prefrontal EEG activation. Follow-up EEG analyses ruled out the possibility that 

these effects were mediated by the BAS and BIS, previously associated with left- and 

right-side prefrontal EEG activation, respectively (Coan and Allen 2003a; Sutton and 

Davidson 1997). These preliminary findings support and extend Davidson’s approach-

withdrawal model of frontal brain asymmetry (Davidson 1992b; Sutton and Davidson 

2000). The model suggests that the frontal regions of the brain are the region of a 

‘convergence zone’ for two separate motivational systems, approach and withdrawal, 
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involved in the regulation of emotion and lateralised to the left and right hemispheres 

respectively. The left PFC becomes active in a state of approach goal involvement that 

motivates individuals to either improve their own performance according to self-set 

standards (i.e., mastery approach) or compare their own performance and effort relative 

to others (i.e., performance approach). In contrast, the right PFC becomes active in a 

state of avoidance goal involvement that makes individuals withdrawal from a stimulus. 

In sum, using two different measures of relative hemispheric activation, the 

results of the present experiments provided convergent support for the notion that the 

mastery-approach and performance-approach motivational conditions lead to greater 

relative activation of the left hemisphere. In contrast, the mastery-avoidance and 

performance-avoidance goal conditions result in greater relative activation of the right 

hemisphere. Accordingly, individuals who are subjected to motivational conditions 

where the emphasis is on task mastery and self-improvement or demonstration of 

competence compared to others exhibit greater relative left-side PFC brain activation. 

Alternatively, individuals who are allocated to motivational conditions where the main 

focus is on avoiding a decline in individual performance or avoiding demonstration of 

incompetence relative to others report greater relative right-side PFC brain activation. 

4.4 Achievement Motivation and Hedonic/Eudaimonic Well-Being 

Findings on the affective variables supported the hypothesis in Experiment 1. 

Studies have predominantly used a dichotomous model of achievement goals (mastery 

vs. performance) and a two-dimensional conception of affective states (positive vs. 

negative) that does not account for the influence of motivational direction (approach vs. 

avoidance) in emotional experience (e.g., Pekrun, Elliot, and Maier 2006). Few 

expectations were predicted due to the explorative nature of this part of the research but 

it was important to distinguish between emotional valence (i.e., hedonic tone) and 

motivational direction (i.e., approach or avoidance) associated with affective experience 

(Carver, Sutton, and Scheier 2000; Higgins 2000). Interaction effects revealed that 

participants in the approach conditions had higher levels of approach-related positive 

affect than those in the performance-avoidance condition who had higher levels of 

avoidance-related negative affect. These findings emerged after the manipulation 

compared to baseline. Thus, it appears that the mastery-approach and performance-

approach goal conditions constitute a cognitive focus on the prospect of achieving 
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positive and avoiding negative affective experiences. In contrast, the performance-

avoidance goal condition appears to reverse the pattern of affective experience. The 

links between achievement goals and affective responses further confirm that the 

valence of an emotion is contingent on the motivational direction of an emotion. 

A further extension of the current study on previous work was the investigation 

of links between achievement goals and indices of hedonic (subjective) and eudaimonic 

(psychological) well-being. However, extant literature on how achievement goals 

influence well-being is inconsistent and experimental work in this area is sparse. 

Further, the achievement goal research is particularly limited to various affective 

measures of subjective well-being (e.g., PA/NA). Research between these areas offers 

little insight into the broader well-being outcomes associated with eudaimonic pursuits 

and approach or avoidance valences (Tamir and Diener 2008). Experiment 2 extended 

previous findings by showing that the mastery-approach and performance-approach 

conditions were associated with higher levels of hedonic and eudaimonic well-being. In 

contrast, the performance-avoidance condition was associated with lower levels of well-

being. Findings of improved well-being also build on limited work that relates neural 

correlates of well-being to goal-directed approach tendencies (Urry et al. 2004). This is 

especially the case for levels of well-being under the approach condition of mastery and 

performance motivation. However, any maladaptive motivational types such as the 

performance-avoidance goal may have long-term negative repercussions on affective 

states or psychological functions and eventually lead to emotional problems over time. 

The present findings suggest that individuals experience higher levels of hedonic and 

eudaimonic well-being under the approach (cf., avoidance) conditions of motivation. 

4.5 Limitations and Future Directions 

In spite of addressing several important limitations of previous work and 

including a range of key variables, there are aspects of the design that could be 

considered in future research. A veritable challenge of any study manipulating 

motivation is maintaining the motivation type over the course of the experiment. In 

spite of the different manipulations, refreshment of the manipulation, controls for 

personal motivation, and the successful manipulation check, dynamic fluctuations in 

motivation would still be driven by many social factors and possibly higher-order goals. 

These could interfere with the motivational conditions and obscure any clear differences 



142 

 

 

emerging between the groups (see Sage, Stanley, and Krastev in preparation). To 

control for fluctuations in motivation, future studies could try using experience 

sampling methods to accurately and repeatedly measure situational motivation over the 

course of the task(s). This would also minimise the chance of the single manipulation 

check being answered in relation to the manipulation group participants were allocated 

to, rather than their actual situational motivation in-task. Other suggestions would be to 

strengthen the motivational climate adding more motivational reminders and using 

priming tasks or even matching individual’s dominant motivation type to a similar 

motivational manipulation. These adaptations should strengthen any effects of 

motivation on cognitive processing, hemispheric activation, and affective experience. 

Another key consideration is the need for more systematic longitudinal research. 

A productive agenda for future studies would be to investigate whether situationally 

induced motivational climates that are controlled and sustained over time could 

influence stability of prefrontal activation asymmetry and trait levels of psychological 

well-being. It is expected that maintaining motivation over a longer period of time and 

aggregating data across multiple sessions would help to improve the effect sizes 

reported herein. Another direction for longitudinal research would be to explore the 

interplay between dispositional goal orientations and perceptions of the motivational 

climate, perhaps using more neuroanatomical measures of regional brain function such 

as fMRI. It appears that randomised and longitudinal controlled trials are necessary to 

investigate the causal role of motivational climates and motivational consequences. 

4.6 Applications of the Findings 

Although future studies are encouraged to explore any long-term motivational 

effects associated with various cognitive, behavioural, neural, and well-being variables, 

there are still practical implications that can be inferred from the current findings. For 

short-duration novel tasks of arbitrary value, it appears the type of motivational climate 

affects cognitive processing of attention and problem solving. Of similar importance is 

the finding that the type of motivational climate also influences patterns of hemispheric 

activation as well as subjective and psychological indices of well-being. Caution is 

warranted, however, as indications from recent research (Sage, Stanley, and Krastev in 

preparation) and mediation effects in Study 1 (Chapter 3) suggest that cognitive, 

emotional, and well-being variables are differentially affected by achievement goals. 
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Indications are that mastery and approach valences are related to increases in left 

prefrontal activation. The interplay between motivational and psychophysiological 

factors should lead to long-term benefits in hedonic and particularly eudaimonic well-

being that could influence attentional networks and problem-solving strategies over 

longer periods of time than were assessed in this research. Such interpretations can 

provide a potential area for developing theoretical formulations of motivation. 

Nearly all of the significant effects on the dependent variables reported in this 

research involved achievement goals grounded in an approach valence of competence. 

Of particular importance are the merits of mastery-approach goals, compared to 

performance-avoidance goals, in facilitating students’ cognitive emotional processing. 

This research could assist policy makers and practitioners in creating environments that 

support the adoption of targeted motivational strategies associated with adaptive 

outcomes for students. For example, a recommendation for classroom practitioners 

would be to embrace approach goal-specific instructions that define learning in terms of 

self-improvement and mastering a new skill. In contrast, a classroom goal structure with 

a high emphasis on competitive, low-ability student performance may have detrimental 

cognitive and emotional effects on students in the long term. One way to encourage 

teachers to reflect on and adapt their pedagogical practices would be to promote and 

explore how adaptive goal climates can be assimilated with classroom tasks through 

professional development programs. Collaborative opportunities for discourse on the 

motivational influences of teacher and school practices should encourage educational 

developments that benefit all learners, including the practitioners themselves. 

5. Conclusions 

Links between aspects of achievement motivation and a range of cognitive, 

social, behavioural, psychophysiological, and affective variables were established 

across two experiments. The present research extended previous experimental studies 

by replicating and adding to findings within the student population and across broader 

measures of attentional networks and problem solving. The findings from Experiment 1 

revealed higher levels of attentional functioning in the approach goal conditions 

compared to the performance-avoidance goal condition. Further, the approach 

conditions of motivation were associated with right line-bisection bias (i.e., left 

hemispheric activation) and conditions of avoidance motivation were associated with 
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left line-bisection bias (i.e., right hemispheric activation). Experiment 2 extended 

cognitive findings by demonstrating the importance of mastery-approach involving 

climates in developing strategies that are conceptual and abstract enough to transfer to 

novel problem-solving situations. Findings of motivational effects on hemispheric 

activation were fully replicated in Experiment 2, this time using objective EEG 

measures of relative prefrontal activation. Predictions from well-being variables were 

also supported. The mastery-approach and performance-approach goal conditions 

reported higher levels of approach-related positive affect and eudaimonic well-being. In 

contrast, the performance-avoidance goal condition reported highest levels of 

avoidance-related negative affect and lowest levels of approach-related positive affect 

and eudaimonic well-being. All the findings are consistent in terms of the importance of 

mastery-approach goal types for teacher classroom practices. These experiments are an 

important first step in integrating a range of key variables in the study of achievement 

motivation. This integration sets the stage for understanding the role of achievement 

goals in implementing change in cognitive, psychophysiological, and emotional 

processing. Future studies should consider using prospective longitudinal designs in 

order to further our understanding of this complex area of study.
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Abstract 

In this experiment, achievement motivation was manipulated on free recall for 

emotionally positive, negative, and neutral words. Event-related potentials (ERPs) were 

recorded to investigate the time course and dynamic neural activity involved in 

emotional word processing. A total of 125 participants (n = 32 males, n = 92 females, 

Mage = 20.50 years) were randomly assigned to an achievement goal condition (mastery 

approach, mastery avoidance, performance approach, performance avoidance, or 

control) and ERPs were recorded during performance on a free recall task pre and post 

manipulation. Recall accuracy was highest in the mastery-approach condition and 

lowest in the performance-avoidance and control conditions. Participants recalled 

significantly more positive than negative and neutral words post manipulation. ERP 

data revealed that motivational involvement modulated emotional word processing. 

Increases in early 100-300 ms parieto-occipital amplitudes were elicited in the 

avoidance goal conditions in response to negative words. Valence-specific analysis 

yielded larger 300-600 ms frontal amplitudes elicited in the mastery-approach condition 

in response to positive words and in the performance-avoidance condition in response to 

negative words. Increases in late 600-1200 ms amplitudes were observed in the left and 

right prefrontal areas in response to emotional (positive vs negative) and motivational 

(mastery-approach vs performance-avoidance) manipulations. This lateralisation is 

consistent with the notion that motivational direction drives asymmetric frontal brain 

activity in the processing of emotional valence. The findings highlight the potential 

benefits of mastery-approach goals in processing and retrieval of emotional information.
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1. Introduction 

There has been a recent rejuvenation of interest in studies investigating 

motivation-cognition interactions. Despite previous controversies, the premise that 

motivation has an important influence on cognitive functioning is now widely 

acknowledged (Kunda 1990). Researchers using a variety of experimental paradigms 

across multiple disciplines have established motivational influences on cognitive 

processes such as perception, attention, memory, problem-solving, and decision-making 

(for reviews, see Dunning 1999; Higgins and Molden 2003; Madan 2017). However, 

research on the relationship between motivation and memory has received little 

empirical attention and remains at a nascent level of development. The present research 

seeks to address this void, focusing specifically on how achievement goals influence 

free memory recall of emotionally positive, negative, and neutral word stimuli. 

Parallel to empirical perspectives on memory and motivation, the question of 

how the human brain memorises emotional experiences has intrigued cognitive 

psychologists and neuroscientists since the early works of William James (1890). Most 

empirical studies have focused on the perception and evaluation of emotional stimuli 

(emotional processing) and on the effects of emotion on memory formation (emotional 

memory). To date, research on emotional processing has used primarily photographic 

representations of emotionally evocative stimuli, including facial expressions and 

emotional pictures (e.g., Mather et al. 2006). Through the manipulation of abstract 

symbolic representations, humans can utilise more abstract codes such as language to 

encode and transmit subtle and complex ideas. In addition to the direct biological cues 

of facial expressions and emotional pictures, words also represent emotions encoded 

and externalised at a symbolic level. Emotion research has recently focused on the 

neurophysiological mechanisms that function in emotional memory processing. 

Emotional memories are characterised by a complex network of neural 

representations in the brain. When this network is activated by an emotionally charged 

stimulus, it triggers a recollection of a particular event. Emotional events are often 

prioritised in memory over neutral events (e.g., Dolcos and Cabeza 2002; LaBar and 

Cabeza 2006). This effect is attributed to emotional arousal which grants the emotional 

prioritisation over multiple phases of memory (i.e., encoding, consolidation, storage, 

retrieval) using different approaches that range from lesion, neuropsychological, and 
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pharmacological research to functional neuroimaging studies (reviewed in Dolcos, 

LaBar, and Cabeza 2006; Hamann 2001; LaBar and Cabeza 2006; Lane and Nadel 

2000; LeDoux 2000; McGaugh 2004; Murty et al. 2010; Phelps 2004). Findings from 

behavioural studies indicate uncertainty in the neural correlates of the memory-

enhancing effect of emotion and particularly their temporal characteristics. The 

variability in encoding information can be indexed in electroencephalographic (EEG) 

data by studying event-related potential (ERP) correlates of emotional stimulus 

processing. ERPs have been used to record the temporal characteristics of words of 

different emotional valence (Scott et al. 2009). An advancement of research is required 

that uses the temporal resolution of ERP techniques to examine the time course and 

amplitude of the ERP correlates of emotional word processing. 

The following literature integrates areas of neuroscience, motivation, emotion, 

and cognition by addressing the following research questions: (1) How achievement 

goal involvement influences free memory recall, (2) Why emotion-laden words are 

prioritised over neutral words during the encoding stage of memory, and (3) What 

neural mechanisms appear to be involved in the processing of emotional information. 

1.1 The Effects of Achievement Goals on Memory Processing 

Achievement Goal Theory (AGT; Ames, 1992; Dweck, 1986, Elliot, 1999, 

Nichols, 1984) suggests that an individual’s involvement in achievement situations 

(motivational involvement) is held to be the function of their cognitive disposition 

towards a particular achievement goal (goal orientation) and the social environmental 

factors created by parents, peers, teachers, coaches, and tasks (motivational climate). At 

a situational level, the interaction between the personal cognitive and social 

environmental factors results in a psychological state known as the motivational 

involvement. This dynamic process is determined by a network of complex interactions 

between an individual and the social milieu. Achievement goals are conceptualised as 

the cognitive-dynamic focus of one’s competence-relevant engagement in achievement 

settings (Dweck 1986, Elliot 1997, 1999, 2005; Nichols 1984). In the trichotomous 

model of AGT (see Elliot and Church 1997; Elliot and Harackiewicz 1996), competence 

is the conceptual core of the goal construct and is measured along the two dimensions of 

definition and valence. Competence is defined in terms of intrapersonal- or task-

referenced standards termed mastery goals or normatively-referenced standards termed 
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performance goals. Competence is valenced in terms of an approach towards positive 

and desirable possibilities or avoidance of negative and undesirable possibilities. Both 

dimensions of competence are considered to be essential components of achievement 

motivation. The 2x2 framework of AGT (see Elliot 1997; Elliot and McGregor 2001; 

Elliot and Murayama 2008) differentiates between four individual achievement goals. 

Mastery-approach goals focus on developing one’s competence. Mastery-avoidance 

goals focus on avoiding demonstration of one’s incompetence. Performance-approach 

goals focus on developing one’s competence relative to others. Performance-avoidance 

goals focus on avoiding demonstration of one’s incompetence relative to others. 

The extensive literature in achievement motivation highlights how adoption of 

the four goals can lead to different outcomes of cognition, emotion, and behaviour 

across a range of traditional (e.g., education, health, sport, occupation) and non-

traditional (e.g., avocational activities) achievement contexts. Overall, mastery-

approach and performance-approach goals have been associated with positive outcomes 

and adaptive patterns of behaviour such as positive affect, general well-being, effort, 

enjoyment, interest, deep-level cognitive processing, and effective learning strategies 

(for reviews, see Moller and Elliot 2006; Hulleman et al. 2010; Senko, Hulleman, and 

Harackiewicz 2011). By contrast, mastery-avoidance and performance-avoidance goals 

have typically been associated with negative outcomes and aversive patterns of 

behaviours such as negative affect, anxiety, low self-esteem, self-handicapping, poor 

performance and achievement. However, there is still much to be investigated on the 

effects of achievement goals on cognitive and neurophysiological outcomes. One key 

area for further examination is the impact of situational achievement goal involvement 

on cognitive performance following visual presentation of emotion-laden stimuli. 

Competence plays an integral role in the storage, consolidation, and retrieval of 

information and it therefore appears likely that one’s definition of competence, or goal 

involvement, will affect memory processing. Empirical support for an effect of 

achievement motivation on memory is scarce and the emergent findings are equivocal. 

Researchers have used various instructions on the scope, aim, and utility of a task or 

activity to manipulate achievement goals in laboratory settings. For example, Graham 

and Golan (1991) manipulated the mastery and performance dimensions of approach 

motivation and found that mastery-approach goals, relative to performance-approach 
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goals, enhanced cued recall of words encoded at deep rather than shallow levels of 

processing. Ikeda, Castel, and Murayama (2015) found that mastery-approach goals 

eliminated retrieval-induced forgetting. This effect was not repeated for performance-

approach goals. Recent studies, however, failed to replicate these findings (Barker, 

McInerney, and Dowson 2002; Ikeda et al. 2016). Escribe and Huet (2005) manipulated 

participants’ dominant goal orientation prior to a free recall task and found superior 

maintenance of memory strategies for mastery-approach goals over performance-

approach goals. Murayama and Elliot (2011) examined the effects of achievement goals 

on memory performance in a remember-know paradigm and found that mastery-

approach goals increased correct responses on a delayed recognition test, whereas 

performance-approach goals improved correct responses on an immediate recognition 

test. The authors interpreted these time-dependent effects in terms of the different 

encoding processes promoted by the two types of achievement goal. It is apparent that 

achievement goal research investigating free recall of words has focused on 

understanding the mastery and performance components of approach motivation and 

largely overlooked associations with dimensions of avoidance motivation. 

1.2 Emotional Enhancement of Memory Encoding 

As outlined above, achievement goal involvement at the time of encoding 

appears to moderate free recall processing.  However, existing research on achievement 

goals and memory is scarce and the inconsistent findings limit any explanations. 

Extensive literature supports the idea that emotionally charged stimuli tend to be 

remembered better than emotionally neutral stimuli - an effect known as emotional 

memory advantage (EMA). In behavioural studies, EMA has been observed with a 

variety of visual (e.g., pictures: Bradley et al. 1992; Cahill and McGaugh 1995; Mather 

et al. 2006; words: Gomes, Brainerd, and Stein 2013; Maddock and Frein 2009; Pierce 

and Kensinger 2011; Siddiqui and Unsworth 2011), auditory (Bradley and Lang 2000), 

and semantic (Rubin and Friendly 1986) stimuli. In terms of the biphasic approaches, 

emotion is typically investigated along two orthogonal dimensions: arousal and valence 

(Lang et al. 1993; Russell 1980). Arousal reflects the level of physiological response 

and varies on a continuum from calm to excitement. Valence refers to the level of 

emotional direction and varies from unpleasant to pleasant. Investigation into how each 

dimension contributes to emotional enhancement of memory has been a focus of most 



151 

 

 

 

emotional memory experiments. It is likely that many cognitive and neural processes 

contribute to EMA, but attentional narrowing and differences in encoding strategies are 

suggested by many investigators to be the driving mechanisms behind EMA. 

Whilst the precise mechanisms of emotional enhancement remain conjecture, 

some researchers have provided possible explanations. Easterbrook (1959) theorised 

that an emotionally arousing stimulus leads to a narrowed focus of attention to central 

details of the item during early encoding. Attentional narrowing helps prioritise relevant 

material and facilitate better retrieval of the item (Burke, Heuer, and Reisberg 1992; 

Christianson et al. 1991; see Levine and Edelstein 2009; Yiend 2010 for reviews). This 

prioritised selection of emotional items over neutral items is considered to be caused by 

greater attentional resources allocated to emotionally arousing stimuli (Kensinger 2009; 

Mather 2007). Based on this conjecture, if emotion serves to shift the focus of attention 

to within-item associations (i.e., details intrinsic to, or belonging to, the item), one 

would expect to see an improvement in early memory encoding and subsequent recall 

due to a stronger preference for emotional items over neutral items. 

An alternative hypothesis suggests that EMA could be linked to one’s ability to 

use organisational strategies during encoding and retrieval (Doerksen and Shimamura 

2001; Talmi and Moscovitch 2004). A participant’s ability to effectively organise listed 

items could facilitate between-item associations (i.e., details interfering with the 

processing of other bound representations) and, therefore, mediate the improved 

emotional recall effect. This effect is attributed to increased semantic relatedness of 

emotional items, which facilitates organisational strategies by the participant. Several 

studies have found that the probability of transitioning between semantically related 

words during recall is higher than the probability of transitioning between non-

semantically related words (Howard and Kahana 2002; Siddiqui and Unsworth 2011). 

Thus, recall of semantically related emotional words may cue the retrieval of additional 

emotional words using similar semantic associations, increasing the probabilities of 

positive and negative transitions. Beyond cognitive and behavioural findings, numerous 

ERP studies have also investigated the neural correlates of EMA and the timings of 

processing for emotional stimuli. 
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1.3 ERP Correlates of Emotional Word Processing 

The two hemispheres of the brain differ in structure and function. Whilst 

hemispheric specialisation of some cognitive domains such as memory is well 

established (see Dolcos and Denkova 2008; Dolcos, Denkova, and Dolcos 2012 for 

reviews), lateralisation of affective processing remains in doubt. Lesion (Adolphs et al. 

1994; Bechara et al. 1999; Paradiso 1999), electrophysiological (Davidson 1992, 1995, 

1998), and functional neuroimaging studies (Canli et al. 1998; Davidson and Irwin 

1999; Dolcos and Cabeza 2002; Lee et al. 2004) support the role of the prefrontal cortex 

(PFC) in the evaluation of emotional stimuli. The valence hypothesis posits that the 

pattern of hemispheric dominance depends on the emotional valence of the stimulus 

(Davidson 1995). The right hemisphere is dominant for processing negative emotions 

and the left hemisphere is dominant for processing positive emotions (e.g., Davidson 

and Fox 1982; Sutton and Davidson 2000; Wheeler, Davidson, and Tomarken 1993). 

An alternative hypothesis suggested by Heller (1990, 1993) aims to extend the valence 

hypothesis to the posterior regions and is concerned more with the perception of 

emotional information and arousal. Davidson (1983) proposed the approach-withdrawal 

model that reflects differences in prefrontal brain asymmetry associated with the 

regulation of emotional states. The model posits that the left PFC is involved in a 

system facilitating approach behaviour to positive emotional stimuli, whereas the right 

PFC is involved in a system facilitating withdrawal behaviour from negative emotional 

stimuli (Davidson 1983, 1992, 1993, 1995). A review of relevant research on the brain 

lateralisation of emotional stimulus processing is provided by Demaree et al. (2005). 

