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Abstract  

Art is one of lifeÕs great joys, whether beautiful, ugly, sublime or shocking. Whilst 

neuroimaging studies using visual art as stimuli have yielded a wealth of information 

regarding aesthetic appreciation and beauty, few have considered a wider range of 

emotions or the effect of expertise and context. In order to address this three studies were 

conducted. The first studied the time course of visual, cognitive and emotional processes 

in response to visual art by investigating the event-related potentials (ERPs) elicited whilst 

viewing and rating the visceral affect of art, in artists and non-artists. The second, 

behavioural, study questioned the ecological validity of using reproductions of art. 

Contextual differences in arousal, aesthetic response, viewing time and memory, were 

explored. The final study aimed to extend the findings of the first two. Continuous EEG 

was recorded to explore effects of expertise and context on phase synchrony bands 

during the contemplation of art in a gallery.  Behavioural measures and structured 

interviews were employed to examine the impact of contemplating art on subjective 

feelings, mood and memory. A number of negative environmental factors adversely 

affected collection and validity of the continuous EEG data, which was not considered 

further. 

There were three prominent findings. First, looking at art is interesting and rewarding, 

particularly for experts. It is not dependent on aesthetic preference, although expertise is 

important regarding the appreciation of abstract art. Second, the response to art is not 

isolated from the context in which it is experienced, whether the physical context of a 

gallery vs. laboratory, or original vs. reproduction. Finally, both the prospect of looking at 

art and contemplation of art, whether original or reproduced, increases calmness and 

contentedness and decreases alertness, irrespective of expertise. Interest and curiosity 

are the dominant factors eliciting positive mood and positive emotions. Looking at art is 

relaxing and is good for you. 
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 1 

Chapter 1:  Aesthetics, Affective Pictures and Emotion  

1.1 Introduction  

The study of visual aesthetics has been an important aspect in the understanding of the 

psychology of art and of aesthetic processing for over 150 years. Since the 1990Õs the 

relatively new discipline of neuroaesthetics, the combination of neuroscience and the 

study of cognitive and affective aesthetic responses to art, has been shedding light on the 

neural processes involved in aesthetic experiences and artistic and creative activities. 

This chapter will briefly consider what art is and what it is for, the aesthetic response and 

the development of neuroaesthetics. 

A  number of frameworks or models proposed in an attempt to understand aesthetic 

appreciation or aesthetic processing are reviewed. The models range from those based 

on visual neuroscience to a cognitive appraisal theory of aesthetic emotions. 

Electroencephalography (EEG) and event-related potential (ERP) research into affective 

pictures and emotion is then reviewed, to provide a background to the research focussed 

on understanding neural responses to art discussed in Chapter 2.  

 

1.2 Aesthetics, Neuroaesthetics and Art  

This section will explore what art is and how the psychological study of aesthetics has 

engaged cognitive neuroscientists in the search for understanding neural responses to 

art. Whilst early empirical work focussed almost entirely on aesthetics and beauty we will 

see that there has recently been a movement towards exploring a wider range of 

emotional responses to art, particularly modern art, whose aim is not necessarily to evoke 

emotions associated with beauty in the viewer. A range of models and frameworks of 

aesthetic processing will be reviewed, including those who propose an interdisciplinary 

approach. 
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1.2.1 What is art?   

Visual artefacts have been created by the human race for millions of years, yet whether 

these can be called Art, or even whether there is such a thing as Art, (Gombrich, 1953) 

continues to be debated. What is certain is that human beings have always created 

something that can be called Art, they have spent time making images, decorating their 

bodies, making music, singing and dancing. Yet, many philosophers and artists appear 

resigned to the impossibility of ever defining ÔartÕ (e.g., Dickie, 1974). Visual art is not 

simply a process of imitation, a recording of what is going on around us, a notion 

prevalent from Antiquity to the eighteenth century, from Aristotle to Vasari (1550) and to 

Kant (1790) and to the present day Scruton (2009).  

It is clear that many modern artworks do not imitate or represent anything. In fact art is 

more likely to be a reinterpretation of what is around us - the subject is more likely to be 

something that cannot be seen (Greer, 2011), something that expresses or stimulates 

emotions. In his guide to what art is for, Alain de Botton (2014) explains that art is a vital 

force for humanity, it has many purposes, from keeping us hopeful and joyous with its 

beauty, to making us less lonely with its images of humanity, suffering or loneliness, or 

rebalancing us, making us sad when we are happy, or happy when we are sad, it helps us 

to appreciate life and what really matters. ÔArtÕ and the ÔaestheticÕ are often used 

interchangeably; the appreciation of art can be seen as centring on aesthetic appreciation 

(Koopman, 2010). Visual aesthetics, widely accepted as the ability to recognise and 

assign beauty to certain forms, colours or movements, is a defining human trait developed 

over millions of years, and one which continues to fascinate philosophers (e.g., Scruton, 

2009). But aesthetic and art are by no means all embracing. All kinds of artefacts, the 

wonders of the natural world, design, our environment, are generally not classified as art, 

yet can be approached from an aesthetic point of view.  