The roles of other brain structures such as the amygdala, ventral striatum, 

anterior cingulate, posterior parietal cortex, and insula have also been examined (Lane 

and Nadel 2000). ERP evidence suggests that differences in emotional valence tend to 

be larger in anterior electrodes (Cuthbert et al. 2000; Diedrich et al. 1997). However, 

most studies have used too few electrodes (e.g., nine) to allow a clear dissociation in 

topography. Dolcos and Cabeza (2002) found only partial support for the valence 

hypothesis of emotional asymmetry (e.g., Davidson 1995). Their ERP analysis revealed 

a larger emotion effect in the left hemisphere in response to pleasant pictures. As the 

analysis did not yield analogous results for unpleasant pictures (i.e., larger emotion 

effect in the right hemisphere), it does not provide clear ERP evidence for the valence 
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hypothesis. While findings are generally consistent with models of frontal brain 

asymmetry in emotional processing, more research is required that examines differences 

in emotional or motivational lateralisation between left and right frontal areas. 

ERP techniques have been employed to evaluate emotional stimuli, with 

different component modulations (e.g., amplitude, latency, area under the curve etc.) 

related to emotional stimulus attributes (see Olofsson et al. 2008 for a review). Early 

(P1, N1) and mid-latency (P2, N2, early posterior negativity/EPN) components are 

linked with reflexive visual attention to valence direction (negative or positive) at the 

parieto-occipital and occipito-temporal regions. Later components (P3/P3b also known 

as late positive complex/LPC, N4) are thought to reflect cognitive processes that result 

from changes in the stimulus arousal level (low or high) at the centro-parietal sites. This 

temporal distinction for emotional content indicates that early components modulate 

attention processes and later components modulate memory processes (Azizian and 

Polich 2007; Clark and Hillyard 1996; Kaestner and Polich 2011; Vogel and Luck 2000; 

Voss and Paller 2008). Research supports the existence of several stages in emotional 

processing associated with modulation of ERP components in specific time ranges. 

ERP studies of emotion have identified an emotion effect. ERPs for emotional 

stimuli (pleasant and unpleasant) tend to be larger than ERPs for neutral stimuli 

(Cuthbert et al. 2000; Dolcos and Cabeza 2002; Zhang et al. 2014). Data from ERP 

studies support the idea that 7 stages are involved in visual processing of emotional 

words (e.g., Kissler, Assadollahi, and Herbert 2006; Zhang et al. 2014). Emotionally 

arousing words appear to modulate cortical responses at all stages (see Citron 2012 for a 

review) and across different time epochs post stimulus onset: (1) around 100 ms 

(Junghöfer et al. 2001; Smith et al. 2006), (2) within the first 200 ms (Ortigue et al. 

2004), (3) P1/N1 (Bernat, Bunce, and Shevrin 2001; Kissler and Herbert 2013), (4) N2 

and EPN (Herbert, Junghöfer, and Kissler 2008; Kissler et al. 2007, 2009; Schacht 

and Sommer 2009a, 2009b; Scott et al. 2009), (5) P2 (Herbert et al. 2006; Kissler, 

Assadollahi, and Herbert 2006), (6) N3 (Carretié, Iglesias, and García 1997; Carretié et 

al. 1997; Paulmann, Jessen, and Kotz 2009), and (7) P3/LPC (Fischler and Bradley 

2006; Herbert et al. 2006; Schupp et al. 2000; Schupp et al. 2004). 

The presentation of emotional faces and words may affect the early P1 and N1 

components. Early components reflect attention allocation to negative stimuli (i.e., 

http://www.sciencedirect.com/science/article/pii/S0013469496965657#%21
http://www.sciencedirect.com/science/article/pii/S0013469496965657#%21
http://www.sciencedirect.com/science/article/pii/S0013469496965657#%21


154 

 

 

 

negativity bias; Delplanque et al. 2006; Ito et al. 1998; Smith et al. 2003) over the 

parietal and occipito-temporal regions (e.g., Hofmann et al. 2009; Kissler and Herbert 

2013). Enhanced P1 amplitudes have been reported in response to negative words 

across various tasks (Li, Zinbarg, and Paller 2007; van Hooff et al. 2008; Zhang et al. 

2014). Findings suggest that the P1 component reflects an early ‘negativity bias’ in the 

first stage of emotional processing, which mainly differentiates between threatening and 

non-threatening word stimuli. The P3 component is presumed to reflect higher-order 

cognitive functions and be more sensitive to emotion under intentional processing (e.g., 

Johnston, Miller, and Burleson 1986; Moser et al. 2006). In contrast, the N3 component 

may be related to the semantic integration of visual features and appears to be more 

sensitive during incidental emotional processing (Carretié, Iglesias, and García 1997; 

Carretié et al. 1997). The emotion effect is expressed most consistently in the P3/LPC 

component. The P3/LPC amplitudes tend to increase at the centro-parietal sites in 

participants viewing emotional words (Fischler and Bradley 2006; Herbert et al. 2006; 

Frühholz, Jellinghaus, and Herrmann 2011). Whilst research on the neural generators of 

emotion is growing, scant attention has been placed on the possibility that motivational 

factors can influence the dynamic neural activity underlying emotional word processing. 

1.4 Neural Perspectives on Achievement Motivation: A Starting Point for 

Conceptualising Achievement Goals in the Brain 

Over the past two decades, field research guided by the 2x2 framework of AGT 

(Elliot and McGregor 2001) has found achievement motivation to affect learning, 

performance, development, cognition, well-being, and emotion (for reviews, see 

Hulleman et al. 2010; Kaplan and Maehr 2007; Moller and Elliot 2006; Murayama, 

Elliot, and Friedman 2012). Given the abundance of achievement motivation research, it 

is surprising that the literature has yet to focus on the neural correlates of achievement 

goals associated with emotional stimulus processing. Recently however, studies have 

begun to explore the neurobiological substrates of intrinsic motivation (see Di 

Domenico and Ryan 2017 for a review). For example, an fMRI study (Murayama et al. 

2010) found that performance-based extrinsic rewards undermine intrinsic motivation 

by decreasing activity in the anterior stratum and prefrontal areas. According to Di 

Domenico and Ryan (2017), the biggest challenge for researchers who seek to examine 

the neural substrates of intrinsic motivation is the lack of an overarching neuroscientific 

http://www.sciencedirect.com/science/article/pii/S0013469496965657#%21
http://www.sciencedirect.com/science/article/pii/S0013469496965657#%21
http://www.sciencedirect.com/science/article/pii/S0013469496965657#%21
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framework that can be used to generate and test specific hypotheses. In the absence of a 

guiding theory, it is difficult to design experiments that are optimally suited to 

investigate concrete elements of motivation such as achievement goal constructs. 

ERP studies have only recently begun to investigate achievement goal 

differences associated with encoding-related changes in the brain. For example, 

Mangels et al. (2017) found that under a mastery goal climate, successful feedback 

encoding modulated fronto-temporal activity linked to semantic processing. Under a 

performance goal climate, it modulated parieto-occipital activity linked to perceptual 

processing. ERPs were characterised by increased anterior P3a (275-425 ms) and 

‘feedback-related negativity’ (FRN; 200-400 ms) amplitudes. In another study, Fisher, 

Marshall, and Nanayakkara (2009) showed that intrinsic academic motivation was 

associated with larger ‘error-related negativity’ amplitude (ERN; within 100 ms post 

stimulus onset) during performance on a flanker task. Whilst neuroimaging evidence is 

consistent with the notion that specific ERP components and brain structures reflect 

specific achievement motivation processes, current research examining the dynamic and 

implicit neural mechanisms of achievement motivation involved in emotional stimulus 

processing is scarce. Achievement motivation appears to be a particularly promising 

area for neuroscientific study to complement and add to the extensive body of 

experiential and behavioural data that already exists. 

1.5 Purpose and Rationale of the Study 

The first purpose of this study was to extend previous behavioural findings that 

have associated achievement goals (Murayama and Elliot 2011) and emotional valences 

(Gomes, Brainerd, and Stein 2013; Siddiqui and Unsworth 2011) with memory 

encoding and subsequent recall. A secondary purpose was to investigate time-specific 

ERP amplitudes (100-300 ms, 300-600 ms, 600-1200 ms) elicited by the motivational 

conditions in response to emotionally valenced and neutral words. ERPs are well suited 

for addressing this research objective as they provide direct and covert measures of how 

the processing times of emotional information are affected by each of the motivational 

conditions. ERPs also have the temporal resolution to accurately measure processes that 

may occur less than 100 milliseconds after stimulus onset (for a review, see Olofsson et 

al. 2008). It is suggested that even a preliminary neurophysiological account of 

achievement goals could facilitate theory-driven research and contribute to the 
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application of neuroscientific methods in achievement motivation research. This study 

is a first attempt to examine the effects of achievement goal involvement on the time 

course and nature of dynamic neural activity involved in emotional word processing. 

Despite the many functional similarities of motivation and emotion (e.g., 

Roseman 2008), research on the links between these areas and specific cognitive 

processes has typically taken place in separate research traditions and has generated 

largely independent bodies of knowledge. Scant empirical investigation has been 

focused on the possibility that achievement goals can also alter retrieval dynamics. The 

majority of the existing achievement goal research investigating memory processes has 

been limited to the dichotomous model of achievement motivation (Dweck 1986; 

Nicholls 1984), focusing on mastery and performance goals. This highlights a void in 

the literature that explores (1) the interrelationships between the 2x2 achievement 

motivation constructs and emotional memory retrieval and (2) the effects of 

achievement goals on event-related neural activity during emotional word processing. 

The present study adopts a novel approach to addressing these gaps in the literature by 

(1) triangulating cognitive, motivational, and emotional variables and (2) combining 

cognitive with electrophysiological methods of study. This is an initial exploration into 

the effects of achievement goals on free recall of emotional words with the aim of 

expanding ERP research in achievement motivation and emotional word processing. 

1.6 Hypotheses 

This experiment combined cognitive and neurophysiological measures to 

examine the effects of achievement goals (e.g., Murayama and Elliot 2011) and 

emotional valences (e.g., Gomes, Brainerd, and Stein 2013; Siddiqui and Unsworth 

2011) on neural processing and free recall of emotional and neutral words. Specific 

hypotheses were formulated in accordance with the two main purposes of this study.  

Purpose 1: To examine the effects of situationally induced achievement goals on free 

recall of emotionally positive, negative, and neutral words. 

 H1: It was hypothesised that the mastery-approach and performance-approach 

motivation conditions would demonstrate significantly higher levels of free recall 

compared to the mastery-avoidance and performance-avoidance motivation conditions. 
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H2: Based on mixed findings, no significant recall differences were expected 

between the two approach conditions or between the two avoidance conditions. 

 H3: The third hypothesis stated that emotionally valenced words would be 

better recalled than neutral words. Due to the exploratory nature of the comparisons, no 

significant interactions were predicted between dimensions of motivation and valence. 

Overall, the approach motivation conditions were expected to recall significantly more 

positive, negative, and neutral words compared to the avoidance motivation conditions. 

Purpose 2: To examine the effects of situationally induced achievement goals on ERP 

amplitudes elicited during visual processing of emotional and neutral words. 

It was hypothesised that motivation would significantly interact with valence in 

predicting patterns of neural activity at different stages of stimulus processing.  

H1: In the 100-300 ms epoch, the avoidance goal conditions were expected to 

elicit relatively larger N1/P1 amplitudes in response to negative words at posterior (e.g., 

parietal or occipital) electrodes (Li, Zinbarg, and Paller 2007; Zhang et al. 2014).  

H2: In the 300-600 ms epoch, the approach goal conditions were anticipated to 

elicit relatively larger P3/LPC amplitudes in response to positive words at anterior 

frontal or frontocerntral electrodes (Dolcos and Cabeza 2002).  

H3: In the 600-1200 ms epoch, valence-specific differences were expected to 

have an anterior topographical distribution (Cuthbert et al. 2000; Dolcos and Cabeza 

2002). Based on models of frontal brain asymmetry (e.g., Davidson 1995; Heller 1993), 

it was predicted that positive words and approach induced goal states would elicit 

relatively larger left, than right, PFC amplitudes, whereas negative words and avoidance 

induced goal states would elicit relatively larger right, than left, PFC amplitudes. 

2. Method 

2.1 Design 

This experiment employed a 5x3x2 mixed within and between factorial design. 

The between-group factor (IV1) was motivational manipulation (mastery approach, 

mastery avoidance, performance approach, performance avoidance, control). The 

within-group factors (IV2, IV3) were emotional valence (positive, negative, neutral) and 

time (baseline, goal manipulation). Achievement goals were randomly manipulated via 
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text instructions to investigate free recall (DV1) of emotional and neutral words. The 

ERP paradigm was designed to analyse the effect of motivational involvement and 

emotional valence on time-varying ERP amplitudes at different scalp regions (DV2). 

2.2 Participants 

A sample of 125 undergraduate students from a UK University (n = 51 male, n = 

74 females) aged 18-28 (Mage = 20.50, SD = 2.25 years) participated in this experiment 

in exchange for course credits. The sample comprised native (n = 83) and non-native (n 

= 42) English speakers from different ethnic backgrounds. In alignment with EEG study 

protocol, all participants were right-handed with normal or corrected-to-normal vision 

and hearing and no history of psychiatric disorder, epilepsy, or traumatic brain injury. 

2.3. Measures 

2.3.1 Free Memory Recall. Memory recall stimuli consisted of a pool of 72 

words (24 positive, 24 negative, 24 neutral) selected from the Affective Norms for 

English Words (ANEW; Bradley and Land 1999). These stimuli words were randomly 

allocated between the pre and post manipulation conditions of 36 words each, including 

12 positive (e.g., love; miracle), 12 negative (e.g., panic, grief), and 12 neutral (e.g., 

street, writer) words (Appendix 1, page 305). The positive and negative words were 

broadly defined by being either unpleasant or pleasant in their semantic meaning. 

Neutral words were unrelated to emotional attachment and included shapes, places, and 

objects. Different words were used for the pre and post goal manipulation tasks to 

control for learning effects. The two pseudorandomised word lists were created so that 

the first word from each list would be either a positive, negative, or neutral word, with 

subsequent words being randomly selected from all word types. All participants 

received the same word order but the word lists were counterbalanced across the 

sample. Each word was presented in white font and appeared one at a time in the centre 

of a black computer screen for 2 seconds, with a 4-second interval between words. 

2.3.2 Word Selection and Preliminary Analysis. The ANEW database includes 

1034 words rated on a 9-point scale and matched on normative values for valence (1 = 

negative, 9 = positive), arousal (1 = calm, 9 = excited), dominance (1 = being in control, 

9 = controlling), and word frequency. The scores of all three word categories did not 
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significantly vary on Kučera-Francis word frequency, number of syllabus, or imagery 

values (all ps > .05; Clark and Paivio 2004). The average valence and arousal scores for 

the selected words in the first list were: 8.14 and 6.40 for positive words, 2.14 and 6.37 

for negative words, and 5.25 and 3.92 for neutral words. Those in the second list were 

8.01 and 6.83 for positive words, 1.73 and 6.24 for negative words, and 5.13 and 3.69 

for neutral words. Positive and negative words differed in scores for valence but not 

arousal, with both differing from the neutral words in scores for valence and arousal. 

The ANOVA yielded a significant main effect between the valence scores for the 

positive, negative, and neutral words in Word List 1 [F(2, 33) = 545.2, p < .001] and 

Word List 2 [ F(2, 33) = 1630.3, p < .001]. Post hoc analysis using Tukey’s TSD 

yielded significant valence-specific differences for all three word categories (all ps < 

.001). The ANOVA revealed a significant main effect between the arousal scores for the 

positive, negative, and neutral words in Word List 1 [F(2, 33) = 43.2, p < .001] and 

Word List 2 [F(2, 33) = 67.6, p < .001]. Post hoc Tukey’s TSD test showed further 

significant arousal-specific differences for both the positive and negative words with 

those of neutral words (ps < .001). There was no significant difference between the 

arousal scores for the positive and negative words (p > .05). These findings replicated 

Dolcos and Cabeza’s results (2002) obtained from pictorial stimuli. 

2.3.3 Motivational Manipulation. Achievement goals were randomly 

manipulated using written instructions that were specifically adjusted for each of the 

four motivational conditions. These included mastery approach (MAp), mastery 

avoidance (MAv), performance approach (PAv), and performance avoidance (PAv). 

Participants in the control condition were given non-goal specific instructions prior to 

completing the recall task. For a full description of the motivational manipulations 

please refer to Appendix 2 (page 307). In brief, the mastery groups were provided with 

self-referenced objectives to either focus on improving their previous attempt at the task 

(mastery approach) or avoiding doing worse than they did on their previous attempt 

(mastery avoidance). Mastery instructions were centred on task-based information such 

as trying to remember as many words as possible. In contrast, participants in the 

performance groups focused on normative objectives of trying to beat their other 

classmates/students (performance approach) or avoid being beaten by their other 
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classmates/students (performance avoidance). In the performance instructions the 

emphasis was on scoring and beating other participants, rather than the task itself. 

2.3.4 EEG Recording and Reduction. EEGs from 32 sites of the 10-20 

international electrode system were recorded with a common average reference 

(BioSemi, Amsterdam, The Netherlands). Please refer back to Appendix 5 of Chapter 3 

(page 271) for topographic mapping of electrodes. Vertical electro-oculographies 

(VEOGs) were recorded on the left supra- and sub-orbital ridges. Horizontal electro-

oculographies (HEOGs) were recorded symmetrically on the outer canthi of each eye. 

Electrode impedance was maintained below 5 kΩ. Amplified EEG signals were band-

pass filtered (low cut-off: 1 Hz, 6 dB/octave attenuation; high cut-off: 30 Hz, 12 

dB/octave attenuation) and digitally sampled on line at an A/D rate of 256 Hz. 

EEG data were recorded offline and analysed using BESA Research 6.0 

software (BESA GmbH, Munich, Germany). An automatic eye-blink correction was 

performed on the data using the adaptive artefact correction method (Ille, Berg, and 

Scherg 2002). EEG epochs were generated from 100 ms before to 1500 ms after the 

onset of the word stimuli. The 100 ms interval that preceded the word onset was used 

for baseline correction. Waveforms exceeding a threshold of +/- 100 μV were removed 

from the analysis. Each trial was visually inspected and accepted filtered EEG epochs 

were averaged for each electrode. Due to the limited amount of available trials, 

participants with fewer than 10 artefact-free trials per condition were excluded from 

analysis and replaced to ensure an adequate signal-to-noise ratio in the ERPs (a total of 

5 participants were excluded and replaced). An average-reference transformation was 

applied to the ERP data to obtain a reference-independent estimation of scalp voltage. 

Procedure 

Ethical approval was granted for this experiment from a university ethics 

committee. Participants were informed on the nature of the testing and their ethical 

rights (Appendix 3, page 308). They were then asked to sign a consent form (Appendix 

4, page 310) and provide basic background information (Appendix 5, page 311). 

Consenting participants were isolated within a sound proof booth and invited to follow 

instructions on a computer screen using OpenSesame 2.9.2 software. Testing comprised 

of a baseline immediate free recall (IFR) task followed by an experimental IFR task. 
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IFR requires participants to output as many items from the item list as possible, in any 

order, and immediately following completion of the task. Participants were presented 

with the word list for 4 minutes and 20 seconds (36 words, 2-s rate, 4-s interword 

interval) and were given 5 minutes to write down as many studied words as possible 

(i.e., intentional learning). All participants were then randomly assigned to one of the 

four motivational or control conditions depending on the type of instruction given (refer 

back to Appendix 2, page 307). Following the manipulation, participants completed a 

similar recall task that included a different set of words. The experiment ended with a 

Likert-type manipulation check of participants’ perceived motivational climate and 

level of competence (Appendix 6, page 312). On finishing the manipulation checks, 

participants were fully debriefed (Appendix 7, page 313) and any further questions were 

answered. The whole procedure lasted approximately 60 minutes in total. 

3. Results 

 3.1 Cognitive Data 

All data were analysed using IBM SPSS Statistics for Windows v24.0 software 

(IBM Corp., Armonk, NY, USA). Table 1 and Figure 1 present the mean recall rate of 

positive, negative, and neutral words in each experimental condition. Mean scores were 

analysed using a 2 (time: baseline/experimental test) x 3 (emotional valence: positive/ 

negative/neutral) x 5 (motivational manipulation: MAp/MAv/PAp/PAv/control) mixed 

factorial ANOVA. Tukey’s post-hoc tests further explored any simple main effects. 

The ANOVA revealed a significant within-group main effect across time [F(1, 

120) = 53.7, p < .001, ηp
2 = .31], with a significant increase in mean recall rate from 

baseline (M = 4.50, SD = .10) to experimental test (M = 5.29, SD = .13).  

Free recall was also influenced by the emotional content of the words [F(2, 240) 

= 15.6, p < .001, ηp
2 = .12], with significantly higher recall rates for positive (M = 5.35, 

SD = .13) than negative (M = 4.73, SD = .12) and neutral (M = 4.62, SD = .13) words 

(ps < .001), but no significant difference between negative and neutral words (p > .05). 

There was a significant between-group main effect for motivational 

manipulation [F(4, 120) = 8.55, p < .001, ηp
2 = .22] .The MAp group recalled 

significantly more words compared to the MAv (p = .04), PAv (p = .001), and control (p 

< .001) groups. The PAp group showed better recall than the control group (p = .01). 
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A follow-up 2x5 mixed factorial ANOVA yielded a significant time (baseline, 

experimental test) x motivational manipulation (MAp, MAv, PAp, PAv, control) 

interaction [F(4, 120) = 2.79, p = .03, ηp
2 = .09]. Simple effects revealed a significant 

increase in recall rates across all motivational conditions from baseline to experimental 

test (MAp, MAv, PAp, p < .001; PAv, p = .04). As shown in Table 1, however, mean 

word recall in the control group did not significantly vary across test conditions, p > .05. 

Although no significant interaction emerged between motivational manipulation 

and emotional valence [F(8, 240) = .27, p > .05, ηp
2 = .01], planned linear contrasts 

revealed significant differences in recall of emotional and neutral words between the 

groups [F(1, 120) = 13.43, p < .001]. The approach groups recalled significantly more 

positive (p = .02), negative (p < .01), and neutral (p = .04) words compared to the 

avoidance groups. Specifically, the MAp group recalled significantly more words than 

the PAv and control groups for each condition of valence (ps < .01). Recall of neutral 

words was significantly better in the PAp, compared to the control, group (p = .03). No 

significant three-way interaction effect was revealed between the independent variables.
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Table 1 

Mean (and SD) Word Recall Rate for Each Study Group at Baseline and Post Goal Manipulation (N = 100) 

 

Note. A total of 12 words were used from each valence category. A higher score (0-12) represents better memory recall. 

Condition 
Mastery  

Approach (MAp) 

Mastery  

Avoidance (MAv) 

Performance 

Approach (PAp) 

Performance 

Avoidance (PAv) 
Control 

Baseline      

Positive words 6.04 (1.31) 4.88 (1.51) 5.16 (1.77) 4.72 (2.23) 4.48 (1.53) 

Negative words 4.76 (1.76) 3.96 (1.37) 4.76 (1.45) 3.84 (1.84) 4.04 (1.34) 

Neutral words 5.12 (1.81) 3.92 (1.41) 4.24 (2.20) 4.12 (1.74) 3.52 (0.92) 

Total recall 5.31 (1.63) 4.25 (1.43) 4.72 (1.81) 4.23 (1.94) 4.01 (1.26) 

Goal Manipulation      

Positive words 6.60 (1.96) 5.76 (1.88) 6.12 (2.79) 5.08 (1.73) 4.64 (1.25) 

Negative words 6.36 (1.38) 5.24 (1.83) 5.48 (1.71) 4.60 (2.43) 4.24 (1.36) 

Neutral words 5.84 (1.80) 5.40 (1.89) 5.64 (2.16) 4.52 (1.71) 3.88 (1.24) 

Total recall 6.23 (1.71) 5.47 (1.87) 5.75 (2.22) 4.73 (1.96) 4.25 (1.30) 
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Figure 1. Mean recall rate of positive, negative, and neutral words between experimental groups at (A) baseline and (B) post goal 

manipulation. MAp = mastery approach; MAv = mastery avoidance; PAp = performance approach; PAv = performance avoidance.
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3.2 ERP Data 

The overall shape of the grand average ERPs appeared different for emotional 

and neutral words across the 16 electrode locations (see Figure 2 in Appendix 8, page 

314). ERPs at all electrodes were marked by negative-going and positive-going peaks. 

A visual inspection of the waveforms suggests that the prefrontal ERPs were marked by 

a large negative-going peak at approximately 400 ms post stimulus onset. There 

appeared to be an emotion effect at the prefrontal sites, with more positive-going ERPs 

being elicited by positive words in the 600-800 ms time epoch. ERPs at the frontal 

region were characterised by two consecutive negative-going peaks at around 300-400 

ms post stimulus onset. ERPs over the posterior locations (i.e., parietal, parieto-

occipital, and occipital) were marked by a large negativity component at approximately 

300-400 ms post stimulus onset. However, the emotion effect in these regions appeared 

weak in magnitude for ERPs elicited by emotional relative to neutral words. ERPs over 

the anterior and posterior locations were all characterised with a late positive complex 

(LPC) beginning 400-500 ms post stimulus onset. There appeared to be no significant 

amplitude differences in the average ERPs over the central electrodes. Visual inspection 

of the ERP waveforms suggests no noticeable valence-related asymmetry. The scalp 

topography of grand average ERPs at 400ms post stimulus onset is shown in Figure 3. 

 

 

Figure 3. Grand average ERP topographies at 400ms post stimulus onset. 

The ERP data was analysed for emotional effects and differences in magnitude 

and topography between the motivational conditions before and after the manipulation. 

Included in these analyses were pre and post goal manipulation estimates of the mean 

amplitude for ERP components elicited by the emotional (positive and negative) and 
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neutral words from all 16 electrode sites. ERPs were quantified by measuring mean 

amplitude (relative to the 100 ms pre-stimulus baseline) in three consecutive time 

epochs: early (100-300 ms), middle (300-600 ms), and late (600-1200 ms). These time 

epochs were selected on the basis of previous research (Kiefer et al. 2007; see Olofsson 

et al. 2008 for a review) and careful inspection of the grand average waveforms. For 

each time epoch, a 2 (time: baseline vs. post manipulation) x 3 (emotional valence: 

positive vs. negative vs. neutral) x 4 (motivational manipulation: MAp vs. MAv vs. PAp 

vs. PAv) repeated measures mixed factorial ANOVA with Bonferroni correction was 

computed on the mean ERP amplitudes from each electrode. Only scalp regions that 

revealed significant differences were further tested for laterality effects by performing a 

2 (electrode: left vs. right) x 3 (emotional valence: negative vs. positive vs. neutral) x 4 

(motivational manipulation: MAp vs. MAv vs. PAp vs. PAv) repeated measures mixed 

factorial ANOVA. The control group was excluded from further analysis as the aim was 

to examine specific achievement goal differences in the ERP components of emotional 

word processing. Research has shown that working memory is supported by a network 

of brain regions that extends from the prefrontal cortex to the parietal cortex (Gazzaley, 

Rissman, and D’Esposito 2004). The prefrontal sites were chosen specifically because 

motivational valence (approach and avoidance goals) has been related to emotional 

valence (positive and negative emotions) in this scalp region (e.g., Sutton and Davidson 

1997). As ERP effects attributed to emotional processing have been reported at the 

frontal, parietal, central, and occipital locations (e.g., Dolcos and Cabeza 2002; Kamp, 

Brumback, and Donchin 2013), these scalp regions were also selected for the analyses. 

100-300 ms 

A significant within-group main effect was observed across time over the 

parietal electrodes: P3 [F(1, 192) = 8.87, p < .01, ηp
2 = .09], Pz [F(1, 192) = 5.52, p = 

.02, ηp
2 = .05], and P4 [F(1, 192) = 7.80, p = .01, ηp

2 = .08]. Pairwise comparisons 

revealed significant enlargements of parietal amplitudes from baseline (P3: M = .13, SD 

= .82; Pz: M = .16, SD = .73; P4: M = .22, SD = .80) to experimental test (P3: M = .29, 

SD = .78; Pz: M = .29, SD = .74; P4: M = .38, SD = .87). 

At parieto-occipital and occipital sites, a significant within-group main effect 

was evident across time at PO3 [F(1, 192) = 15.8, p < .001, ηp
2 = .14], PO4 [F(1, 192) = 

12.5, p = .001, ηp
2 = .12], O1 [F(1, 192) = 7.04, p = .01, ηp

2 = .07], Oz [F(1, 192) = 6.24, 
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p = .01, ηp
2 = .06], and O2 [F(1, 192) = 10.3, p < .01, ηp

2 = .10]. The ANOVA yielded a 

significant time x emotion x motivation interaction at PO3 [F(6, 192) = 2.36, p = .03, 

ηp
2 = .07], O1 [F(6, 192) = 2.33, p = .03, ηp

2 = .07], and Oz [F(6, 192) = 2.53, p = .02, 

ηp
2 = .07]. Simple effects showed that the MAv and PAv groups had significantly higher 

PO3 amplitudes in response to negative words post manipulation (MAv: M = .73, SD = 

1.13; PAv: M = .90, SD = 1.44) compared to baseline (MAv: M = .17, SD = .78; PAv: M 

= .39, SD = 1.03), ps < .01. This early attention allocation to negative stimuli (i.e., 

negativity bias) was also observed post manipulation in both avoidance groups over the 

occipital (e.g., Oz) sites (MAv: M = .83, SD = 1.34; PAv: M = .75, SD = 1.17, p < .05). 

300-600 ms 

At parietal and occipital sites, there was a significant main effect for time at P3 

[F(1, 192) = 4.59, p = .04, ηp
2 = .05], PO3 [F(1, 192) = 10.9, p = .001, ηp

2 = .10], and 

PO4 [F(1, 192) = 4.76, p = .03, ηp
2 = .05]. A significant interaction between emotion 

and time was also evident at P3 [F(2, 192) = 3.64, p = .03, ηp
2 = .04], PO3 [F(2, 192) = 

3.29, p = .04, ηp
2 = .03], and O1 [F(2, 192) = 3.07, p = .05, ηp

2 = .03]. Positive words 

elicited relatively larger parietal amplitudes after the manipulation (P3: M = .40, SD = 

.48; PO3: M = .62, SD = .67) compared to baseline (P3: M = .24, SD = .54; PO3: M = 

.43, SD = .65), both ps = .01. This effect was also observed at P3 (p = .03) and PO3 (p < 

.001) in response to negative words (pre P3: M = .26, SD = .47; PO3: M = .40, SD = .57; 

post P3: M = .38; SD = .47; PO3: M = .68, SD = .66). The interaction between time, 

emotion, and manipulation was also significant at Oz [F(6, 192) = 2.27, p = .04, ηp
2 = 

.07], whereby only the MAp group elicited larger Oz amplitudes to positive words after 

the manipulation (M = .69, SD = .85) relative to baseline (M = .28, SD = .86), p = .02. 

As frontal sites, there was a significant main effect for time [F(1, 192) = 5.12, p 

= .03, ηp
2 = .05] and a significant emotion x time interaction at Fz [F(2, 192) = 3.31, p = 

.04, ηp
2 = .03]. A significant increase in Fz amplitudes was evident from baseline to 

experimental test in response to positive (M = -.22, SD = .53) than negative (M = -.08, 

SD = .44) words, p = .02. The interaction between time, emotion, and motivation was 

also significant at Fz [F(6, 192) = 2.37, p = .03, ηp
2 = .07]. The MAp group elicited 

relatively larger Fz amplitudes in response to positive words (pre: M = -.24, SD = .54; 

post: M = -.40, SD = .48), p = .01. The MAv group elicited relatively larger Fz 
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amplitudes in response to negative words (pre: M = -.10, SD = .33; post: M = -.37, SD = 

.46), p = .05. 

600-1200 ms 

At frontal sites, a significant between-group main effect was evident between the 

motivational conditions [F(1, 96) = 2.99, p = .04, ηp
2 = .09]. Figure 4 shows that the 

motivation effect was different at the left versus the right prefrontal electrodes. At the 

left prefrontal electrode the motivation effect appeared greatest for the MAp group. At 

the right prefrontal electrode the effect appeared greatest for the PAv group. Pairwise 

comparisons revealed that the PAv group (M = 1.49, SD = 1.85) elicited relatively larger 

FP2 amplitudes than the MAp (M = .61, SD = 1.41, p = .03) and PAp groups (M = .72, 

SD = 1.45, p = .03). In contrast, the MAp group (M = 1.55, SD = 1.72) elicited relatively 

larger FP1 amplitudes than the PAv (M = .58, SD = 1.52, p = .02) and MAv groups (M 

= .70, SD = 1.65, p = .03). Follow-up ANOVAs computed on ERPs from the F3/F4 sites 

did not reveal a significant electrode x emotion interaction, indicating that the emotion 

effect at these locations was similar across hemispheres. However, for the FP1/FP2 

sites, a significant electrode x emotion interaction was apparent [F(2, 192) = 7.24, p = 

.001, ηp
2 = .07], indicating that the emotion effect was different across hemispheres in 

the PFC during this late epoch. Negative words elicited relatively larger FP2 (M = .17, 

SD = .45) than FP1 (M = .03, SD = .39) amplitudes, p < .001. This interaction was also 

due to a larger emotion effect for positive (M = .14, SD = .45) than negative words (M = 

.03, SD = .39) in the left PFC region, as compared with the right, p = .05 (see Figure 5).
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Figure 4. Motivation effect. The motivation effect was different at the left prefrontal (FP1) electrode than at the right prefrontal (FP2) 

electrode within a late 600-1200 ms epoch. At FP1 and FP2, the effect appeared largest in the MAp and PAv groups, respectively.
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Figure 5. Emotion effect. The emotion effect was different at the left prefrontal (FP1) 

electrode than at the right prefrontal (FP2) electrode within a late 600-1200 ms epoch. 

At FP1, the effect appeared larger for positive words than negative and neutral words. 

At FP2, the effect appeared larger for negative words than positive and neutral words.
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4. Discussion 

The current study examined the causal effects of achievement goals on free 

recall of emotionally positive, negative, and neutral words using a motivational 

manipulation. ERPs were measured during a free recall memory task to examine the 

nature and time course of the dynamic neural activity involved in emotional word 

processing. First, cognitive data showed that free recall was higher for positive than for 

negative and neutral words. This finding is partially consistent with the hypothesis that 

emotional words (positive and negative) would be better recalled than neutral words. 

Further, as hypothesised, the mastery-approach goal condition elicited higher word 

recall relative to both avoidance goal conditions and control, whereas the performance-

approach goal condition elicited higher word recall relative to control. No differences in 

recall were found between valence-related mastery and performance goal conditions. 

A secondary focus on ERP data showed that the emotional valence of the word 

modulated multiple ERP components depending on the induced motivational climate. In 

the early stage of word processing (100-300 ms), the interaction between motivation 

and emotion was associated with a ‘negativity bias’ typical for both avoidance goal 

conditions at the parieto-occipital electrodes. This interaction effect was also observed 

at the frontal sites in the second stage of word processing (300-600 ms). Follow-up 

analyses revealed relatively larger amplitudes in the mastery-approach condition in 

response to positive words and in the mastery-avoidance condition in response to 

negative words. The emotion effect at the parieto-occipital sites was associated with a 

‘positivity offset’ that modulated the P3/LPC component. Valence-specific ERP 

differences marked the third stage of word processing (600-1200 ms), leading to clear 

topographical dissociation between the left and right prefrontal electrodes. This 

emotional asymmetry was characterised with relatively larger left PFC amplitudes to 

positive words following mastery-approach goal involvement and relatively larger right 

PFC amplitudes to negative words following performance-avoidance goal involvement. 

4.1 Motivation Effects 

Extant research using motivational manipulations to examine memory is sparse, 

with findings limited to mastery and performance dimensions of approach motivation 

(see Ikeda, Castel, and Murayama 2015; Murayama and Elliot 2011). The current study 
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addressed this limitation by introducing the avoidance dimension of these competence-

defined goals. As hypothesised, participants in the mastery-approach condition recalled 

more words than those in both the avoidance and control conditions, regardless of 

emotional word valence. Moreover, unlike several previous studies (Crouzevialle and 

Butera 2013; Howell and Watson 2007; Ikeda, Castel, and Murayama 2015; Murayama 

and Elliot 2011), the present findings showed no significant recall advantage for the 

mastery-approach condition when compared to the performance-approach condition. 

One possible explanation is that approach motivation conditions facilitate a 

different encoding strategy. These approach-related goals are suggested to encourage 

different forms of elaborative processing, with mastery-approach goals promoting 

broad-based (i.e., relational) encoding and performance-approach goals promoting 

narrow-based (i.e., instrumental) encoding (Elliot et al. 2005; Hulleman et al. 2008; 

Ikeda, Castel, and Murayama 2015; Murayama and Elliot 2011). According to 

Murayama and Elliot (2011), these different forms of encoding may create different 

types of memory representations. Mastery-based encoding may lead to enhanced 

semantic integration of learning materials that likely consolidate over time, whilst 

performance-based encoding may lead to item-specific associations that improve 

memory in the short term but are likely to decline rapidly (Meeter and Murre 2004). 

The availability of working memory resources during the encoding stage of 

information processing appears to be of equal importance for mastery-approach and 

performance-approach goals. The two approach goal constructs represent the same 

overall quantity of motivation (e.g., the same degree of commitment to competence) but 

are qualitatively distinct types of motivation (see Murayama and Elliot 2011). The 

current findings also fit nicely within the contemporary achievement goal literature in 

which mastery-approach and performance-approach goals are both construed as 

effective forms of regulation but are considered as leading to different sets of positive 

outcomes (Harackiewicz et al. 2002). While mastery-approach and performance-

approach goals might have an equally important role in memory retrieval process, 

individuals pursuing a mastery-approach (cf., performance-approach) goal experienced 

significantly larger increments in recall than individuals pursuing an avoidance goal.
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4.2 Emotion Effects 

Another key finding of the study is that free recall was higher for positive than 

negative and neutral words. This finding partially replicates previous studies that found 

improvements in encoding and recall due to stronger preferences for positive and 

negative words over neutral words (Adelman and Estes 2013; Gomes, Brainerd, and 

Stein 2013; Maddock and Frein 2009; Pierce and Kensinger 2011; Siddiqui and 

Unsworth 2011). Other studies revealed impaired memory recall for neutral items 

preceding or following an emotional item (Hurlemann et al. 2005; Strange, Hurlemann, 

and Dolan 2003). Often the boost in recall or recognition is comparable for positive and 

negative stimuli that do not elicit arousal (e.g., Adelman and Estes 2013; Kensinger and 

Corkin 2003; Ochsner 2000). Indeed, Kensinger (2008) found that this ‘positivity 

effect’ could only be obtained following exposure to emotionally non-arousing words. 

However, some studies, particularly those assessing memory for verbal or pictorial 

stimuli, showed improved recall for negative over positive items (Charles, Mather, and 

Carstensen 2003). One explanation is that negative images may be more engaging and 

arousing than words, and therefore associated with increased amygdala-mediated 

processes (Phan et al. 2004) and stronger emotional reactions than negative words. 

Other studies typically assessing autobiographical memories or stimuli encoded 

in reference to the ‘self’ showed a greater tendency to recall positive than negative 

words (D’Argembeau, Comblain, and Van der Linden 2005; White 2002). This effect 

could be explained in terms of memory mechanisms that facilitate the encoding and 

retrieval of emotional information that is most relevant to one’s goals (see LeDoux 

1996). There is evidence that individuals who seek positive goal states show enhanced 

memory for positive compared with negative events (see Mather and Carstensen 2005 

for a review). In two experiments, Pierce and Kensinger (2011) found that associative 

recognition accuracy was lower for negative than positive and neutral words after a 

short delay. However, accuracy was greater for negative than positive words after one 

week. Taken together, these findings indicate that recall accuracy may be better for 

positive words after a short delay and for negative words after a longer delay. Taking 

advantage of the temporal resolution of ERPs, the present study extended previous 

findings by investigating the effects of achievement goals on the nature and dynamic 

neural activity involved in the processing of emotional words. 
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4.3 ERP Effects 

The most striking finding was a significant interaction between time, emotional 

valence, and motivational manipulation that emerged at specific scalp regions. Further 

probes into this interaction revealed valence-specific ERP differences between the four 

achievement goal conditions post manipulation. In the 100-300 ms word processing 

stage, mastery-avoidance and performance-avoidance goals were found to elicit larger 

parieto-occipital and occipital amplitudes in response to negative words when compared 

to positive and neutral words. Considering the P1 component has been linked to early 

attention allocation (e.g., Carretié et al. 2001; Hofmann et al. 2009; Kissler and Herbert 

2013), the current results indicated the presence of a ‘negativity bias’ characterised with 

an early attentional bias towards negative stimuli (Carretié et al. 2001; Crawford and 

Cacioppo 2002; Vaish, Grossmann, and Woodward 2008). The P1 component may 

reflect the first stage of emotional stimulus processing, which mainly differentiates 

between potentially threating and non-threating stimuli (e.g., Li, Zinbarg, and Paller 

2007; Zhang et al. 2014). At these posterior regions, mastery-avoidance and 

performance-avoidance goals seem to be more concordant with the emotional negativity 

bias, which could be associated with prioritised processing of unpleasant information 

and a desire to avoid negative outcomes (Huang and Luo 2006; Ito et al. 1998). 

Although findings from the ERP data contradict the results from the recall data 

that showed EMA for positive words, it is likely that goal involvement modulates the 

temporal course of the emotional negativity bias during the initial stage of perceptual 

processing. A recent ERP study has shown that while performance goals facilitate 

perceptual processing over parieto-occipital scalp regions, mastery goals facilitate 

learning strategies over fronto-temporal scalp regions but are more vulnerable to 

modulation by dispositional goal orientations (Mangels et al. 2017). The researchers 

manipulated task emphasis on achievement goals and found improvement in sustained 

attention towards deep processing of learning feedback when task involvement was 

mastery-approach focused. These findings are in line with those of Murayama and Elliot 

(2011) in that performance goals enhanced ‘remember’ responses, whereas mastery 

goals enhanced ‘know’ responses to verbal stimuli on an immediate recognition test. 

The remember-know procedure was designed to capture the subjective states of 

awareness associated with recollection (i.e., ‘remembering’) and familiarity (i.e., 

http://www.sciencedirect.com/science/article/pii/S0013469496965657#%21
http://www.sciencedirect.com/science/article/pii/S0013469496965657#%21
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‘knowing’) that are thought to serve as the basis for recognition memory decisions 

(Gardiner and Richardson-Klavehn 2000; Tulving 1985). Although the present study 

found no significant improvement in recall in both avoidance goal conditions, it could 

be that a match between task relevant and dispositional goals modulates neurocognitive 

responses to emotional stimuli (Mangels et al. 2017). Therefore, a promising next step 

is to design ERP experiments that examine recall for emotional words by grouping and 

manipulating participants’ situational goals based on their dispositional goal 

orientations. It is likely that memory recall of emotional words improves when 

perceived motivational climate matches dominant goal orientation. 

In the 300-600 ms word processing stage, the emotion effect was observed at 

parietal and occipital sites and reflected differences in the P3/LPC amplitude evoked by 

positive, negative, and neutral words. In a systematic review of multiple studies 

involving the processing of words and simple phrases, Fischler and Bradley (2006) 

found that fronto-central positivity 300-600 ms post stimulus onset was enhanced in 

response to pleasant and unpleasant words relative to neutral words. Consistent with 

previous studies showing emotional effects on LPC amplitudes at a constant level of 

arousal (Delplanque et al. 2004; Conroy and Polich 2007), this complex pattern of 

effects cannot be attributed to differences in the arousing properties of stimuli as the 

words had similar arousal ratings. Moreover, the current findings revealed that positive 

words elicited larger P3/LPC amplitudes than negative words. This is in line with the 

results from the recall data and several studies showing similar valence-related LPC 

effects (Herbert et al. 2006; Kissler et al. 2009; Schapkin, Gusev, and Kuhl 2000; Zhang 

et al. 2014). While early stimulus registration typically prioritises negative stimuli (i.e., 

negativity bias), positive words may enhance the elaborative process of attentional 

capture, evaluation, and memory encoding at a later stage of word processing (Herbert 

et al. 2006). This later onset ‘positivity offset’ effect has resulted in larger LPC 

amplitudes in response to positive words (Feré 2010; Kissler, Assadollahi, and Herbert 

2006), which would also explain the pattern of results observed in the recall data. 

It could be argued that the emotion effect reflects attentional modulation that is 

not due to a direct effect of emotional valence but to the visual processing of emotional 

content. The fact that ERPs elicited by emotional and neutral words differed primarily 

in amplitude indicates different levels of engagement of the same neurological/ 
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functional processes (Allan, Wilding, and Rugg 1998). It is suggested that because of 

their motivational significance emotion-laden stimuli are selected by the brain for 

sustained attentional processing (Lang, Bradley, and Cuthbert 1997). Previous studies 

have also linked the LPC effect to a recollection process (Rugg and Curran 2007; 

Woroch and Gonsalves 2010). In this process, an item is recalled along with details 

associated with the encoding context. It is possible that the emotional encoding context 

might have impact on recollection. Further research is encouraged to use promising 

neurophysiological techniques such as the eye-fixation-related potential (EFRP) which 

combines ERP and eye-tracking recordings (see Simola et al. 2015). EFRP studies 

could provide support for the notion proposed by Diedrich et al. (1997) that the emotion 

effect in the 400-600 ms epoch reflects the processing of the emotional qualities of the 

stimuli depending on the amount of attention given to the emotional content. 

A significant interaction between time, emotion, and motivation was also 

established at the frontal and occipital scalp regions. This finding could account for the 

increase in P3/LPC amplitudes from baseline to post manipulation as achievement goals 

interacted with emotional valence at these regions. Following the manipulation, larger 

frontal and occipital amplitudes were elicited in the mastery-approach (cf., mastery-

avoidance) condition in response to positive words and larger frontal amplitudes were 

elicited in the performance-avoidance (cf., performance-approach) condition in response 

to negative words. The frontal P3a component has been linked to a defence mechanism 

associated with an involuntary switching of attention towards threatening stimuli. In 

contrast, the parietal P3b component has been shown to occur at the conscious level in 

response to task-relevant but previously less attended locations to ensure the effective 

achievement of task goals (Zhang et al. 2017). ERP findings could account for the 

efficacy of mastery-approach goal conditions in processing of task-relevant stimuli 

rather than task-irrelevant stimuli that are more common to avoidance goal strategies. 

In the 600-1200 ms word processing stage, mastery-approach goals and positive 

words elicited relatively larger left PFC amplitudes. Performance-avoidance goals and 

negative words elicited relatively larger right PFC amplitudes. ERP findings support 

valence-based processes involved in achievement motivation. Achievement goals 

appear to modulate prefrontal asymmetries associated with emotional valence (positive/ 

negative; Heller 1993; Davidson 1995) and motivational direction (approach/ 
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withdrawal; Harmon-Jones, Gable, and Peterson 2010; Davidson 1992, 1993). Late 

positive waves suggest a selective processing of emotionally arousing stimuli that 

reflect the activation of motivational systems in the brain (Cuthbert et al. 2000). The 

fact that positive and negative words were matched for arousal ratings in this study 

indicates a true valence-based difference at the cortical level of emotional processing. 

Similarly, mastery-approach (cf., performance-avoidance) goals appear to 

facilitate cognitive processing (i.e., word recall) depending on the induced motivational 

climate. This account has ecological validity as individuals should recall pleasant 

stimuli more accurately than unpleasant stimuli (the Pollyanna principle; Matlin and 

Stang 1978). The Pollyanna principle could also explain findings of EMA for positive 

words in the recall data. ERP findings suggest an emotion effect that is sensitive to 

valence at the fronto-central sites in the 500-800 ms epoch (Dolcos and Cabeza 2002). 

Sustained attention measured through the amplitude of the LPC has been shown to 

extend beyond the emotional stimulus offset up to 800 ms after pleasant pictures and 

1000 ms after unpleasant pictures (Hajack and Olvet 2008). Retrieval processing could 

be influenced by the emotional valence of the context in which an item is encoded, 

regardless of whether the contextual information is task-relevant (Smith, Dolan, and 

Rugg 2004). Emotional stimuli appear to reflect not only attentional modulation but also 

higher-order cognitive operations such as evaluation and monitoring that are likely 

moderated by perceptions of motivational climate. Thus, it is possible that achievement 

goals interfere with top-down processes such as emotional evaluation or suppression 

during emotional stimulus activation in the middle and later processing stages. 

4.4 Limitations and Future Directions 

It is unclear why recall was highest for positive words. A possible explanation of 

this effect is mood congruence. Memory recall is likely to improve when the emotional 

valence of the stimuli is congruent with a person’s current mood state (Fiedler 2001). 

The words selected from the ANEW database for this study had similar arousal ratings 

but different valence (positive vs. negative). Being in a particular mood state might have 

caused participants to pay more attention to those stimuli that matched their current 

mood state (Bower and Forgas 2001). Forgas and colleagues (Bower and Forgas 2001; 

Forgas 1995) argued that such an effect occurs due to ‘affect infusion’, a phenomenon 

known to occur when emotionally valenced information selectively influences attention, 
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learning, and memory. A person in a pleasant mood tends to remember pleasant 

material better than unpleasant material, whilst a person in an unpleasant mood tends to 

remember mainly unpleasant material. It could also be that people in an unpleasant 

mood typically engage in motivated processing to improve their mood, and empirical 

evidence supports this idea (see Rusting and DeHart 2000). Various psychometrically-

validated measures of mood exist (e.g., PANAS, Watson, Clark, and Tellegen 1988) 

that could be administered in future studies to control for affect infusion. 

The current findings provide convergent support for the hypothesis that 

achievement motivation and emotional valence are important factors in understanding 

how emotionally charged words are processed across the brain regions. Another 

limitation is that the emotional words differed in valence ratings but were matched on 

arousal ratings. Thus, it would be impossible to rule out the effects of arousal on 

emotional word processing. Following the methodological procedure described by 

Maddock and Frein (2009), the present study used only 36 trials per task split into 12 

words per emotional condition. For a reliable ERP experiment, Handy (2005) 

recommends using 30-60 trials per condition. Other authors recommend using around 

30 trials for early narrowly distributed components such as N1 but at least 60 trials for 

later broadly distributed components such as P3 (Huffmeiher et al. 2014). This poses a 

methodological problem when investigating ERPs of emotional memory. To explore the 

pure effects of emotional valence, more research is needed to replicate these findings 

using (1) a larger sample of words, (2) various word categories such as nouns, verbs, 

and adjectives (Kissler and Herbert 2013), and (3) other stimulus types such as 

emotional pictures (Dolcos and Cabeza 2002) and/or sounds (Gerdes et al. 2013). 

Many ERP studies using human participants have examined the nature of neural 

dynamics involved in emotional stimulus processing. A possible extension of the 

current work is to investigate the neural circuitry underlying achievement motivation 

and emotion, with a particular focus on the early stages of memory formation (i.e., 

encoding and early consolidation). These studies typically examine memory-related 

changes that are initiated at encoding using the so called subsequent memory effect 

(SME) or difference due to memory (see Dolcos and Denkova 2008 for a review). 

Distinct neural pathways influence emotional memory based on the stimulus arousal 

level as highly arousing stimuli are shown to activate the amygdala-hippocampal circuit 
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(Kensinger and Corkin 2004). Specific brain mechanisms interact to produce 

neurocognitive processes in the medial-temporal lobe and the PFC through amygdala-

hippocampal interactions that facilitate memory for emotional stimuli (Dolcos, LaBar, 

and Cabeza 2004; McGaugh 2004). Future research using high-resolution fMRI 

techniques should elucidate the precise nature of the neural generators of emotional 

memory encoding and the role of achievement goals in subsequent memory recall. 

4.5 Theoretical and Practical Implications 

Scientists have long recognised the role of motivation and emotion in cognition 

but there has been relatively little research with regard to how achievement goals 

differentially affect encoding and retrieval of emotional memories (for exceptions, see 

Murayama and Elliot 2011). The aim of the present study was to manipulate 

achievement goals and emotional valence to understand their effects on memory recall 

and the neural mechanisms involved in word processing. The current findings showed 

that neural activity associated with word processing varies in type and timing according 

to the achievement goals and emotional valence. Neuroimaging research examining the 

emotion-cognition and motivation-cognition interactions has grown in recent years (for 

reviews, see Chiew and Braver 2011; Pessoa 2008, 2009). Findings that link these 

interactions with neural mechanisms have been used to inform treatment-based research 

in psychopathology (for a review, see Crocker et al. 2013). The present work could lead 

to the development of a theory-based model that is optimally suited to treatment 

interventions that better target specific cognitive and affective deficits such as anxiety, 

depression, dementia, and amnesia. Current treatments (e.g., CBT and medication) 

could be enhanced by the implementation of achievement goal strategies (e.g., mastery-

approach goal intervention programmes) that directly increase or decrease neural 

activity in the PFC and amygdala. These regions and structures are shown to play a key 

role in initial reactivity to emotional stimuli. In conjunction with current practices, these 

motivational strategies could facilitate engagement in challenging treatment techniques. 

Since much of the achievement goal research has been in academic settings (see 

Meece, Anderman, and Anderman 2006 for a review), neuroscientific approaches can 

complement cognitive and behavioural work by providing promising insights into 

mechanisms that underlie effective learning (Mangels et al. 2017). The current study 

demonstrated how changes to perceived motivational climate can have a significant 
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impact on word recall and ERPs of emotional word processing. The present findings 

can provide an entry point for neural evidence of differences in how students achieve 

similar levels of performance. As research highlights the benefits of mastery-approach 

goals for learning (Belenky and Nokes-Malach 2012), schools and educators should 

consider furthering the emphasis on the mastery-approach focus. The importance of 

mastery-approach goal involvement is the facilitation of encoding and retrieval of 

information that ultimately leads to better long-term learning (Murayama and Elliot 

2011). It is clear that there is still a long way to go in linking motivational constructs 

such as achievement goals with cognitive and affective processes and outcomes. 

5. Conclusions 

Neuroscience has shown potential for testing existing models of achievement 

motivation as well as for providing novel insights into the affective processes that 

underpin cognitive functions. The cognitive data demonstrated increased free recall of 

positive words. Recall performance was highest in the mastery-approach goal condition, 

irrespective of the emotional word valence. The ERP data provided further support for 

the three-stage model of emotional word processing (see Yi et al. 2015; Zhang et al. 

2014). The findings revealed that emotional information processing was modulated 

independently in the brain by achievement goal types and stimulus valences. This study 

represents the first step to understanding the role of achievement goals in free memory 

recall and their related neural mechanisms that underlie affective word processing.
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CHAPTER 6 

 

 

 

General Discussion 

The purpose of the three studies that make up this thesis was to advance the 

understanding of the links between achievement motivation and a range of cognitive, 

affective, and psychophysiological variables. A variety of measures were applied to 

approach the research question from a holistic perspective. Study 1 examined the direct 

and indirect predictive effects of the BIS/BAS, goal orientations, and frontal EEG 

asymmetry on hedonic and eudaimonic well-being. A secondary purpose in predicting 

well-being was to investigate the effects of the BIS/BAS, as mediated by the goal 

orientations, and the effects of goal orientations as moderated by patterns of resting 

frontal EEG asymmetry. In Study 2, two experiments were used to investigate the effect 

of goal involvement on attentional networks, problem solving, perceptual and EEG 

asymmetries, four affective indices, and well-being. Finally, Study 3 experimentally 

examined the impact of goal involvement on free memory recall of emotional and 

neutral words as well as ERP amplitudes elicited during visual word processing. The 

following discussion presents the key findings of these studies, their theoretical 

implications, practical applications, and suggests directions for future research. 

1. Overview of Findings 

The findings confirm the importance of triangulating psychophysiological, 

experimental, and self-report measures as a method of advancing a more holistic and 

objective understanding of the reciprocal links between achievement motivation, brain 

asymmetry, cognitive functioning, and affective experience. Each of the three studies 

reported in Chapters 3 to 5 contributes different approaches to the overall purpose of the 

thesis. The results revealed predictive and causal effects of dispositional (Study 1) and 

situational (Studies 2 and 3) motivational types over a range of affective (Studies 1 and 

2), cognitive (Studies 2 and 3), and psychophysiological (Studies 1, 2, and 3) variables. 

Collectively, the three studies support positive links between the mastery-approach goal 

construct and left frontal brain asymmetry (Studies 1, 2, and 3), low negative affect, 

high positive affect, eudaimonic well-being (Studies 1 and 2), improved attentional 
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functioning, problem solving (Study 2), enhanced free memory recall, and prioritised 

processing of positive emotion words (Study 3). In contrast, the performance-avoidance 

goal construct was consistently and positively related to right frontal brain asymmetry 

(Studies 1, 2, and 3), high negative affect, low positive affect, eudaimonic well-being 

(Study 2), reduced attentional functioning, problem solving (Study 2), impaired free 

memory recall, and prioritised processing of negative emotion words (Study 3). 

The importance of considering the benefits of approach valenced motivation and 

the disadvantages of avoidance valenced motivation is highlighted by differences in the 

prediction of well-being (Study 1) and the impact of situational goal involvement on a 

number of cognitive, affective, and psychophysiological variables (Studies 2 and 3). 

Specifically, in Study 1 eudaimonic well-being and the positive affective component of 

hedonic well-being were predicted by a mastery-approach goal orientation, in 

combination with the BAS and indices of prefrontal and mid-frontal EEG asymmetry. 

In Study 2, the mastery-approach and performance-approach goal conditions revealed 

positive effects on approach-related affective experience and attentional networks 

(Experiment 1) as well as on hedonic/eudaimonic well-being and problem solving 

(Experiment 2). Significant effects on positive word recall in the approach conditions of 

motivation were also observed in Study 3. In Studies 2 and 3, the mastery-avoidance 

and performance-avoidance goal conditions had a negative impact on well-being and 

cognitive functions. Of all the variables examined in the three studies, the mastery-

approach goal construct that emphasised learning and self-improvement was the best 

predictor of hedonic and eudaimonic well-being. Further, mastery-approach climate 

appears to be most adaptive in facilitating attentional functioning, problem solving, and 

memory following sustained cognitive engagement that could ultimately benefit 

cognitive health. Cognitive abilities are supported by specific neural networks. 

Examining the neural substrates of motivation and emotion has important implications 

for understanding the factors that impact cognitive and psychophysiological functions. 

The brain is the interface at which social and cognitive influences interact to 

produce thoughts, behaviours, feelings, and emotions. A detailed analysis of the brain 

lateralisation associated with motivational and emotional functions was performed in 

Studies 1 to 3. The aim was to understand the asymmetric involvement of prefrontal 

cortical regions in affective processing. Much of the past work has linked greater left 



184 

 

 

 

frontal activation with positive, approach-related emotions and greater right frontal 

activation with negative, withdrawal-related emotions (Davidson 1992a; Davidson et al. 

1990). A response bias is likely when assessing well-being, manifested by participants 

scoring themselves favourably on the self-reported well-being measures. Despite such 

limitations, however, the mean frequency of reported hedonic and eudaimonic well-

being in Study 1 was higher for left- than right-frontal dominant individuals lower in a 

mastery-approach orientation. In support, Study 2 revealed greater relative left 

prefrontal activation in the approach conditions compared with the avoidance conditions 

which exhibited greater relative right prefrontal activation. This PFC asymmetry pattern 

was also supported by the ERP findings in Study 3 following comparisons between the 

mastery-approach versus performance-avoidance goal conditions and positive versus 

negative word valences. Although the dynamic influence of certain motivational types 

is evident, their relationship with emotion variables is complex. The use of a unified 

approach to achievement motivation may provide a foundation for predicting and 

understanding human brain, behaviour, cognition, and emotion in their varied forms. 

1.1 Understanding Well-Being Variables 

While superior frontal EEG asymmetry predicted eudaimonic but not hedonic 

well-being, mastery-approach orientation and the BAS weak to moderately predicted 

both dimensions of well-being in Study 1. The findings revealed that right prefrontal 

and mid-frontal brain dominance moderated the effect of mastery-approach orientation 

on eudaimonic well-being. In addition, mastery-approach orientation partially mediated 

the effect of BAS on the two forms of well-being. While links with frontal EEG 

asymmetry and well-being followed the expected direction, the BAS and mastery-

approach orientation accounted for the most variance of all well-being types and 

appeared to be more important for attaining eudaimonic than hedonic well-being. In 

Experiment 1 (Study 2), the two approach conditions reported higher approach-related 

positive affect than the two avoidance conditions which exhibited higher avoidance-

related negative affect compared to the other experimental conditions. In Experiment 2 

(Study 2), both the mastery-approach and performance-approach conditions reported 

higher levels of positive affect and eudaimonic well-being. Specifically, participants in 

the mastery-approach condition reported lower levels of negative affect relative to those 

in the performance-avoidance condition. Consistency in the findings between Studies 1 
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and 2 could be attributed to genuine dispositional and situational factors that underlie 

individual differences in achievement motivation. Overall, predictive and causal effects 

on well-being could be largely explained by the nature and complexity of frontal 

cortical asymmetry and its sensitivity to bio-behavioural and motivational factors. 

A possible explanation of the current findings is that individuals high in BAS 

and a mastery-approach orientation are more likely to experience eudaimonic than 

hedonic well-being. This relationship is not linear and is primarily determined by a 

dynamic complexity of psychophysiological factors. Individual differences in resting 

prefrontal and mid-frontal EEG asymmetry appear to activate the eudaimonic neural 

circuitry that is at least in part, facilitated by sensitivity of the BAS and lower levels of 

mastery-approach orientation. Links between superior frontal EEG asymmetry and well-

being observed in Study 1 have previously been established in a sample of older adults 

(Urry et al. 2004). Identified positive relationships between mastery-approach and/or 

performance-approach orientations and well-being (e.g., Adie, Duda, and Ntoumanis 

2010; Akin and Arslan 2014; Chen and Lu 2015; Tuominen-Soini, Salmela-Aro, and 

Niemivirta 2008; Vansteenkiste, Mouratidis, and Lens 2010) provide additional backing 

for links connecting dimensions of well-being with mastery constructs of AGT. Despite 

the dearth of experimental work on well-being, the mastery-approach and performance-

approach involving climates have recently been shown to facilitate happiness and 

modulate aversive responses to negative social comparisons (e.g., Kamarova et al. 

2017). As goal involvement is a product of dispositional goals and motivational climate, 

there is strong support for the finding that the approach valence of mastery and 

performance goals influenced both hedonic and eudaimonic well-being in Study 2. 

1.2 Understanding Cognitive Variables 

A clear pattern emerges in the effect of situational goal involvement on the 

cognitive variables. The approach, relative to the avoidance, conditions of motivation 

improved task performance across a variety of cognitive domains, including attention 

(Experiment 1, Study 2), problem solving (Experiment 2, Study 2), and memory (Study 

3). Attentional performance was highest in the mastery-approach condition. Participants 

responded quicker and made fewer errors to cued presentations within the alerting 

(including vigilance) and orienting networks and were less distracted by incongruent 

stimuli within the executive control network (Experiments 1 and 2, Study 2). 
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Additionally, participants in the approach conditions performed better in a problem-

solving task (Experiment 2, Study 2) and recalled more words in a free recall memory 

task (Study 3) as opposed to those in the avoidance conditions. Task performance across 

all three cognitive domains was lowest in the performance-avoidance condition. The 

complexity of situational factors (e.g., instructional demands) may affect an individual’s 

perception of the motivational climate. The results from Studies 2 and 3 indicate that 

neurocognitive function is influenced by achievement motivation at the situational level. 

Findings from the last two studies concur with past work whilst expanding in 

some key areas of research on motivated cognition. As previous work on attention has 

only focused on approach and avoidance motivational valences (Friedman and Förster 

2005a; Memmert and Caňal-Bruland 2009), in Study 2 the findings of improved 

attentional control in the approach conditions were replicated across two experiments 

and extended to incorporate the mastery and performance dimensions of motivation. A 

significant effect on problem solving observed in the approach conditions infers that 

previous studies (e.g., Friedman and Förster 2000) could be extended to include mastery 

and performance dimensions (Bjørnebekk, Gjesme, and Ulriksen 2011). The findings 

from Study 3 also fit well within the contemporary achievement goal literature in which 

the mastery-approach and performance-approach goals are considered effective forms 

of emotional memory retrieval (Ikeda et al. 2015; Murayama and Elliot 2011). It 

appears that achievement motivation can influence individual performance such as 

response time, error rate, and recall accuracy in cognitive tasks. Approach, relative to 

avoidance, motivation modulates achievement behaviour across different cognitive 

domains. This often leads to enhanced attentional functioning, effective problem-

solving, as well as prioritised processing and retrieval of emotional information. 

1.3 Understanding Psychophysiological Variables 

The pattern of frontal activation observed in Studies 1 to 3 was lateralised in a 

manner consistent with the traditional ‘left = positive/approach’ and ‘right = negative/ 

withdrawal’ pattern suggested in Davidson’s model (Davidson 1992b; Davidson et al. 

1990). Study 1 revealed that the link between frontal asymmetry and well-being reflects 

a lateralised role for the PFC in the processing of approach motivational tendencies that 

is integral with affective responses and largely determined by levels of mastery-

approach orientation. Hemisphere-specific analyses revealed the importance of goal-
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directed approach tendencies over and above the contribution of mastery-approach 

orientation for eudaimonic but not for hedonic well-being. This is consistent with 

previous work showing the main cortical areas involved in well-being are located in the 

PFC (Urry et al. 2004; Davidson 2004a). Study 2 extended correlational findings by 

examining the effect of situational goal involvement on asymmetric frontal brain 

activity. Right line bisection bias was revealed in the approach conditions, whereas left 

line bisection bias was observed in the avoidance conditions (Experiment 1). Line 

bisection was increased by the same motivational factors that heightened approach-

related prefrontal EEG asymmetry (Experiment 2). Further research with these variables 

set out to confirm the role of achievement goals in neural information processing. 

A final finding of note concerns the effect of situational goal involvement on the 

ERP amplitudes elicited during visual processing of emotional and neutral word stimuli. 

While early attentional capture typically prioritises negative stimuli (Huang and Luo 

2006; Li, Zinbarg, and Paller 2007), later stages of processing are associated with 

enhanced neural activity in response to positive stimuli (Delplanque et al. 2006; Kissler, 

Assadollahi, and Herbert 2006). Individuals in the avoidance conditions showed 

enhanced spatial attention allocation (larger P1) in response to negative words over the 

parietal and occipital brain regions. In contrast, individuals in the approach conditions 

exhibited larger LPC amplitudes in response to positive words over the anterior portion 

of the frontal cortex. These results suggest that increased right frontal activation in the 

avoidance conditions promotes a generalised negativity bias (Grimshaw and Carmel 

2014) associated with negative emotional experience and enhanced spatial attention 

allocation as measured by the P1 component (Carretié et al. 2001; Hofmann et al. 2009; 

Kissler and Herbert 2013). This early spatial attention deployment extends to anterior 

LPC modulation (Cunningham et al. 2005) evoked by positive words in the mastery-

approach condition. The current findings are consistent with models in which discrete 

regions of the PFC are specialised for the evaluative processing of emotional stimuli. 

2. Theoretical and Practical Implications of the Research 

2.1 Theoretical Implications 

Based on the current literature and the three studies of this thesis, several 

inferences can be made relating to theory. Social-cognitive models and positive 

psychological theories have provided a foundation for neuroscientific investigation. 
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Firstly, most empirical research on achievement motivation has focused on behavioural 

methods and self-reports of experiences (see Senko, Hulleman, and Harackiewicz 2011 

for a review). The neuroscience of achievement goals provides new objective insights 

into a model previously dominated by social-cognitive factors that rely heavily on 

introspective and behavioural methods. Secondly, there is little evidence for the neural 

processes of achievement goals and their links with subjective and psychological well-

being using high-resolution EEG imaging of brain activity. EEG data can help 

substantiate and expand links between social-cognitive and positive psychological 

constructs by allowing more accurate predictions from experimental manipulations of 

brain and behaviour and providing more objective empirical evidence over the 

traditional self-report methods. Ochsner (2007: 51) noted that ‘The combination of 

multiple streams of data allows researchers to converge on theoretical explanations that 

are robust and flexible and are not tied to a single specific experimental methodology’ 

(see Di Domenico and Ryan 2017 for a relevant discussion). Knowing the key brain 

regions and patterns of neural activity that are associated with motivation and emotion, 

social-cognitive theorists can draw objective inferences about the neurobiological 

processes of achievement motivation, psychological health, and emotional experience. 

There is clear evidence to support the key role of approach and avoidance 

motivation in models of AGT. It appears that the approach-avoidance distinction 

represents a conceptual lens through which to view the structure and function of 

achievement motivation (Elliot 2006). Identifying the benefits of approach aspects of 

mastery and performance goals in all three studies supports theoretical expectations of 

achievement goal theorists (Elliot 1999; Elliot and McGregor 2001). It is clear that 

approach dimensions of motivation are more adaptive than avoidance in achievement 

settings. Further, the debate of whether to encourage mastery or performance climates is 

informed by evidence that both can be considered important in optimising individual 

competence. However, the pattern for mastery-avoidance goals was either weak or non-

significant, albeit more positive than that for performance-avoidance goals (Studies 2 

and 3). Further examination is required to clarify the reason for the distinct findings 

produced by the approach and avoidance aspects of the mastery goal structure. A more 

recent 3x2 framework of AGT (Elliot, Murayama, and Pekrun 2011) may provide a 

better insight into the mastery-avoidance goal construct with the breakdown of the 
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mastery dimension into task- and self-referenced approach and avoidance goals. The 

impact of mastery and performance involving climates on achievement-relevant 

outcomes may largely depend on whether the approach or avoidance motivation is more 

salient in a given achievement situation. What seems clear is that the approach-

avoidance distinction is of high conceptual and empirical utility in motivational analysis 

of achievement behaviour. 

Each study of this thesis incorporated electrophysiological measures in order to 

provide more objective empirical evidence of cognitive processes and affective 

responses. A validated and well-established theory of frontal brain asymmetry in 

emotional processing (Davidson 1983, 1993) is supported and extended beyond the 

approach-withdrawal distinction to incorporate the mastery and performance aspects of 

AGT. Study 1 supports previous findings that left superior frontal EEG asymmetry may 

serve as an individual difference variable that predicts hedonic and eudaimonic well-

being (Urry et al. 2004). In accordance with moderation models of frontal EEG 

asymmetry (Coan and Allen 2004), Study 1 provides further evidence for an interaction 

between prefrontal/mid-frontal EEG asymmetry and a mastery-approach orientation in 

the prediction of eudaimonic well-being. Despite not directly testing for the interactive 

effects of personal and situational motivational variables, Study 2 provides causal 

evidence for the influence of goal involvement on perceptual (Experiment 1) and 

prefrontal cortical (Experiment 2) asymmetries. As well as confirming the impact of 

goal involvement on memory recall, Study 3 suggests that frontal brain asymmetry 

would rely on a combination of emotional (valence) and motivational (achievement 

goals) factors that modulate the temporal ERP changes in neurocognitive activity. 

Current models may benefit from greater theoretical and empirical integration of 

motivation-emotion interactions and the neural mechanisms that appear to be involved.  

The findings also contribute to neurocomputational models of cognitive-

emotional interactions. Study 3 supports and extends a three-stage model of emotional 

word processing (Zhang et al. 2014) by showing the effects of achievement motivation 

on scalp-recorded ERPs elicited during visual processing of emotional words. This 

finding builds on theories that lateral PFC is specialised for integrating goal-related 

emotional states with the cognitive control of behaviour by actively maintained goals 

(Gray and Braver 2002). It appears that motivation and emotion modulate cognitive 
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control via common neural networks (Chew and Braver 2011). This is consistent with 

earlier ideas that approach and withdrawal emotional states modulate cognitive control 

on a hemispheric basis (Heller 1990; Tomarken and Keener 1998). Whilst theory and 

research has established that motivation and emotion are an integral part of cognitive 

processing, their interrelationships with objective markers of psychophysiological 

functioning have important theoretical implications. Clarifying the motivation-emotion-

cognition interactions and their related neural mechanisms (Crocker et al. 2013) can 

help unite disparate lines of research within a common theoretical framework and 

provide a more nuanced picture of these interactions and their complexities. 

2.2 Practical Applications 

The main purpose of the present line of research was to determine the types of 

achievement goals that promote optimally adaptive outcomes. The current findings have 

important and wide-reaching implications for practitioners and policy makers seeking to 

implement motivational strategies to optimise and monitor well-being and performance 

in achievement settings. The key to students’ well-being is creating a mastery-approach 

focused teaching environment. Students with a state of goal involvement focused on 

task mastery and self-improvement are more likely to experience positive affect and 

eudaimonic well-being. Further, creating mastery-approach classroom climates can 

enhance students’ motivation and learning (e.g., Morgan and Carpenter 2002) and 

strengthen the inhibitive aspect of well-being, reflected by a lack of negative affect. 

Thus, practitioners in education should aim to foster a motivational climate that could 

influence the degree to which students perceive mastery of the tasks as important. 

The present findings support the TARGET model of motivation (Epstein 1989) 

as influential in determining the strategies that foster a mastery-involving climate 

(Ames 1990, 1992). Accordingly, teachers should use specific strategies related to the 

classroom structure (design of the session) and teaching intervention (activity during the 

session) based around specifics of TARGET principles (Task, Authority, Recognition, 

Grouping, Evaluation, and Time). Consequences of placing an emphasis on TARGET 

strategies include prevention of negative affective experiences (e.g., distress, sadness, 

displeasure), or from another perspective, facilitate positive affective experiences (e.g., 

joy, happiness) and psychological well-being (e.g., environmental mastery, autonomy, 

self-acceptance, personal growth, positive relations with others, and purpose in life). 
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Thus, creating a mastery-approach focused teaching environment and reducing the 

possibility of peer comparisons with avoidance normative standards will facilitate the 

use of instructional practices that support individual student growth and well-being. 

The findings from Studies 2 and 3 underscore the importance of creating 

approach conditions of motivation for improving the cognitive abilities of students. It is 

hoped that practitioners in education will seek to adapt policies and practices that satisfy 

the conditions that maximise cognitive functioning (i.e., attention, problem solving, and 

memory) and subsequent learning. By emphasising mastery-approach and performance-

approach motivational climates, practitioners are more likely to adopt instructional 

strategies that define success in terms of learning or mastering new skills, reward 

individual effort, and maximise peer comparison where students’ focus is on attaining 

normative competence (Valentini and Rudisill 2006). Thus, teachers at all levels and 

populations should structure sessions to suit the motivational climate that should 

facilitate attention, problem solving, and memory performance in the classroom. 

The use of TARGET structures is encouraged to create a mastery-approach 

motivational climate in the classroom to optimise attention. Class tasks should be 

structured to optimally challenge all students. Teachers should encourage students to 

engage in decision-making and leadership roles. Recognition and evaluation from the 

teacher should be given privately and individually based on effort and progress. Finally, 

students should be divided into mixed competence and co-operative groups (e.g., 5-7 

students) and allowed flexible time for improvement and learning (Morgan and Kieran 

2010). Accordingly, a promising intervention strategy involves the use of different types 

of motivation and competence feedback to assess attention and emotional responses in 

students over three 4-minute tasks (see Sage, Stanley, and Krastev in preparation). To 

maintain attention and positive attitude, class tasks (see Appendix 1 of Chapter 6, page 

318 for a lesson plan example for secondary school children 11-18 years) should be 

structured with timely breaks approximately every 4 minutes to allow for regular 

feedback. Teachers are advised to use feedback of success and create conditions of 

approach rather than avoidance motivation to nurture confidence and self-improvement 

in the classroom. The proposed intervention will (1) refocus attention on task skills, (2) 

allow for reflection on personal skill development, (3) reinforce self-improvement 
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goals, and (4) maintain competence. These principles can be adapted to a variety of 

tasks to improve problem solving and memory performance in the classroom. 

The findings from the present line of research can also be incorporated in 

pedagogical practices to develop and maximise students’ ability to problem solve. 

Problem solving is a central component of learning mathematics in the early years at 

school. Students with higher perceptions of a mastery-approach climate are more likely 

to develop higher-order thinking skills and a repertoire of problem-solving strategies. 

Thus, teachers should structure class sessions using problem-based tasks (e.g., logical 

puzzles or geometry problems) that organise mathematical knowledge around the 

TARGET structures to develop strategic competence. Strategic competence is the 

ability to formulate, represent, and solve mathematical problems (Groves 2012). 

Teaching through problem solving (TTPS), therefore, appears to be a promising 

instructional approach to strategic competence which involves teaching mathematics 

through problem-solving contexts (e.g., Hiebert and Wearne 2003). TTPS takes place in 

an inquiry-oriented learning environment that promotes self-improvement and enables 

students to develop higher-level thinking during mathematical problem solving.  

It is also important to recognise the teacher’s role in developing classroom 

strategies to enhance students’ memory. By structuring mastery-approach focused 

sessions, teachers can maximise the likelihood that the content knowledge delivered to 

students will be retained and stored such that it will optimise efficient recall for later 

application. Examples of class activities for improving memory include mnemonics, 

grammatical exercises, unscrambling tasks, reading comprehension, and retrieval 

practice. Intervention strategies that teachers can use to organise materials for learning 

or memory (see Rotter 2009) include, but are not limited to, (1) connections (e.g., 

brainstorming), (2) odds of success (e.g., use tasks at varying difficulty and periodic 

checks for success), (3) meaningfulness of material (e.g., tie lessons to topics of high 

interest to students), (4) practice (e.g., encourage task mastery through rehearsal 

instructions), organisational strategy (e.g., state outcome goals and create study guides 

for learning), strategies (e.g., use visuals to support recall), and emotions (e.g., create a 

positive emotional setting to enable long-term retention of memories). The essence of 

learning is creating new memories for students and intervention strategies that 

emphasise task mastery and learning are, therefore, key to memory retention and recall. 



193 

 

 

 

Policy makers can benefit by understanding why students are motivated to pay 

attention, solve problems, enjoy classroom activities, and recall specific information. 

Recognition of the need for curricular changes that align standard learning and 

assessment with opportunities for continuous improvement and development is 

paramount. Curricular reforms should be structured around an education system that 

promotes application rather than mere acquisition of knowledge. Policy makers are 

advised to develop competency-based learning (CBL) courses across all levels of 

education. CBL can help practitioners define competencies for each course and establish 

assessment practices to determine when students have demonstrated mastery learning. 

This can be achieved through co-operative leadership teams that will allow practitioners 

to evaluate students’ competencies and shared expectations and then align curriculum 

and assessments to the competencies (e.g., Voorhees 2002). Although CBL can promote 

individual development and nurture confidence and self-improvement in the classroom, 

some students are not necessarily motivated to go beyond the requirements of the 

specified learning task. In this case, curricula should be structured to accommodate 

competitive tasks where students are positively motivated to do better than others. 

Curriculum development and change should, therefore, be guided by an individualised 

approach to learning which is crucial to ensuring effective and sustainable performance. 

Interventions can be devised based on the current findings and emerging work 

that has linked mindfulness with attentional control (Chambers, Lo, and Allen 2008; 

Jha, Krompinger, and Baime 2007), problem solving (Ostafin and Kassman 2012; Ren 

et al. 2011), and working memory (Mrazek et al. 2013). Mindfulness-based 

interventions (MBIs) represent a promising approach and their recognised benefits have 

been contextualised in teaching and learning (Roeser 2014; Schonert-Reichl et al. 

2005). Brief mindfulness meditation techniques can produce significant increases in 

left-sided frontal activation (Moyer et al. 2011; Zhou and Liu 2017), a pattern 

associated with hedonic and eudaimonic well-being in all three studies. An 8-week 

training programme in mindfulness meditation leads to physiological changes in 

immune function and improvements in physical and mental well-being (Davidson et al. 

2003). Thus, policy makers should incorporate MBI practices such as the Mindfulness 

in Schools Project .b (dot be) into existing curriculum courses to optimise attention, 

problem solving, memory, and well-being (Lawlor 2014). A promising MBI includes 
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40-60 minutes daily lessons spanning 8 weeks to develop self-mastery, self-regulation, 

self-awareness, compassion, and empathy. In case of successful replication of the 

present findings and in line with existing evidence supporting positive cognitive effects 

of mindfulness, there would be good reasons to establish MBIs in the school context. 

Neuroscientific approaches to psychological issues can complement 

experimental work by providing entry points for intervention. Inferences on adaptive 

goal orientations (Study 1) and motivational climates (Studies 2 and 3) and their 

recognised benefits for cognitive functioning and well-being were drawn from 

triangulation with objective EEG measures. Frontal EEG asymmetry can serve as a 

biomarker of affective and cognitive states. If replicated in control and clinical 

populations, the present findings can strengthen the evidence-base for positive 

psychological interventions (PPIs). PPIs such as a single session moderate exercise can 

be effective in enhancing cognitive functioning and well-being (see Mandolesi et al. 

2018 for a review), as well as in helping to reduce negative interpretation bias, anxiety, 

depression, and stress (Clarke et al. 2018). Neurotherapeutic interventions such as EEG 

biofeedback can also help in locating and describing areas of abnormal functioning and 

then target clinical populations to improve their cognitive health and daily functioning 

(e.g., Enriquez-Geppert, Huster, and Herrmann 2017). Overall, EEG brainwave signals 

can help health practitioners determine brain activity levels and health state, and match 

PPIs to areas of development that would optimise well-being and functioning. 

Further, bespoke interventions can be developed that take emotional and 

motivational factors into account for specific individuals and groups and specifically 

target areas in most need of development relating to information processing and 

learning. With advances in technology and EEG-analysis methods, objective evidence 

of emotional and motivational processes can be more easily assessed which will help 

inform practitioners in education on the best path for improving their teaching practices 

and maximise students’ learning and achievement. By continually measuring emotional 

and motivational states of students, educational practitioners will be able to monitor and 

support learners’ cognitive performance and emotional experience in the classroom. 

The identification of adaptive types of motivation and the stages at which 

emotional processing occurs can have further implications for special needs students. 

The late positive complex (LPP) is a clinically relevant neural marker for emotion 
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regulation and mood disruptions in children (Dennis and Hajcak 2009). Thus, 

interventions using repeated assessments of brain functionality can offer alternative 

methods for the early identification of atypically developing children (Nelson III and 

McCleery 2008). Students with special education needs are even more susceptible to 

emotional and behavioural problems (e.g., Niesyn 2009) that are associated with the 

aetiology of diverse conditions such as depression (Forbes and Dahl 2005), antisocial 

behaviour (Hinshaw 2002), and suicidal ideation (Wyman et al. 2009). Interventions 

such as, for example, anger management may reduce aggressive-disruptive behaviours 

and strategies for increasing tolerance of distressing emotions may reduce self-harm 

behaviours in students. Emotional competencies can also be taught in classroom 

prevention curricula (Greenberg et al. 1995). If replicated, the findings from Study 3 

may provide a basis for testing emotional dysregulation processes based on motivational 

programmes that facilitate treatment strategies across clinical and student populations. 

3. Limitations of the Studies and Directions for Future Research 

The present thesis highlights specific issues that could direct future work on 

achievement motivation, regional brain activity, cognitive functioning, emotional 

processing, and well-being. The prime limitation of the present line of studies relates to 

the advantages of using alternative methods of data collection. Longitudinal and 

intervention studies both have their place in the empirical investigation of adaptive 

motivational variables, psychophysiological indices of brain function, cognitive and 

affective outcomes. Previously, there has been a reliance on cross-sectional designs. 

Studies 2 and 3 bring to light the advantages of using experimental designs in the study 

of achievement motivation, regional brain activity, well-being, attention, problem 

solving, memory, and emotion. Thus, subsequent work should continue to employ 

cross-disciplinary approaches to the study of these variables and a diversity of 

techniques such as recently proposed longitudinal designs (e.g., Sage, Stanley, and 

Krastev in preparation) and emerging field interventions (e.g., Crocker et al. 2013). 

Conditions of mixed goal structures (or goal profiles) could be examined by 

comparing high mastery plus high performance approach conditions with corresponding 

low mastery and low performance avoidance conditions. For further validation of the 

research on achievement goal profiles, prospective longitudinal designs should 

investigate whether certain combinations of goals can lead to more favourable 
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developments in cognitive and emotional outcomes over time. Motivational profiles 

characterised by a combination of high mastery-approach and performance-approach 

goals with low performance-avoidance goals are associated with positive long-term 

educational outcomes, including adaptive patterns of motivation, social and emotional 

well-being, learning engagement, and academic achievement (for a review, see 

Wormington and Linnenbrink-Garcia 2016). Thus, further longitudinal research is 

necessary to gain insight into the sustained benefits of specific goal profiles.  

A limitation of Studies 2 and 3 was to randomly allocate participants to 

motivational conditions, rather than assigning them to conditions matching their 

individual goal orientations. Students are more intrinsically motivated to perform 

cognitive tasks (e.g., brainstorming) in classroom environments matching their 

individual goal orientations (Jagacinski, Madden, and Reider 2001). In addition, 

individuals with a mastery goal orientation and perceived mastery climate are more 

likely to experience positive psychobiosocial states (i.e., motivation, cognition, emotion, 

bodily reactions, movement, performance, and communication; Bortoli, Bertollo, and 

Robazza 2009). Future studies should, therefore, match approach and avoidance, 

mastery and performance goal orientations to respective manipulations in motivational 

climate. This proposed line of investigation should potentially intensify the levels of 

motivational involvement and subsequent effects on the outcome variables. 

 A further issue relates to the measurement of goal orientations in Study 1. The 

revised Achievement Goal Questionnaire (AGQ-R; Elliot and Murayama 2008) was 

adapted to a general context in order to overcome the limitations of previous domain-

specific measures of motivation. The psychometric properties of the mastery-approach 

and performance-avoidance dimensions were borderline adequate. Moreover, the 

mastery-avoidance and performance-approach dimensions had low levels of internal 

consistency and were removed from the analysis. Whilst the more generalised measure 

represents a broader assessment of dimensions of achievement motivation, the diversity 

of items modified for a general context may have had implications on the factor 

structures and reliabilities of the scale. Consequently, conclusions pertaining to the 

mastery-approach and performance-avoidance dimensions should be interpreted with 

caution. Psychometric assessments of goal orientations are necessary across general 
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contexts to improve the generalisability of the findings and substantiate hypothesised 

relationships with psychophysiological, bio-behavioural, and well-being variables. 

Another shortcoming relates to the limited contexts in which changes in 

dynamic neural activity have been assessed. ERPs have been measured almost 

exclusively using tasks tapping basic emotional processing (e.g., viewing emotional 

versus neutral words), such as those used in Study 3 and other recent research (e.g., Yi 

et al. 2015; Zhang et al. 2014). A direction for future research is to examine the effect of 

situational goal involvement on the temporal dynamics of cognitive emotion regulation 

across a variety of tasks (e.g., moral dilemmas, emotional Stroop tasks), contexts (e.g., 

education, sport), and situations (e.g., exam, sport competitions). The proposed line of 

investigation will combine fMRI and ERP techniques to examine whether adaptive 

types of motivation can lead to better cognitive ability and dynamic range of neural 

activity associated with emotional responding. Thus, additional research is needed to 

substantiate the finding that the degree of neural activation is not habitually high or low, 

but rather it depends on the perceived goal climate and emotional context of the task. 

Further, a promising future study can seek to replicate and expand on the 

findings of attention, problem solving, memory, motivation, and affective responses in 

Study 2. This will be a field-based experiment that introduces an ecologically valid task 

in specific learning contexts (i.e., education) and broaden the outcome variables to 

include other cognitive measures (e.g., creativity, reasoning, decision making) and more 

context specific standardised measures of performance such as the Wide Range 

Achievement Test 4 (WRAT4; Wilkinson and Robertson 2006). Attentional variables 

can also be measured on a sub-sample of participants using a combination of eye tracker 

data and adaptations to the ANTI-V attentional measure. This would add concurrent 

validity to the measures and particularly the context specific adaptations of the ANTI-V. 

The present line of studies provides evidence for patterns of brain asymmetry 

from a single EEG recording session. As our brain is plastic, it maintains the ability for 

reorganisation throughout life (for a review, see Pascual-Leone et al. 2005). In addition 

to confirming the test-retest stability of EEG asymmetry, longitudinal evaluations of 

plastic changes in the brain are warranted. This area of neuroscience is yet to be applied 

to educational research. Longitudinal neuroimaging studies on adolescent brain 

development have revealed neural changes in emotional reactivity (e.g., Pfeifer et al. 
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2011). Future educational neuroscience research may include classroom interventions 

such as mindfulness meditation and how it affects the neural mechanisms underlying 

motivation and well-being. Such interventions are worth pursuing for educators who 

seek adaptive learning-engaging strategies that optimise student learning and 

performance across a range of individual capabilities. Again, longitudinal designs 

combining EEG and fMRI can advance understanding of how the brain is changing 

across development and provide a basis for PPIs that target well-being and motivation. 

The psychological benefits of mindfulness are wide-ranging (Brown and Ryan 

2003) but the study of the neural changes produced by mindfulness requires further 

consideration. Recent experimental work has revealed increases in left-sided frontal 

EEG activation, positive affective states, and eudaimonic well-being following an 8-

week mindfulness training programme (Allen, Sage, and Krastev in preparation). 

Combining fMRI or EEG with non-invasive perturbation techniques (e.g., transcranial 

magnetic stimulation, Huber et al. 2012; transcranial direct-current stimulation, 

Reinhart and Woodman 2014) or immuno-physiological manipulations (Davidson 

2003) can further understanding of how regional changes in brain activity alter network 

function and, ultimately, cognition and emotion. Comparisons can then be made 

between groups of child and adult participants and across a broader range of samples 

and contexts. Findings will hopefully lead to psychotherapeutic interventions that 

incorporate mindfulness techniques (e.g., Mindfulness-Based Stress Reduction) to 

improve cognitive and affective functions and reduce symptoms of psychopathology. 

4. Conclusions 

There is a call for multi-disciplinary integration of research with a wider aim to 

promote a more unified science of psychology. Neuroscience is of particular importance 

to the unification of psychology. The advantages of neuroscientific methods accrue 

from their relatively unbiased and objective indices of psychological processes related 

to motivational, cognitive, and affective constructs. Despite the progress that has been 

made in identifying adaptive motivational types, patterns of brain functioning, cognitive 

mechanisms, and indices of well-being, there is a long way to go before the complex 

interrelationships between these sets of variables are fully understood. The present 

thesis extends findings in these areas by triangulating EEG measures of frontal brain 

asymmetry with experimental manipulations of achievement motivation, self-report data 
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on affective variables, and cognitive measures of attention, problem solving, and 

memory. Psychophysiological methods can help evidence that the approach valence of 

achievement motivation is lateralised to the left side of the prefrontal cortex and play a 

crucial role in the development of frameworks that help optimise cognition, functioning, 

and well-being. High levels of mastery-approach and performance-approach motivation 

prove adaptive in facilitating well-being, cognitive performance, and approach-related 

left frontal cortical activity. It is clear that approach dimensions of motivation are more 

adaptive than avoidance but the debate of whether to encourage mastery or performance 

motivational climates should be settled by evidence that both may be important in 

optimising individual competence. Future longitudinal and intervention work is 

warranted alongside cross-sectional and experimental studies to establish a more 

comprehensive understanding of the reciprocal links between motivational variables, 

psychophysiological indices of brain function, cognitive processes, and well-being.
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Appendices 

CHAPTER 3 

Appendix 1 

BIS/BAS Scales 

Carver and White (1994) 

 

For each item, indicate how much you agree or 

disagree with what the item says. Please respond to all 

the items; do not leave any blank. Choose only one 

response to each statement. Please be as accurate and 

honest as you can be. 
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1. 1. A person's family is the most important thing in life. 1 2 3 4 

2. 2. Even if something bad is about to happen to me, I 

rarely experience fear or nervousness. 
1 2 3 4 

3. 3. I go out of my way to get things I want. 1 2 3 4 

4 4. When I'm doing well at something I love to keep at it. 1 2 3 4 

5. I'm always willing to try something new if I think it 

will be fun. 
1 2 3 4 

6. 6. How I dress is important to me. 1 2 3 4 

7. 7. When I get something I want, I feel excited and 

energized. 
1 2 3 4 

8. 8. Criticism or scolding hurts me quite a bit. 1 2 3 4 

9. When I want something I usually go all-out to get it. 1 2 3 4 

10. I will often do things for no other reason than that 

they might be fun. 
1 2 3 4 

11. It's hard for me to find the time to do things such as 

get a haircut. 
1 2 3 4 

12. If I see a chance to get something I want I move on it 

right away. 
1 2 3 4 

13. I feel pretty worried or upset when I think or know 

somebody is angry at me. 
1 2 3 4 

14. When I see an opportunity for something I like I get 

excited right away. 
1 2 3 4 

15. I often act on the spur of the moment. 1 2 3 4 

16. If I think something unpleasant is going to happen I 

usually get pretty "worked up." 
1 2 3 4 

17. I often wonder why people act the way they do. 1 2 3 4 

18. When good things happen to me, it affects me 

strongly. 
1 2 3 4 

19. I feel worried when I think I have done poorly at 

something important. 
1 2 3 4 

20. I crave excitement and new sensations. 1 2 3 4 

21. When I go after something I use a "no holds barred" 

approach. 
1 2 3 4 

22. I have very few fears compared to my friends. 1 2 3 4 

23. It would excite me to win a contest. 1 2 3 4 

24. I worry about making mistakes. 1 2 3 4 
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Appendix 2 

 Adapted Version of the AGQ-R 

(Elliot and Murayama 2008) 

 

 

 

 

 

 

Consider your goals in life and what 

you consider as successful? 

Indicate how strongly you agree or 

disagree with each of the 12 statements 

below, using the following 5-point 

scale. Please respond to all the items. 

Choose only one response to each 

statement. Please be as accurate and 

honest as you can. 
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1. I aim to improve and master my 

skills. 
1 2 3 4 5 

2. I strive to do well compared to 

others. 
1 2 3 4 5 

3. My goal is to learn as much as 

possible. 
1 2 3 4 5 

4. My aim is to perform well relative to 

other people. 
1 2 3 4 5 

5. I learn to avoid not knowing enough. 1 2 3 4 5 

6. My goal is to avoid performing 

poorly compared to others. 
1 2 3 4 5 

7. I strive to understand the content of 

all information as thoroughly as 

possible. 

1 2 3 4 5 

8. My goal is to perform better than 

other people. 
1 2 3 4 5 

9. I avoid learning less than it is 

possible to learn. 
1 2 3 4 5 

10. I strive to avoid performing worse 

than others. 
1 2 3 4 5 

11. I aim to avoid an incomplete 

understanding of information. 
1 2 3 4 5 

12.  My aim is to avoid doing worse than 

other people. 
1 2 3 4 5 
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Appendix 3 

18-Item Version of the Psychological Well-Being (PWB) Scale  

Ryff and Keyes (1995) 
 

 

 
Circle the number that best describes 

your present agreement or 
disagreement with each statement. 

 
Strongly  
Disagre

e 

 
Disagree 

Somewhat 

 
Disagre

e 
Slightly 

 
Agree 

Slightly 

 
Agree 

Somewhat 

 
Strongly 

Agree 

1. I tend to be influenced by people 
with strong opinions. 

1 2 3 4 5 6 

2. In general, I feel I am in charge of 
the situation in which I live. 

1 2 3 4 5 6 

3. I think it is important to have new 
experiences that challenge how you 
think about yourself and the world. 

1 2 3 4 5 6 

4. Maintaining close relationships has 
been difficult and frustrating for me. 

1 2 3 4 5 6 

5. I live life one day at a time and don't 
really think about the future. 

1 2 3 4 
5 
 

6 

6. When I look at the story of my life, I 
am pleased with how things have 
turned out. 

1 2 3 4 5 6 

7. I have confidence in my opinions, 
even if they are contrary to the general 
consensus. 

1 2 3 4 5 6 

8. The demands of everyday life often 
get me down. 

1 2 3 4 5 6 

9.  For me, life has been a continuous 
process of learning, changing, and 
growth. 

1 2 3 4 5 6 

10. People would describe me as a 
giving person, willing to share my time 
with others. 

1 2 3 4 5 6 

11. Some people wander aimlessly 
through life, but I am not one of them. 1 2 3 4 

 
5 
 

6 

12. I like most aspects of my 
personality. 

1 2 3 4 5 6 

13. I judge myself by what I think is 
important, not by the values of what 
others think is important. 

1 2 3 4 5 6 

14. I am quite good at managing the 
many responsibilities of my daily life. 1 2 3 

 
4 
 

5 6 

15. I gave up trying to make big 
improvements or changes in my life a 
long time ago. 

1 2 3 4 5 6 

16. I have not experienced many warm 
and trusting relationships with others. 

1 2 3 4 5 6 

17. I sometimes feel as if I've done all 
there is to do in life. 

1 2 3 4 5 6 

18. In many ways, I feel disappointed 
about my achievements in life. 1 2 3 4 5 6 
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Appendix 4 

Positive Affect Negative Affect Schedule (PANAS) 

Watson, Clark, and Tellegen (1998) 

 

 

This scale consists of a number of words that describe different feelings and emotions. 

Read each item and then list the number from the scale below next to each word.  

 

Indicate to what extent you feel this way right now, that is, at the present moment 

OR indicate the extent you have felt this way over the past week.  

 

 

 

 

1 

Very Slightly 

or Not at All 

2 

A Little 

3 

Moderately 

4 

Quite a Bit 

5 

Extremely 

 

 

 

__________ 1. Interested                      __________ 11. Irritable 

__________ 2. Distressed                      __________ 12. Alert 

__________ 3. Excited                      __________ 13. Ashamed 

__________ 4. Upset                       __________ 14. Inspired 

__________ 5. Strong                      __________ 15. Nervous 

__________ 6. Guilty                      __________ 16. 

Determined  

__________ 7. Scared                      __________ 17. Attentive 

__________ 8. Hostile                      __________ 18. Jittery 

__________ 9. Enthusiastic                      __________ 19. Active 

__________ 10. Proud                      __________ 20. Afraid 
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Appendix 5 

International 10-20 Electrode Placement System  

 

 

 
 

 

Note. Topographic map representation of 32 electrodes according to standard 10-20 

system.  FP = Prefrontal; AF = Anteriofrontal; F = Frontal; FC = Fronto-central; T = 

Temporal; C = Central; CP = Centro-parietal; P = Parietal; PO = Parieto-occipital; O = 

Occipital. The ‘z’ (zero) refers to an electrode placed on the mid line (Fz, Cz, Pz, Oz). 
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Appendix 6 

 

 

Participant Information Sheet 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 
Participant # _______________       
 

Project Title: 

Motivational, Bio-Behavioural, and Neural Predictors of Eudaimonic and Hedonic Well-Being 

 

What is the purpose of the study? 

Your participation in this research will contribute to the development of an integrated science of 

achievement motivation by triangulating links between cognitive, neural, and affective variables. 

The specific aim of this study is to investigate the links between dispositional achievement goal 

orientations, frontal brain asymmetry, and behavioural approach and avoidance systems as 

predictors of eudaimonic and hedonic well-being in university students. 

 

Why have I been chosen to participate? 

You have been chosen as a student at Coventry University who has volunteered to take part in 

this study via the University research participation website or by opportunity sampling. 

   

Do I have to take part? 

No. Participation is entirely voluntary and at your own discretion. If you change your mind and 

no longer wish to take part in the study, you can withdraw at any point without any consequences. 

You can also withdraw from the project at any time in the two weeks following the experiment. 

This can be achieved by contacting the primary researcher (Ivaylo Krastev) on the email address 

below and providing your student number. In such a case, all your data will be destroyed and will 

not be used in the study. You will still receive your 100 research credits.  

 

What will happen to me during the study? 

You will be invited to attend the EEG lab (CWB25) and complete a battery of self-report 

questionnaires aimed to establish correlations between key personality characteristics. This will 

be followed by a baseline Electroencephalography (EEG) recording of your brain activity. An 

EEG detects and displays electrical patterns of brain activity on a computer screen. You will be 

sat comfortably on a chair and asked to complete 8 one-minute trials (4 eyes-opened and 4 eyes-

closed) of brain recording. The experiment will take approximately 60 minutes to complete.  

 

What are the potential disadvantages involved in the study? 

There are minimal risks of this study. Brain recording requires visual concentration which may 

make you feel fatigued. Please note that there are no known ill effects of EEG and no reported 

studies have revealed any negative effects of EEG on brain tissue. If at any point you feel fatigue 



273 

 

 

 

or discomfort, you are free to withdraw and/or seek professional advice from the CU Counselling 

and Mental Health team on: +44 (0) 24 7765 8029 or counsell.ss@coventry.ac.uk.  

 

What are the benefits of taking part in the study? 

As an undergraduate student, you will gain valuable insights into how experimental research is 

conducted and experience what is like to be a participant in such a study. This knowledge and 

practical experience may shape and inform how you choose to conduct your own final year 

project. If you are a Level 1 or Level 2 undergraduate psychology students, your will have the 

opportunity to earn a total of 100 research participation credits which will further contribute to 

the collection of your 900 credits required to progress to Level 3. 

 

What if something goes wrong? 

It is very unlikely that you will encounter any issues, but if the study has to be terminated for 

whatever reason or if you no longer wish to continue, you will still receive full participation 
credits if you are a Level 1 or Level 2 Psychology BSc student. If you feel something is wrong 

and wish to withdraw from the study, do not hesitate to contact me (Ivaylo Krastev), my 

supervisor (Dr. Luke Sage) or Prof. Ian Marshall (Chairman of Coventry University Ethics 

Review Committee) within two weeks of your participation via the email addresses stated below. 

I will do my best to provide maximum support for any issues that arise.  

  

Will my participation be kept confidential? 

Yes. Only the researchers involved in collecting and analysing the data will have access to your 

personal information. Consent forms will be stored separately from other study data obtained 

from you. Once your data has been transferred and input into a (password protected) computer 

file, your scores will only be associated with a participation number. Hard-copies of the data will 

be stored in a locked cabinet. Once the data is analysed, the raw data will be destroyed.   

 

What will happen to the results of the experiment? 

The results will be analysed and written up as part of a PhD thesis. The study may also be 

published in a peer-reviewed journal and/or presented at an academic conference by the primary 

researcher. Personal information will be kept confidential and never disclosed to anyone external 

of the research team. 

 

Who is organising and funding the research? 

The research is organised by Ivaylo Krastev under the direct supervision of Dr. Luke Sage 

(Director of Studies) and Dr. John Williams (supervisor) and it is not externally funded. 

 

Who has reviewed the study? 

This study is part of a larger PhD research project that has been independently reviewed and 

subsequently approved by the Coventry University HLS ethics review committee. 

 

Contact for further information: 

Researcher: Ivaylo Krastev               Supervisor: Dr. Luke Sage 

Email: krastevi@uni.coventry.ac.uk                 Email: Luke.Sage@coventry.ac.uk 

 

Complaints: 

If you wish to make a complaint with respect to any component of the research procedure that 

you were dissatisfied with, you may contact Prof. Ian Marshall (Chairman of CU Ethics Review 

Committee) using the following email: Ian.Marshall@coventry.ac.uk. 
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Appendix 7 

 

 

Participant Consent Form 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 

 

Please enter your Student ID: _______________        

 

 

 

The Effects of Brain Asymmetry and Achievement Motivation on Cognitive Processing 

and Affective Responses 

 

I hereby confirm that I have read and understood the participant information sheet. I have 

had the opportunity to consider the information, ask questions about the study and have 

these answered satisfactory. As such, I provide my consent to participate in the above 

project conducted within the School of Psychology, Social and Behavioural Sciences, 

Faculty of Health and Life Sciences at Coventry University. I understand that the 

information that I provide in the study will remain confidential and be used for research 

purposes only. Finally, I am aware that my participation is voluntary and should I wish 

to withdraw from the study then I may do so, without penalty, by informing the lead 

researcher within two weeks of completion of the study.  

 

 

 

Signed: ________________________  Date: _____________________ 

(Participant)      (Participant) 

 

 

 

Signed: ________________________  Date: _____________________ 

(Researcher)      (Researcher) 
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Appendix 8 

 

 

Participant Background Form 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 

Please, provide your personal demographics, contact details, and additional health-related 

information. This information will be held in the strictest confidence and your identity 

will remain completely anonymous:  

 
 

Print Name: 
 

 

 

Age: 
 

 

 

Sex: 
 

 

 

Ethnicity: 
e.g., White British; British African; British 

Asian; Mixed; Other (please specify) 

 

 

Coventry University Email Address: 
 

 

 

Education: 
(e.g., undergraduate/postgraduate) 
 

 

 

Study Course: 
 

 

 

Do you have normal or corrected to 

normal vision and/or hearing? 
 

 

 

Do you have a history of mental illness? 
 

 

 

Do you have a history of epilepsy? 
 

 

 

Do you have a history of traumatic 

brain injury?  
 

 

 

Signed: ________________________  Date: _____________________ 

(Participant)      (Participant) 

 

Signed: ________________________  Date: _____________________ 

(Researcher)      (Researcher)
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Appendix 9 

Debrief Information 

 
 
Ivaylo Krastev, BSc (Hons), MBPsS 

School of Psychological, Social and Behavioural Sciences 

Faculty of Health and Life Sciences, Coventry University 

Priory Street, Coventry, CV1 5FB, JS265 

Email: krastevi@uni.coventry.ac.uk 

 

 

Project Title: The Effects of Brain Asymmetry and Achievement Motivation on Cognitive 

Processing and Affective Responses 

 

Thank you for your participation in this study. Your time and efforts are integral to forwarding our 

scientific understanding of how human brain operates in relation to people’s motivational goal 

orientations, behavioural disposition, and levels of affect. Specifically, the study explores the links 

between frontal EEG asymmetry, achievement goal orientations, and behavioural approach and 

avoidance systems as predictors of eudaimonic and hedonic well-being in university students. A 

second aim is to test for any mediating effects of the goal orientations in any relationship between the 

behavioural systems and well-being. A third aim is to examine any effects of the goal orientations on 

well-being as moderated by trait patterns of frontal EEG asymmetry. 

 

There is scant research examining the neural bases of eudaimonic and hedonic well-being. Evidence 

suggests that greater relative left than right superior frontal EEG activation is association with 

eudaimonic and hedonic well-being (Urry et al. 2004). Our study builds on this past work by using a 

younger sample and extends this research area by adopting the 2 x 2 achievement goal framework 

(Elliot and McGregor 2001). This is an initial exploration of triangulating links between motivation, 

neuro-behavioural markers, and well-being. 

 

These are the things our data analysis will look at. It is expected that greater left than right frontal 

brain activation will positively predict eudaimonic and hedonic well-being. People with dominant 

behavioural approach system and mastery-approach goal orientation would report higher levels of 

well-being. It is also hypothesised that 1) goal orientations may mediate the relationship between 

behavioural systems and well-being and 2) well-being, as predicted by the goal orientations, may be 

moderated by frontal EEG asymmetry. To learn more about this area, we refer you to: 

 

Davidson, R. J. (2004) ‘Well-Being and Affective Style: Neural Substrates and Biobehavioural 

Correlates’. Philosophical Transactions B 359 (1449), 1395-1411  

Elliot, A. J. and McGregor, H. A. (2001) ‘A 2 x 2 Achievement Goal Framework’. Journal of 

Personality and Social Psychology 80 (3), 501-519 

Kringelbach, M. L. and Berridge, K. C. (2009) ‘Towards a Functional Neuroanatomy of Pleasure 

and Happiness’. Trends in Cognitive Sciences 13 (11), 479-487 

Urry, H. L., Nitschke, J. B., Dolski, I., Jackson, D. C., Dalton, K. M., Mueller, C. J., Rosenkranz, M. 

A., Ryff, C. D., Singer, B. H., and Davidson, R. J. (2004) ‘Making a Life Worth Living: 

Neural Correlates of Well-Being’. Psychological Science 15 (6), 367-372 

 

If you have any questions or were dissatisfied with the way the research was conducted, please contact 

the lead investigator Ivaylo Krastev at krastevi@uni.coventry.ac.uk. Thanks for your help. 
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Appendix 10 

Frontal EEG Asymmetry Metrics 

 

 

Table 1 

Inter-Item Correlations Between the Twelve Frontal Alpha Asymmetry Scores 

 

EEG 

Sites 
F4 F3 F8 F7 AF4 AF3 FP2 FP1 FC2 FC1 FC6 FC5 

F4 1            

F3 .98 1           

F8 .94 .92 1          

F7 .91 .93 .94 1         

AF4 .95 .93 .88 .85 1        

AF3 .93 .94 .86 .86 .98 1       

Fp2 .86 .84 .82 .76 .93 .93 1      

Fp1 .83 .85 .81 .81 .90 .92 .95 1     

FC2 .96 .94 .90 .88 .87 .85 .74 .73 1    

FC1 .95 .95 .88 .88 .85 .85 .72 .72 .98 1   

FC6 .94 .92 .96 .92 .85 .84 .74 .75 .94 .92 1  

FC5 .91 .93 .91 .95 .82 .83 .72 .74 .91 .91 .94 1 



 

 

 

 

2
7
8

 

CHAPTER 4 

Appendix 1 

The AGQ in a General Academic Context 

Finney, Pieper, and Barron (2004) 

Consider your goals in life and what you consider as successful? 

Indicate how strongly you agree or disagree with each of the 12 statements below, using 

the following 5-point scale. Please respond to all the items. Choose only one response to 

each statement. Please be as accurate and honest as you can. S
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13. Completely mastering the material in my courses is important to me this semester. 1 2 3 4 5 

14. My goal this semester is to get better grades than most of the other students.  1 2 3 4 5 

I want to learn as much as possible this semester. 1 2 3 4 5 

15. It is important for me to do well compared to other students this semester.  1 2 3 4 5 

16. I am afraid that I may not understand the content of my courses as thoroughly as I’d like. 1 2 3 4 5 

17. I just want to avoid doing poorly compared to other students this semester.  1 2 3 4 5 

18. The most important thing for me this semester is to understand the content in my courses as 

thoroughly as possible. 
1 2 3 4 5 

19. I want to do better than other students this semester. 1 2 3 4 5 

20. I worry that I may not learn all that I possibly could this semester. 1 2 3 4 5 

21. The fear of performing poorly is what motivates me. 1 2 3 4 5 

22. I am definitely concerned that I may not learn all that I can this semester.  1 2 3 4 5 

23.  My goal this semester is to avoid performing poorly compared to other students. 1 2 3 4 5 
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Appendix 2 

Visual Analogue Mood Scales (VAMS) 

 Bond and Lader (1974) 

 

This form is a mood rating scale and the intention is to measure your feelings as they 

are at the moment. The instructions are at the top of the form. Please read them carefully 

and proceed. Have you any questions? 

 

1. Please rate the way you feel in terms of the dimensions given below. 

2. Regard the line as representing the full range of each dimension. 

3. Rate your feelings as they are at the moment. 

4. Mark clearly and perpendicularly across each line. 

 

Alert 

 

 Drowsy 

Calm 
 

Excited 

Strong 
 

Feeble 

Muzzy 
 

Clear-headed 

Well-coordinated 
 

Clumsy 

Lethargic 
 

Energetic 

Contented 
 

Discontented 

Troubled 
 

Tranquil 

Mentally slow 
 

Quick-witted 

Tense 
 

Relaxed 

Attentive 
 

Dreamy 

Incompetent 
 

Proficient 

Happy 
 

Sad 

Antagonistic 
 

Amicable 

Interested 
 

Bored 

Withdrawn 
 

Gregarious 
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Appendix 3 

Edinburgh Handedness Inventory (EHI) 

Oldfield (1971) 

 

Please indicate your preferences in the use of hands in the following activities by 

putting “+” in the appropriate column.  Where the preference is so strong that you would 

never try to use the other hand unless absolutely forces to, put “++”.  If any case you are 

really indifferent put + in both columns.  

Some of the activities require both hands.  In these cases the part of the task, or object, 

for which hand preference is wanted is indicated in brackets. 

Please try to answer all the questions, and only leave a blank if you have no experience 

at all of the object or task. 

 

 Left Right 

1. Writing   

2. Drawing   

3. Throwing   

4. Scissors   

5. Toothbrush   

6. Knife (without fork)   

7. Spoon   

8. Broom (upper hand)   

9. Striking Match (match)   

10. Opening box (lid)   

 

L.Q.                                        Leave the spaces blank                              DECLE 

 

 

Oldfield, R. C. (1971) ‘The Assessment and Analysis of Handedness: The Edinburgh 

Inventory’. Neuropsychologia 9 (1), 97-113
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Appendix 4 

ANTI-V Instructions 

Adapted Version of the ANTI-V (Roca et al. 2011) 

 

The following task has been designed to test your attention skills and reaction times. 

You will be presented with a series of images on the screen. A cross will appear in the 

centre of the screen. You should keep your eyes fixed on that point. 

 

 
 

A row of 5 arrows will briefly appear, either above or below the cross in the centre of 

the screen. When they appear, your task is to decide whether the arrow in the centre of 

the row is pointing to the left or to the right, and to respond as quickly as you can. If 

the centre arrow is pointing left, press the left button. If the centre arrow is pointing 

right, press the right button. 

 

  
            Answer: Press LEFT                    Answer: Press LEFT 

 

Sometimes the centre arrow will be pointing in an opposite direction to the other arrows 

in the row. Remember that your answer should be determined by the direction the 

centre arrow is pointing. 

 

             SAME DIRECTION       OPPOSITE DIRECTION 

  
            Answer: Press RIGHT            Answer: Press RIGHT 
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Sometimes the centre arrow will be nearer the left or right side of the row. When that 

happens you should press the round centre button on your control pad, rather than 

answering which direction the arrow is pointing. You will not see many centre arrows 

like this, but it is highly important that you try to spot them. 

 

  
          Answer: Press CENTRE          Answer: Press CENTRE 

 

Source: Roca, J., Castro, C., López-Ramón, M. F., and Lupiáñez, J. (2011) ‘Measuring 

Vigilance While Assessing the Functioning of the Three Attentional Networks: The 

ANTI-Vigilance Task’. Journal of Neuroscience Methods 198 (2), 312-324
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Appendix 5 

Post-Task Survey 

 

 

Affective States   

Higgins, Shah, and Friedman (1997) 

 

How do you feel right now? 

(1) Very bad / (9) Very good 

 

How happy do you feel right now?  

How worried do you feel right now?  

How content do you feel right now?  

How relaxed do you feel right now?  

How nervous do you feel right now?  

How sad do you feel right now?  

How disappointed do you feel right now?  

How joyful do you feel right now?  

How calm do you feel right now?  

How tense do you feel right now?  

How depressed do you feel right now?  

How relieved do you feel right now?  

(1) Not at all / (9) Extremely 

 
 

Perceived Task Performance 

How well do you think you performed on the task? 

(1) Very poorly / (9) Very well 

 

Perceived Task Enjoyment 

How much do you think you enjoyed the task? 

(1) Not at all / (9) Very much 

 

Perceived Task Effort 

How much effort did you put into this task? 

(1) Not at all / (9) Very much 

 

Perceived Task Difficulty 

How difficult was the task? 

Very easy / (9) Very difficult
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Appendix 6 

Maze Manipulations 

Adapted Version of the Cheese and Owl Maze Task 

(Friedman and Förster 2005b) 

Maze A (Student Version) 

 
 

Maze A (Researcher Version) 
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Maze B (Student Version) 

  
 

Maze B (Researcher Version) 

 



286 

 

 

 

Appendix 7 

Motivational Manipulations (1) 

Reflective Writing Task 

Mastery Approach 

Think about a time when you have surpassed your previous best at any task 

(e.g. your highest score on an assignment/exam or personal best in a sporting 

contest etc.) and write a short paragraph within 5 minutes explaining your thoughts 

and feelings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With these thoughts and feelings still in mind, now have a go at solving the maze 

so that you attempt to improve your previous time on a similar maze task. 
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Mastery Avoidance 

Think about a time when you did not do as well as you have done in the past 

(e.g. your lowest score on an assignment/exam or poor performance in a sporting 

contest etc.) and write a short paragraph within 5 minutes explaining your thoughts 

and feelings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With these thoughts and feelings still in mind, now have a go at solving the maze 

so that you avoid achieving a slower time than your previous attempt on a 

similar maze task. 
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Performance Approach 

Think about a time when you have outperformed other people (e.g. you have 

achieved a high score on an assignment/exam or performed well in a sporting 

contest relative to others etc.) and write a short paragraph within 5 minutes 

explaining your thoughts and feelings.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With these thoughts and feelings still in mind, now have a go at solving the maze 

so that you attempt to outperform the majority of the other students’ times on a 

similar maze task. 
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Performance Avoidance 

Think about a time when you have been outperformed by other people (e.g. you 

have achieved a low score on an assignment/exam or performed poorly in a 

sporting contest relative to others etc.) and write a short paragraph within 5 minutes 

explaining your thoughts and feelings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With these thoughts and feelings still in mind, now have a go at solving the maze 

so that you avoid being outperformed by the majority of the other students’ 

times on a similar maze task. 
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Control 

Think about what the term ‘neutral’ (neither positive nor negative) means to 

you and write a short paragraph within 5 minutes explaining your thoughts and 

feelings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With these thoughts and feelings still in mind, now have a go at solving a similar 

maze task. 
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Appendix 8 

Motivational Manipulations (2) 

Text Instructions 

Based on the 2x2 AGT (Elliot and McGregor 2001) 

 

Mastery Approach  

Your aim is to improve your own performance from your last go at the attention 

task. The task is challenging and you will need to put in effort to improve the speed 

and accuracy of your responses. You can do this by focusing and trying hard to 

respond quickly and accurately to the task. Focussing effort on improving your 

own performance will help you master the task and achieve your aim. 

 

Mastery Avoidance  

Your aim is to avoid your own performance getting worse from your last go at the 

attention task. The task is challenging and you will need to put in effort to avoid 

distractions and a drop in your performance. You can do this by focusing and trying 

hard to prevent slow and inaccurate responses to the task. Focussing effort on 

avoiding a drop in your own performance will help you master the task and 

achieve your aim. 

 

Performance Approach  

Your aim is to beat half (50%) of the other students on the attention task. The task 

is challenging and you will need to focus hard to outscore your competitors. As you 

perform the task the computer will calculate and compare everyone’s scores. Scores 

will be revealed at the end, in order of best to worst. You can achieve a high score 

and beat others by responding quickly and accurately to the task. Focussing on 

beating others will help you achieve you aim. 

 

Performance Avoidance 

Your aim is to avoid being beaten by half (50%) of the other students on the 

attention task. The task is challenging and you will need to focus hard to avoid being 

outscored by your competitors. As you perform the task the computer will calculate 

and compare everyone’s scores. Scores will be revealed at the end, in order of best 

to worst. You can avoid a low score and being beaten by others by responding 

quickly and accurately to the task. Focussing on not being beaten by others will 

help you achieve your aim. 

 

Control 

You will take part in an attention task. Please read all instructions before beginning. 
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Appendix 9 

Manipulation Check 

 Adapted from Elliot and McGregor (2001) 

 

 

Instructions: The following scale assesses what you considered to be the purpose of the 

experimental task. Please answer as truthfully and as honestly as possible.  

 

 

Please select the option that best represents your aim in the tasks just 

undertaken 

 
1. To improve your own speed and accuracy performance 

2. To avoid your own speed and accuracy performance getting worse 

3. To beat half (50%) of the other students 

4. To avoid being beaten by half (50%) of the other students 

5. None of these 
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Appendix 10 

 

 

Participant Information Sheet 

 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 

Participant # _______________  

 

Study Title: 

An Experimental Test of the Effects on Attention, Perceptual Asymmetry, and Affective 

Responses in University Students 

 

What is the purpose of the study? 

Your participation in this experiment will advance our understanding of the links between 

attention, motivation, brain, and emotion. The main aim is to examine various indices of 

achievement motivation on attention network performance, perceptual asymmetry, and a number 

of composite affective responses among university students. 

 

Why have I been chosen to participate? 

You have been selected as a student at Coventry University by registering your interests via the 

Coventry University SONA research participation website or by opportunity sampling. 

   

Do I have to take part? 

No. Participation is entirely voluntary and at your own discretion. If you change your mind, and 

no longer wish to take part in the study, you may terminate your participation at any point without 

any consequences. You may also withdraw in the two weeks following the experiment. This can 

be achieved by contacting the lead researcher (Ivaylo Krastev) on the email address below and 

providing your student ID number. In such a case, all your data will be destroyed and not used in 

the study. You will still receive 120 research credits in gratitude for your time. 
 

What will happen to me during the study? 

The experiment will take place in a research laboratory (CW144). You will be asked to fill in 

some short questionnaires and then perform a computerised version of the Attentional Network 

Test for Interactions and Vigilance (ANTI-V) that measures alertness, orientation, and executive 

control networks of attention. You will be then provided with a simple maze before repeating the 

ANTI-V. Finally, you will complete a short test of perceptual accuracy on the computer. The 

experiment will take approximately 1 hour to complete.  

 

What are the potential disadvantages of participation? 

There are minimal risks in the study. Completion of the attentional and perceptual accuracy tests 

requires visual concentration which may make you feel tired. Participants who suffer visual 

fatigue (e.g. Scotopic Sensitivity or Visual Stress) are excluded from the study. Please note that 
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there are no known overall ill effects of these tests on well-being. If, at any point, you feel tired 

whilst completing the tests, then you are free to withdraw and/or seek professional advice from 

the CU Counselling and Mental Health team on 024 7765 8029 or counsell.ss@coventry.ac.uk.  

 

What are the possible benefits of participation? 

As an undergraduate student, you will gain valuable insights into how experimental research is 

conducted and experience what is like to be a participant in a real study. This knowledge and 

practical experience may shape and inform how you choose to conduct your own final year 

project. All Level 1 and Level 2 BSc psychology students will earn 120 research credits which 

will further contribute to the collection of your 900 credits required to progress to Level 3. 

 

What if something goes wrong? 

It is highly unlikely that you will encounter any problems, but if the study has to be terminated 

for whatever reason, or if you no longer wish to continue, you will still receive full participation 
credits if you are a Level 1 or Level 2 Psychology BSc student. If you feel something is wrong 

and wish to withdraw from the study, do not hesitate to contact me (Ivaylo Krastev), my Director 

of Studies (Dr. Luke Sage), or Prof. Ian Marshall (Chairman of University Applied Research 

Committee) within two weeks of your participation via the email addresses stated below. I will 

do my best to provide maximum help for any issues that arise.  

 

Will my participation be kept confidential? 

Yes. Only the researchers involved in collecting and analysing the data will have access to your 

personal information. Consent forms will be stored separately from other study data obtained 

from you. Once your data has been transferred and entered into a (password protected) computer 

file, your scores will only be associated with a participant code. The participant code will be used 

for withdrawal of your data if, at any point, you wish to terminate your participation. Hard-copies 

of the data will be stored in a locked cabinet. Once the data is analysed, the raw data will be 

destroyed.   

 

What will happen to the results of the experiment? 

The results will be analysed and written up as part of my PhD thesis. The study may also be 

published in a peer-reviewed journal and/or presented at an academic conference by the lead 

researcher. Personal information will be kept confidential and never disclosed to anyone external 

of the research team. 

 

Who is organising and funding the research? 

The research is organised by Ivaylo Krastev under the direct supervision of Dr. Luke Sage 

(Director of Studies) and Dr. John Williams (supervisor) and it is not externally funded. 
 

Who has reviewed the study? 

This study has been independently reviewed and subsequently approved by the Coventry 

University HLS ethics review committee. 

 

Contact for further information:      

Researcher: Ivaylo Krastev             Supervisor: Dr. Luke Sage 

Email: krastevi@uni.coventry.ac.uk   Email: Luke.Sage@coventry.ac.uk 

 

Complaints: 

If you wish to make a complaint about any component of the research procedure that you were 

dissatisfied with, you may contact Prof. Ian Marshall (Chairman of Coventry University Applied 

Research Committee) on the following email address: Ian.Marshall@coventry.ac.uk.
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Appendix 11 

 

 

Participant Consent Form 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 

 

Please enter your Student ID: _______________         

 

 

 

An Experimental Test of the Effects on Attention, Perceptual Asymmetry, and Affective 

Responses in University Students 

 

I hereby confirm that I have read and understood the participant information sheet. I have 

had the opportunity to consider the information, ask questions about the study and have 

these answered satisfactory. As such, I provide my consent to participate in the above 

project conducted within the School of Psychology, Social and Behavioural Sciences, 

Faculty of Health and Life Sciences at Coventry University. I understand that the 

information that I provide in the study will remain confidential and be used for research 

purposes only. Finally, I am aware that my participation is voluntary and should I wish 

to withdraw from the study then I may do so, without penalty, by informing the lead 

researcher within two weeks of completion of the study.  

 

 

 

Signed: ________________________  Date: _____________________ 

(Participant)      (Participant) 

 

 

 

Signed: ________________________  Date: _____________________ 

(Researcher)      (Researcher)
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 Appendix 12 

 

 

Participant Background Form 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 

Please, provide your personal demographics, contact details, and additional health-related 

information. This information will be held in the strictest confidence and your identity 

will remain completely anonymous:  

 
 

Print Name: 
 

 

 

Age: 
 

 

 

Sex: 
 

 

 

Ethnicity: 
e.g., White British; British African; British 

Asian; Mixed; Other (please specify) 

 

 

Coventry University Email Address: 
 

 

 

Education: 
(e.g., undergraduate/postgraduate) 
 

 

 

Study Course: 
 

 

 

Do you have normal or corrected to 

normal vision and/or hearing? 
 

 

 

Do you have a history of mental illness? 
 

 

 

Do you have a history of epilepsy? 
 

 

 

Do you have a history of traumatic 

brain injury?  
 

 

 

Signed: ________________________  Date: _____________________ 

(Participant)      (Participant) 

 

Signed: ________________________  Date: _____________________ 

(Researcher)      (Researcher)
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Appendix 13 

Debrief Information 

 
 

Ivaylo Krastev, BSc (Hons), MBPsS 

School of Psychological, Social and Behavioural Sciences 

Faculty of Health and Life Sciences, Coventry University 

Priory Street, Coventry, CV1 5FB, JS265 

Email: krastevi@uni.coventry.ac.uk 

 

 

Project Title: An Experimental Test of the Effects on Attention, Perceptual Asymmetry, and 

Affective Responses in University Students  

Thank you for your participation in this study. Your time and efforts are much appreciated and central 

to furthering psychological understanding of motivation. The study investigated the effects of 

achievement motivation on functioning of the three attentional networks, perceptual asymmetry, and 

a number of composite affective responses. The arrow task that you have completed is a measure of 

attention and how well you can pick out the correct information from a lot of images being flashed at 

you over a series of tasks. Although we are examining attention, we are also analysing the effects of 

motivation on perceptual accuracy associated with hemispheric activation and levels of affective 

experience. All of you were randomly allocated to 5 different groups for performing the tasks. Each 

group received slightly different motivational instructions to the others, to examine the effects of these 

instructions on people’s attention skills as well as relative hemispheric activation and affect. 

There were 2 main types of motivational instructions given prior to completing the tasks: either 

mastery or performance, and these were split into further groups: approach or avoidance. In the 

mastery groups, we asked participants to focus on improving their own performance. In the 

performance groups, the emphasis was on beating others’ scores. In the approach groups, participants 

were told to focus on continuing to improve or beat others. In the avoidance groups, participants were 

either told to focus on avoiding a decline in their own performance, or avoiding doing worse than 

others in the tasks. The control group received no motivational instructions. We could not tell you 

about this at the start as it would have influenced your task performance. We hope to see if differences 

in your motivation, affect, expectation, competence, effort, and difficulty on the tasks, or any 

combination of these factors, has an effect on attention and perceptual asymmetry as measured by your 

reaction times and error rates on the tasks. Guess which group you were put in? 

Past research indicates that the effects of motivation on attention may be mediated by differential 

patterns of brain activation, with approach-related arousal cues leading to greater relative left, than 

right, brain activation during line bisection. The mastery and performance dimensions of approach 

motivation are more likely to improve attention, mood, and enjoyment of activities. Perceived 

competence and task difficulty may also affect motivation, so mastery/performance avoidance 

involved individuals withdraw from tasks when they perceive themselves performing poorly relative 

to others, or when the task becomes too challenging. To learn more about this study, we refer you to: 

Elliot, A. J. and McGregor, H. A. (2001) ‘A 2 x 2 Achievement Goal Framework’. Journal of 

Personality and Social Psychology 80 (3), 501-519 

Friedman, R. S. and Förster, J. (2005b). ‘The Influence of Approach and Avoidance Cues on 

Attentional Flexibility’. Motivation and Emotion 29 (2), 69-81 

Memmert, D. and Caňal-Bruland, R. (2009) ‘The Influence of Approach and Avoidance Behaviour 

on Visual Selective Attention’ Journal of General Psychology 136 (4), 374-386 

If you have any more questions or were dissatisfied with the way the research was conducted, please 

contact the lead investigator Ivaylo Krastev at krastevi@uni.coventry.ac.uk. Thanks for your help.



 

 

 

 

2
9
8

 

Appendix 14 

Motivation Manipulation Check 

Experiment 1 

 
 

Figure 3. Bar chart showing the number of participants in each group by their responses on the motivation manipulation check.
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Appendix 15 

 

 

Participant Information Sheet 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 
 

 

Participant # _______________       

 

Project Title: 

An Experimental Test of the Effects on Attention, Problem Solving, Frontal EEG Asymmetry, 

and Well-Being 

 

What is the purpose of the study? 

Your participation in this project will advance psychological understanding of the links between 

motivation, cognition, brain, and well-being. The purpose of this study is to investigate possible 

factors that influence attention, problem solving, frontal brain asymmetry, and well-being. 

 

Why have I been chosen to participate? 

You have been chosen as a student at Coventry University who has registered to participate in 

this study via the University research participation website or by opportunity sampling. 

 

Do I have to take part? 

No. Participation is entirely voluntary and at your own discretion. If you change your mind about 

participation, you can withdraw at any point during the experiment without any consequences. 

You can also withdraw at any time in the two weeks following the experiment. This can be 

achieved by contacting the principal investigator (Ivaylo Krastev) on the email address below and 

providing your student number. In such a case, all your data will be destroyed and will not be 

used in the study. You will still receive your 100 research credits.  

 

What will happen to me during the study? 

On arrival at the EEG lab (CWB25), you will be asked to fill in a battery of self-report 
questionnaires to establish correlations between key personality traits. Then you will complete 

two cognitive tests to assess your attentional performance and problem-solving skills. This will 

be followed by a baseline Electroencephalography (EEG) recording of your brain activity. An 

EEG detects and displays patterns of brain activity on a computer screen. You will be sat 

comfortably on a chair and asked to complete 8 one-min trials (4 eyes-open and 4 eyes-closed) 

of brain recording. In total, the experiment should take approximately 1 hour to complete.  

 

What are the potential disadvantages involved in the study? 

There are no anticipated risks to participating in the study. Cognitive testing and brain recording 

require some form of visual concentration which may cause fatigue. Please be aware that there 

are no known ill effects of cognitive testing and no reported studies have also revealed any 
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negative effects of EEG on brain tissue. However, if at any point you feel fatigue or discomfort 

during the experiment, you are free to withdraw and/or seek professional advice from the CU 

Counselling and Mental Health team on: +44 (0) 24 7765 8029 or counsell.ss@coventry.ac.uk.  

 

What are the benefits of taking part in the study? 

By taking part in this study you will gain valuable insights into how experimental research is 

conducted and experience what it is like to be a participant in such a study. This knowledge and 

experience may shape and inform how you choose to conduct your final year dissertation project. 

All Level 1 & Level 2 undergraduate psychology students will earn 100 research credits which 

will contribute to the collection of their 900 credits required to progress to Level 3. 

 

What if something goes wrong? 

It is very unlikely that you will face any problems, but if the experiment has to be terminated for 

whatever reason or if you no longer wish to continue, you will still receive full participation 
credits if you are a Level 1 or Level 2 undergraduate psychology student. If you feel something 

is wrong and wish to withdraw from the experiment, do not hesitate to contact me (Ivaylo 

Krastev), my supervisor (Dr. Luke Sage) or Prof. Ian Marshall (Chairman of Coventry University 

Ethics Review Committee) within two weeks of your participation via the email addresses stated 

below. I will do my best to provide maximum help for any issues that arise.  

 

Will my participation be kept confidential? 

Yes. Only the researchers involved in collecting and analysing the data will have access to your 

personal information. Consent forms will be stored separately from other study data obtained 

from you. Once your data has been transferred and input into a (password protected) computer 

file, your scores will only be associated with a participation number. Hard-copies of the data will 

be stored in a locked cabinet. Once the data is analysed, the raw data will be destroyed.   

 

What will happen to the results of the experiment? 

The results will be analysed and written up as part of a PhD thesis. The study may also be 

published in a peer-reviewed journal and/or presented at an academic conference by the primary 

researcher. Personal information will be kept confidential and never disclosed to anyone external 

of the research team. 

 

Who is organising and funding the research? 

The research is organised by Ivaylo Krastev and is supervised by Dr. Luke Sage (Director of 

Studies) and Dr. John Williams (supervisor). This research is not externally funded. 

 

Who has reviewed the study? 

This study is part of a larger PhD research project that has been independently reviewed and 

subsequently approved by the Coventry University HLS ethics review committee. 

 

Contact for further information: 

Researcher: Ivaylo Krastev                     Supervisor: Dr. Luke Sage 

Email: krastevi@uni.coventry.ac.uk                        Email: Luke.Sage@coventry.ac.uk 

 

Complaints: 

If you wish to make a complaint with respect to any part of the research procedure that you were 

dissatisfied with, you may contact Prof. Ian Marshall (Chairman of Coventry University Applied 

Research Committee) using the following email address: Ian.Marshall@coventry.ac.uk.
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Appendix 16 

 

 

Participant Consent Form 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 

 

Please enter your Student ID: _______________         

 

 

 

An Experimental Test of the Effects on Attention, Problem Solving, Frontal EEG 

Asymmetry, and Well-Being 

 

I hereby confirm that I have read and understood the participant information sheet. I have 

had the opportunity to consider the information, ask questions about the study and have 

these answered satisfactory. As such, I provide my consent to participate in the above 

project conducted within the School of Psychology, Social and Behavioural Sciences, 

Faculty of Health and Life Sciences at Coventry University. I understand that the 

information that I provide in the study will remain confidential and be used for research 

purposes only. Finally, I am aware that my participation is voluntary and should I wish 

to withdraw from the study then I may do so, without penalty, by informing the lead 

researcher within two weeks of completion of the study.  

 

 

 

Signed: ________________________  Date: _____________________ 

(Participant)      (Participant) 

 

 

 

Signed: ________________________  Date: _____________________ 

(Researcher)      (Researcher)
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Appendix 17 

 

 

Participant Background Form 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 

Please, provide your personal demographics, contact details, and additional health-related 

information. This information will be held in the strictest confidence and your identity 

will remain completely anonymous:  

 
 

Print Name: 
 

 

 

Age: 
 

 

 

Sex: 
 

 

 

Ethnicity: 
e.g., White British; British African; British 

Asian; Mixed; Other (please specify) 

 

 

Coventry University Email Address: 
 

 

 

Education: 
(e.g., undergraduate/postgraduate) 
 

 

 

Study Course: 
 

 

 

Do you have normal or corrected to 

normal vision and/or hearing? 
 

 

 

Do you have a history of mental illness? 
 

 

 

Do you have a history of epilepsy? 
 

 

 

Do you have a history of traumatic 

brain injury?  
 

 

 

Signed: ________________________  Date: _____________________ 

(Participant)      (Participant) 

 

Signed: ________________________  Date: _____________________ 

(Researcher)      (Researcher)
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Appendix 18 

Debrief Information 
 

 
Ivaylo Krastev, BSc (Hons), MBPsS 

School of Psychological, Social and Behavioural Sciences 

Faculty of Health and Life Sciences, Coventry University 

Priory Street, Coventry, CV1 5FB, JS265 

Email: krastevi@uni.coventry.ac.uk 

 

 

Project Title: An Experimental Test of the Effects on Attention, Problem Solving, Frontal EEG 

Asymmetry, and Well-Being 

Thank you for your participation in this study. Your time and efforts are highly appreciated and 

integral to forwarding psychological understanding of motivation. The study examined the effects of 

achievement motivation on efficacy of the three attentional networks, prefrontal brain asymmetry, and 

hedonic (subjective or affective) and eudaimonic (psychological) well-being. The arrow task that you 

have completed is a measure of attention and how well you can pick out the correct information from 

a lot of images being flashed at you over a series of tasks. We are also analysing the effects of 

achievement motivation on your ability to problem solve as measured by your number of moves and 

solution speed on the Tower of Hanoi puzzle. We are also interested in understanding the effects of 

achievement motivation on frontal brain asymmetry as well as hedonic and eudaimonic well-being. 

All of you were randomly allocated to 4 different groups for performing the tasks. Each group received 

slightly different motivational instructions to the others, to investigate the effects of these instructions 

on people’s attention, problem solving, frontal brain asymmetry, and well-being. 

There were 2 main types of motivational instructions given prior to completing the tasks: either 

mastery or performance, and these were split into further groups: approach or avoidance. In the 

mastery groups, we asked participants to focus on improving their own performance. In the 

performance groups, the emphasis was on beating others’ scores. In the approach groups, participants 

were told to focus on continuing to improve or beat others. In the avoidance groups, participants were 

either told to focus on avoiding a decline in their own performance, or avoiding doing worse than 

others in the tasks. We could not tell you about this at the start as it would have influenced your task 

performance and brain recording. Guess which group you were put in? 

This experiment was designed to replicate our earlier findings of improved attentional networks in the 

mastery and performance conditions of approach motivation. Previous research suggests that 

achievement motivation can also influence performance on a problem-solving task. In addition to our 

earlier findings of perceptual asymmetry in judgment of line bisection, this experiment used a 

neurophysiological EEG technique to measure differences in prefrontal activation asymmetry. We 

expect that the two approach goal conditions will exhibit more left, than right, prefrontal activation 

and will also report higher levels of positive affect and psychological well-being compared to the two 

avoidance goal conditions. To learn more about this study, we refer you to the following papers: 

Davidson, R. J. (1995) ‘Cerebral Asymmetry, Emotion, and Affective Style’. in Brain Asymmetry. 

ed. by Davidson, R. J. and Hugdahl, K. Cambridge: MIT Press, 361-387 

Elliot, A. J. and McGregor, H. A. (2001) ‘A 2 x 2 Achievement Goal Framework’. Journal of 

Personality and Social Psychology 80 (3), 501-519 

Friedman, R. S. and Förster, J. (2005b) ‘The Influence of Approach and Avoidance Cues on 

Attentional Flexibility’. Motivation and Emotion 29 (2), 69-81 

If you have any more questions or were dissatisfied with the way the research was conducted, please 

contact the lead investigator Ivaylo Krastev at krastevi@uni.coventry.ac.uk. Thanks for your help.
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Appendix 19 

Motivation Manipulation Check 

Experiment 2 

 

 
 

Figure 8. Bar chart showing the number of participants in each group by their responses on the motivation manipulation check.
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CHAPTER 5 

Appendix 1 

The Affective Norms for English Words (ANEW) 

 Bradley and Lang (1999) 

 

Table 2 and Table 3 present the means (and standard deviations) for valence, arousal, 

dominance ratings, and word frequency for each word in the lists, rated in the ANEW 

and averaged across all subjects. The final column lists the word frequency, taken from 

Kucera and Francis (1967) norms, and is the number of times the word appeared in the 

database that Kucera and Francis used. A higher number means a more frequent word. 

  

Table 2 

Word List 1 
 

Description Word No. 
Valence 

Mean (SD) 

Arousal 

Mean (SD) 

Dominance 

Mean (SD) 

Word 

Frequency 

Positive Words      

Excitement 152 7.50 (2.20) 7.67 (1.91) 6.18 (2.17) 32 

Love 263 8.72 (0.70) 6.44 (3.35) 7.11 (2.56) 232 

Triumph 451 7.80 (1.83) 5.78 (2.60) 6.98 (2.20) 22 

Joyful 241 8.22 (1.22) 5.98 (2.54) 6.60 (1.80) 1 

Freedom 173 7.58 (2.04) 5.52 (2.72) 6.76 (2.29) 128 

Happy 200 8.21 (1.82) 6.49 (2.77) 6.63 (2.43) 98 

Victory 475 8.32 (1.16) 6.63 (2.84) 7.26 (2.14) 61 

Miracle 279 8.60 (0.71) 7.65 (1.67) 5.35 (2.58) 16 

Kiss 248 8.26 (1.54) 7.32 (2.03) 6.93 (2.28) 17 

Success 417 8.29 (0.93) 6.11 (2.65) 6.89 (2.40) 93 

Beauty 35 7.82 (1.16) 4.95 (2.57) 5.53 (2.10) 71 

Affection 7 8.39 (0.86) 6.21 (2.75) 6.08 (2.22) 18 

Negative Words      

Disaster 121 1.73 (1.13) 6.33 (2.70) 3.52 (2.42) 26 

Hatred 202 1.98 (1.92) 6.66 (2.56) 4.30 (2.76) 20 

Panic 601 3.12 (1.84) 7.02 (2.02) 3.20 (1.67) 22 

Fear 592 2.76 (2.12) 6.96 (2.17) 3.22 (2.20) 127 

Anger 17 2.34 (1.32) 7.63 (1.91) 5.50 (2.82) 48 

Torture 445 1.56 (0.79) 6.10 (2.77) 3.33 (2.37) 3 

Danger 713 2.95 (2.22) 7.32 (2.07) 3.59 (2.31) 70 

Cruel 92 1.97 (1.67) 5.68 (2.65) 4.24 (2.84) 15 

Failure 156 1.70 (1.07) 4.95 (2.81) 2.40 (2.18) 89 

Betrayal 37 1.68 (1.02) 7.24 (2.06) 4.92 (2.97) 4 

Death 100 1.61 (1.40) 4.59 (3.07) 3.47 (2.50) 277 

Punishment 335 2.22 (1.41) 5.93 (2.40) 3.50 (2.43) 21 

Neutral Words      

Context 84 5.20 (1.38) 4.22 (2.24) 5.17 (1.39) 2 

Sphere 991 5.33 (0.87) 3.88 (1.99) 5.00 (0.92) 22 

Street 412 5.22 (0.72) 3.39 (1.87) 4.81 (1.21) 244 

Circle 687 5.67 (1.26) 3.86 (2.13) 5.03 (1.46) 60 

Elevator 738 5.44 (1.18) 4.16 (1.99) 4.32 (1.69) 12 

Journal 828 5.14 (1.49) 4.05 (1.96) 5.26 (1.42) 42 
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Material 868 5.26 (1.29) 4.05 (2.34) 5.12 (1.45) 174 

Privacy 330 5.88 (1.50) 4.12 (1.83) 5.66 (1.78) 12 

Plain 941 4.39 (1.46) 3.52 (2.05) 4.71 (1.68) 48 

Appliance 641 5.10 (1.21) 4.05 (2.06) 5.05 (1.34) 5 

Avenue 646 5.50 (1.37) 4.12 (2.01) 5.40 (1.53) 46 

Curtains 710 4.83 (0.83) 3.67 (1.83) 5.05 (1.56) 8 

 

Table 3 

Word List 2 
 

Description Word No. 
Valence 

Mean (SD) 

Arousal 

Mean (SD) 

Dominance 

Mean (SD) 

Word 

Frequency 

Positive Words      

Achievement 3 7.89 (1.38) 5.53 (2.81) 6.56 (2.35) 65 

Miracle 279 8.60 (0.71) 7.65 (1.67) 5.35 (2.58) 16 

Party 305 7.86 (1.83) 6.69 (2.84) 5.83 (2.46) 216 

Joke 826 8.10 (1.36) 6.74 (1.84) 6.15 (1.86) 22 

Birthday 39 7.84 (1.92) 6.68 (2.11) 5.89 (2.61) 18 

Romantic 364 8.32 (1.00) 7.59 (2.07) 6.08 (2.29) 32 

Holiday 791 7.55 (2.14) 6.59 (2.73) 6.30 (2.17) 17 

Christmas 686 7.80 (1.55) 6.27 (2.56) 5.37 (2.09) 27 

Thrill 438 8.05 (1.48) 8.02 (1.65) 6.54 (2.30) 5 

Beach 34 8.03 (1.59) 5.53 (3.07) 5.44 (2.52) 61 

Passion 306 8.03 (1.27) 7.26 (2.57) 6.13 (2.24) 28 

Sex 384 8.05 (1.53) 7.36 (1.91) 5.75 (2.25) 84 

Negative Words      

Prison 329 2.05 (1.34) 5.70 (2.56) 4.20 (2.58) 42 

Demon 106 2.11 (1.56) 6.76 (2.68) 4.89 (2.89) 9 

Murderer 289 1.53 (0.96) 7.47 (2.18) 3.77 (3.06) 19 

Assault 27 2.03 (1.55) 7.51 (2.28) 3.94 (3.10) 15 

Suicide 419 1.25 (0.69) 5.73 (3.14) 3.58 (3.02) 17 

Rejection 349 1.50 (1.09) 6.37 (2.56) 2.72 (2.58) 33 

Grief 195 1.69 (1.04) 4.78 (2.84) 3.50 (2.35) 10 

Slaughter 397 1.64 (1.18) 6.77 (2.42) 3.82 (2.75) 10 

Distressed 127 1.94 (1.10) 6.40 (2.38) 3.76 (2.41) 4 

Victim 618 2.18 (1.48) 6.06 (2.32) 2.69 (2.04) 27 

Funeral 178 1.39 (0.87) 4.94 (3.21) 2.97 (2.55) 33 

Cancer 60 1.50 (0.85) 6.42 (2.83) 3.42 (2.99) 25 

Neutral Words      
Chair 66 5.08 (0.98) 3.15 (1.77) 4.56 (1.60) 66 

Writer 1036 5.52 (1.90) 4.33 (2.45) 4.73 (1.84) 73 

Elbow 737 5.12 (0.92) 3.81 (2.14) 4.88 (1.52) 10 

Poster 942 5.34 (1.75) 3.93 (2.56) 4.91 (1.87) 4 

Metal 874 4.95 (1.17) 3.79 (1.96) 5.38 (1.40) 61 

Thermometer 1012 4.73 (1.05) 3.79 (2.02) 4.39 (1.51) 0 

Item 825 5.26 (0.86) 3.24 (2.08) 5.26 (1.67) 54 

Corridor 701 4.88 (1.14) 3.63 (2.41) 5.00 (1.48) 17 

Barrel 651 5.05 (1.46) 3.36 (2.28) 4.89 (1.57) 24 

Inhabitant 813 5.05 (1.34) 3.95 (1.97) 5.37 (1.43) 0 

Patent 307 5.29 (1.08) 3.50 (1.84) 4.90 (1.79) 35 

Finger 752 5.29 (1.42) 3.78 (2.42) 5.05 (1.70) 40 
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Appendix 2 

Motivational Manipulation 

Based on the 2x2 AGT (Elliot and McGregor 2001) 

 

Mastery Approach 

Your aim is to improve your own performance from your last go at the memory 

recall task. 

The second task is challenging and you will need to put in effort to improve your 

memory performance. You can do this by focusing and trying hard to remember as 

many words as you can. Focussing effort on improving your own performance 

will help you master the task and achieve your aim. 

 

Mastery Avoidance 

Your aim is to avoid your own performance getting worse from your last go at the 

memory recall task. 

The second task is challenging and you will need to put in effort to avoid 

distractions and a drop in your memory performance. You can do this by focussing 

and trying hard to prevent poor recall of words. Focusing effort on avoiding a drop 

in your own performance will help you master the task and achieve your aim. 

 

 Performance Approach 

Your aim is to beat half (50%) of the other students on the memory recall task. 

The second task is challenging and you will need to focus hard to outscore your 

competitors. Your final score will be calculated and compared against everyone’s 

scores. Scores will be revealed at the end, in order of best to worst. You can achieve 

a high score and beat others by focusing and trying hard to remember as many 

words as you can. Focussing on beating others will help you achieve your aim. 

 

 Performance Avoidance 

Your aim is to avoid being beaten by half (50%) of the other students on the 

memory recall task. 

The second task is challenging and you will need to focus hard to avoid being 

outscored your competitors. Your final score will be calculated and compared 

against everyone’s scores. Scores will be revealed at the end, in order of best to 

worst. You can avoid a low score and being beaten by others by focusing and trying 

hard to prevent poor recall of words. Focussing on not being beaten by others will 

help you achieve your aim. 

 

Control 

You will take part in an attention task. Please read all instructions before beginning. 
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Appendix 3 

 

 

Participant Information Sheet 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 

Participant # _______________        
 

Project Title: 

An Experimental EEG Study of the Effects on Memory and Emotion 

 

What is the purpose of the study? 

The purpose of the study is to examine whether emotional words tend to be remembered better 

than non-emotional words depending on the motivational climate. Your participation in this 

project will also advance neuroscientific understanding of the event-related potential (ERP) 

correlates of emotional word processing.  

 

Why have I been chosen to participate? 

You have been chosen as a student at Coventry University who has volunteered to participate in 

this study by registering your interest via the CU SONA research participation website or by 

opportunity sampling. 

   

Do I have to take part? 

No. Participation is entirely voluntary and at your own discretion. If you change your mind and 

no longer wish to take part in the study, you can withdraw at any point during the experiment 

without any consequences. You can also withdraw from the project at any time in the two weeks 

following the experiment. This can be achieved by contacting the primary researcher (Ivaylo 

Krastev) on the email address below and providing your participant information number (student 

ID). In such a case, all your data will be destroyed and will not be used in the study. You will still 

receive your 100 research credits.  

 

What will happen to me during the study? 

Upon arrival at the laboratory (CWB25), you will be sat comfortably on a chair and asked to 

remember a set of words presented on a computer screen while your brain activity is being 

recorded using an electroencephalogram (EEG). The EEG is an instrument that detects and 

records electrical patterns of brain activity. The experiment will be completed twice, before and 

after the presentation of a target, and will take approximately 60 minutes to complete.  

 

What are the potential disadvantages involved in the study?  

The risks of taking part in this study are minimal. There are no known ill effects of EEG and no 

reported studies have found any negative effects of EEG on brain tissue. However, the memory 
task requires visual concentration and mental effort which may cause fatigue. If at any point you 
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feel fatigue or discomfort, you are free to withdraw and/or seek professional advice from the CU 

Counselling and Mental Health team on: +44 (0) 24 7765 8029 or counsell.ss@coventry.ac.uk.  

 

What are the benefits of taking part in the study? 

As an undergraduate student, you will gain valuable insights into how experimental research is 

conducted and experience what is like to be a participant in such a study. This knowledge and 

practical experience may shape and inform how you choose to conduct your own final year 

dissertation project. Further, all Level 1 and Level 2 undergraduate psychology students will have 

the opportunity to earn 100 research participation credits which will further contribute to the 

collection of their 900 credits required to progress to Level 3. 

 

What if something goes wrong? 

It is highly unlikely that you will encounter any problems, but if the experiment has to be 

terminated for whatever reason or if you no longer wish to continue, you will still receive full 
participation credits if you are a Level 1 or Level 2 undergraduate psychology student. If you feel 

something is wrong and wish to withdraw from the experiment, do not hesitate to contact me 

(Ivaylo Krastev), my supervisor (Dr. Luke Sage) or Prof. Ian Marshall (Chairman of CU Ethics 

Review Committee) within two weeks of your participation via the email addresses stated below. 

I will do my best to provide maximum help for any issues that arise.  

 

Will my participation be kept confidential? 

Yes. Only the researchers involved in collecting and analysing the data will have access to your 

personal information. Consent forms will be stored separately from other study data obtained 

from you. Once your data has been transferred and entered into a (password protected) computer 

file, your scores will only be associated with a participant number. Hard-copies of the data will 

be stored in a locked cabinet. Once the data is analysed, the raw data will be destroyed.   

 

What will happen to the results of the experiment? 

The results will be analysed and written up as part of a PhD thesis. The study may also be 

published in a peer-reviewed journal and/or presented at an academic conference by the primary 

researcher. Personal information will be kept confidential and never disclosed to anyone external 

of the research team. 

 

Who is organising and funding the research? 

The research is organised by Ivaylo Krastev and is supervised by Dr. Luke Sage (Director of 

Studies) and Dr. John Williams (supervisor). This research is not externally funded. 

 

Who has reviewed the study? 

The study is part of a larger PhD research project that has been independently reviewed and 

subsequently approved by the Coventry University HLS ethics review committee. 

 

Contact for further information: 

Researcher: Ivaylo Krastev             Supervisor: Dr. Luke Sage 

Email: krastevi@uni.coventry.ac.uk   Email: Luke.Sage@coventry.ac.uk 

 

Complaints: 

If you wish to make a complaint with respect to any component of the research procedure that 

you were dissatisfied with, you may contact Prof. Ian Marshall (Chairman of CU Ethics Review 

Committee) using the following email: Ian.Marshall@coventry.ac.uk.
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Appendix 4 

 

 

Participant Consent Form 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 

 

Please enter your Student ID: _______________        

 

 

 

An Experimental EEG Study of the Effects on Memory and Emotion  

 

I hereby confirm that I have read and understood the participant information sheet. I have 

had the opportunity to consider the information, ask questions about the study and have 

these answered satisfactory. As such, I provide my consent to participate in the above 

project conducted within the School of Psychology, Social and Behavioural Sciences, 

Faculty of Health and Life Sciences at Coventry University. I understand that the 

information that I provide in the study will remain confidential and be used for research 

purposes only. Finally, I am aware that my participation is voluntary and should I wish 

to withdraw from the study then I may do so, without penalty, by informing the lead 

researcher within two weeks of completion of the study.  

 

 

 

Signed: ________________________  Date: _____________________ 

(Participant)      (Participant) 

 

 

 

Signed: ________________________  Date: _____________________ 

(Researcher)      (Researcher) 
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Appendix 5 

 

 

Participant Background Form 
 

 

 

 

 

 

School of Psychological, Social and Behavioural Sciences 

 

 

Please, provide your personal demographics, contact details, and additional health-related 

information. This information will be held in the strictest confidence and your identity 

will remain completely anonymous:  

 
 

Print Name: 
 

 

 

Age: 
 

 

 

Sex: 
 

 

 

Ethnicity: 
e.g., White British; British African; British 

Asian; Mixed; Other (please specify) 

 

 

Coventry University Email Address: 
 

 

 

Education: 
(e.g., undergraduate/postgraduate) 
 

 

 

Study Course: 
 

 

 

Do you have normal or corrected to 

normal vision and/or hearing? 
 

 

 

Do you have a history of mental illness? 
 

 

 

Do you have a history of epilepsy? 
 

 

 

Do you have a history of traumatic 

brain injury? 
 

 

 

Signed: ________________________  Date: _____________________ 

(Participant)      (Participant) 

 

Signed: ________________________  Date: _____________________ 

(Researcher)      (Researcher)
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Appendix 6 

Manipulation Checks 

 

 

Motivation Check 

 

Respond to the items below using the following scale… 

 

Strongly Agree          Agree            Neutral            Disagree           Strongly Disagree 

 1    2   3    4            5 

  

 

In the task just completed...         

1. The focus was on improving at the task 

2. Winning was emphasised 

3. Trying hard to improve was important 

4. Doing better than other students was important 

5. The goal was to get better at the task  

6. An emphasis was made on putting in effort  

 

 

Competence Check 

 

1. I felt I was good at the task set. 

2. I felt I was bad at the task set. 
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Appendix 7 

Debrief Information 

 
 
Ivaylo Krastev, BSc (Hons), MBPsS 

School of Psychological, Social and Behavioural Sciences 

Faculty of Health and Life Sciences, Coventry University 

Priory Street, Coventry, CV1 5FB, JS265 

Email: krastevi@uni.coventry.ac.uk 

 

 

Title: The Effect of Achievement Motivation on Free Recall: ERP Evidence for Emotional Word 

Processing  

Thank you for your participation. Your time and efforts are integral to forwarding our scientific 

understanding of the links between achievement motivation and memory and the neural correlates of 

emotional processing. The aim of the study was to 1) provide an insight into the influential role of 

achievement goals in free recall of positive, negative, and neutral words, and 2) examine the event-

related potentials (ERPs) of emotional word processing.   

There were 2 main types of motivational instructions given prior to completing the second memory 

recall task: either mastery or performance, and these were split into further groups called approach 

or avoidance. In the mastery groups, we asked participants to focus on improving their own personal 

performance. In the performance groups, the emphasis was on beating others’ scores. In the approach 

groups, participants were told to focus on continuing to improve or beat others. In the avoidance 

groups, participants were either told to focus on avoiding a decline in their own personal performance, 

or avoiding doing worse than others in the tasks. The experiment also included a control group in 

which participants were not given any specific goal instruction. Can you guess which group you were 

put in? 

The valence theory of emotion processing posits that the left frontal cortex is specialised for processing 

positive emotions and the right frontal cortex is specialised for processing negative emotions (e.g., 

Sutton and Davidson 2000). The valence theory was largely subsumed by the approach-withdrawal 

model, which postulates that the left and right frontal brain regions are involved in processing 

approach-related and withdrawal-related emotions and behaviours, respectively (e.g., Davidson 1995). 

ERP studies have identified components and regions associated with the general processing of 

emotional information (e.g., Dolcos and Denkova 2008). Based on the 2 x 2 achievement goal 

framework (Elliot and McGregor 2001), this is the first step to understanding the effects of 

achievement goals on free memory recall and their related neural mechanisms that underlie emotional 

word processing. To learn more about this study, we recommend the works of:  

Davidson, R. J. (1995) ‘Cerebral Asymmetry, Emotion, and Affective Style’. in Brain Asymmetry. 

ed. by Davidson, R. J. and Hugdahl, K. Cambridge: MIT Press, 361-388  

Dolcos, F. and Denkova, E. (2008) ‘Neural Correlates of Encoding Emotional Memories: A Review 

of Functional Neuroimaging Evidence’. Cell Science Reviews 5 (2), 78-122 

Elliot, A. J. and McGregor, H. A. (2001) ‘A 2 x 2 Achievement Goal Framework’. Journal of 

Personality and Social Psychology 80 (3), 501-519 

Sutton, S. K. and Davidson, R. J. (2000) ‘Prefrontal Brain Electrical Asymmetry Predicts the 

Evaluation of Affective Stimuli’. Neuropsychologia 38 (13), 1723-1733 

If you have any more questions or were dissatisfied with the way the research was conducted, please 

contact the lead investigator Ivaylo Krastev at krastevi@uni.coventry.ac.uk. Thanks for your help.
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Appendix 8 

Grand Average ERPs Across 16 Electrode Sites 
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Figure 2. Grand average ERPs elicited by positive, negative, and neutral words. 

Note. Left (odd) and right (even) side electrodes are topographically located as viewed from above participants’ heads. For reasons of 

parsimony, midline (z) electrodes are presented non-topographically. Vertical scale represents voltage amplitude (in microvolts). 

Horizontal scale represents the time from stimulus onset (in milliseconds).
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CHAPTER 6 

Appendix 1: Lesson Plan Example for Secondary School Children 11-18 yrs. Please note this is a very 

general plan designed to highlight the principles that should be adapted to curriculum relevant subject matters and levels of student. 
 

Title: Approaches to Psychology 

     Part of a research project run by the School of 

     Psychological, Social and Behavioural Sciences 

 Time: 1 hour  

Materials: Computer, projector, colour pens, and paper. 

Objectives: To introduce students to some of the schools of thought, or approaches, to the study of 

Psychology and explanations for human thought, feeling and behaviour. 

Procedure: 

0-10 mins. In groups (3-7 pupils), invite students to draw and define four columns labelled ‘Actions’, 
‘Thoughts’, ‘Emotions’ and ‘Explanations’. Play short video clips of a range of human actions in a variety of 

contexts (e.g., at work, leisure, school etc. - include around 3-5 clips according to length). The video clips can 

be matched to student interests and class topics. Invite the students to make notes under each of the headings. 
Here are some examples of clips demonstrating: 

1) Perfection of learnt behaviour leading to collective celebration and joy... Click here 

2) Fear response leading to irrational thought and extreme excitement... Click here 

3) Deceptive magic to confuse and amaze audiences... Click here 

10-20 mins. The groups are then invited to collectively list their observations and interpretations. Follow the 

progress of each group and its individuals. Provide individual encouragement focusing on striving for self-

improvement to maintain confidence and effort. Support and instructional comment should also be presented 

to the whole class every 3-4 minutes (approx.) to direct attention to self-improvement, provide instruction on 

the task, and sustain collective confidence. 

20-40 mins. Discuss group findings highlighting examples of the variety of observed acts and explanations. 

Encourage and invite a variety of contributors, emphasising the value of each contribution. Present eminent 

approaches to studying human behaviour, i.e., the Biological, Social-Cognitive, Behaviourist, and Humanistic 

approaches (for summaries Click here). Also prompt discussion on contemporary interdisciplinary approaches. 

Ask the groups to revisit their listed explanations and align them with the different approaches. 

40-60 mins. Replay the video clips after reinforcing students’ deeper understanding of explaining human 

behaviour, thoughts and feelings. Invite the students to add to their previous lists using a different colour pen 

to distinguish from previous responses. Focus each group on how many more responses they recorded than in 

their first attempt. Draw attention to students’ further understanding of human functioning. Time permitting, 

initiate an open class discussion on how the various approaches to psychology differ and compare how 

scientists who adopt each approach may use a range of means and measures to provide the empirical evidence 

to support their perspectives and inform practice. If further challenges are requested and required by some 

groups they could be introduced to other psychological approaches (i.e., evolutionary, psychodynamic). 

Evaluation and assessment: Emphasise group and individual improvement on greater awareness of 

psychological approaches. Timely feedback and encouragement can direct attention to the skills of the task, 

maintain effort, promote self-reflection, provide confidence and enjoyment. 

Risks: Attention lapses, lack of understanding, avoidance strategies, no improvement, discussion dominated 

by instructor or one or two students, discipline, provision of genuine feedback, too much/little feedback, 

intergroup rivalry. 

Reflection on Session: Encourage students to reflect on their further awareness of psychological approaches 

leading to explanations of human functioning and informed practice. 

Optional Homework: Ask the students to research 3 to 5 eminent psychologists  

identifying their key contributions, methods, and main approaches / schools of thought. 
The project was funded by the Nuffield Foundation, although the views expressed are those of the authors and not necessarily the Foundation 

https://www.youtube.com/watch?v=i8RBl7NmL8g
https://www.youtube.com/watch?v=PAG_B0Qy_bU
https://www.youtube.com/watch?v=ydk0EnUbnjk
http://www.simplypsychology.org/perspective.html
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