 

1.2.2 Aesthetics and neuroaesthetics  

Since Plato and Aristotle philosophers have been interested in aesthetics and beauty, and 

whether there is some inherent quality of what is beautiful, what is aesthetically pleasing, 
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or, whether beauty is in the eye of the beholder. In 1750 Alexander Baumgarten defined 

aesthetics as, Ôthe art of thinking beautifullyÕ. Whilst it is accepted that the philosophy of 

aesthetics deals with the nature and expression of beauty, particularly in the fine arts, 

from a historical perspective aesthetics has been linked to the emotional response evoked 

by art. The psychological approach is to study psychological responses to beauty and 

artistic expression. 

Whilst the problem of trying to define art continues to confound, the nature of art has 

attracted the attention of cognitive neuroscientists. In 1999 Zeki proposed that any 

profound theory of aesthetics would be substantially based on the activity of the brain. 

Subsequent interest in the neural correlates of the perception of art and aesthetics is 

reflected in the quantity and variety of relatively recent publications exploring this area, 

and the range of imaging techniques employed, such as functional magnetic resonance 

(fMRI), magnetoencephalography (MEG) and electroencephalography (EEG). A growing 

interest in neuroaesthetics (the combination of neurological research with the study of the 

cognitive and affective processes involved in aesthetic experiences; Zeki, 1999, 2001, 

2002; Chatterjee, 2004a, 2011; Skov & Vartanian, 2009), psychological aesthetics 

(Maclagan, 2001), neuroarthistory (the neurological study of artists, living and dead; 

Onions, 2007), the relationship between art and visual neurobiology (Livingstone, 2002), 

and also artful minds and creativity (Turner, 2006) has spurred a range of studies 

exploring art and aesthetics.  

Neuroaesthetics is an emerging discipline within cognitive neuroscience that studies the 

neural processes that underlie the aesthetic response (Skov & Vartanian, 2009). It seeks 

to establish the biological and neurobiological foundations of aesthetic experience related 

not only to visual art, music, literature and film, but also natural objects and environments, 

from experimental, neuropsychological, evolutionary and neuroimaging perspectives. 

Such diversity, whilst encouraging, also means that it is difficult to form clear conclusions 

or hypotheses in this field. There appears to be a consensus that while neuroaesthetics is 

the study of responses in the brain to the perception and appreciation of beauty, harmony, 

and pleasure (Cela-Conde et al., 2004; Cupchik, Vartanian, Crawley & Mikulis, 2009; 

Leder, Belke, Oeberst & Augustin, 2004), and a secondary conceptual system involving 
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memory (Jacobsen, 2010), the study of the relation between cognitive and neural 

processes involved in aesthetic appreciation remains highly complex and intricate (Cela-

Conde et al., 2011).  

 

1.2.3 Models and frameworks of aesthetic processing  

When experiencing art neural systems concerned with visual perception, visual 

recognition, memory, emotion are involved, as well as other mechanisms related to seeing 

and reacting to objects. It is generally agreed that the principal purpose of a work of art is 

to elicit an emotional response in the viewer. In response to research into cognition and 

aesthetics and the development of neuroaesthetics a number of models and frameworks 

for aesthetic appreciation or aesthetic processing have recently been proposed. These 

range from those based on visual neuroscience (Chatterjee, 2004a), to an information 

processing model (Leder et al., 2004), to a unified theory aiming for a psychological model 

(Jacobsen, 2006) and a model considering primary mental functions (Shimamura, 2012; 

Chatterjee & Vartanian, 2014). Finally, an appraisal theory of emotion to understand the 

aesthetic experience is considered (Silvia, 2009). 

Chatterjee (2004a) offers a framework based on visual neuroscience from which to 

consider visual aesthetics. He proposes that visual aesthetics, like vision, has multiple 

components, which are processed both hierarchically and in parallel in different parts of 

the brain (Farah, 2000; Zeki, 1993)(see Figure 1). The visual attributes of art are 

processed like any other objects; early and intermediate vision extracts simple 

components, such as colour, luminance, shape, motion, location and composition 

(Livingston & Hubel, 1988). This engages fronto-parietal attentional circuits that continue 

to modulate processing within the ventral visual stream. This may contribute to a more 

vivid experience of the stimuli, both of its attributes, such as colour or form, as well as 

content, such as landscapes or faces. So, a feed forward mechanism is established, the 

features of the stimuli engage attention, and attention further enhances the processing of 

the stimuliÕs qualities. Any vividly experienced object, such as an emotional face, is 
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probably processed in this way, as well as aesthetic objects. It is the emotional response 

that distinguishes between aesthetic objects and others. 

 

 

 

 
 
 

 

 

Figure 1. A general framework for the neural underpinnings of visual aesthetics guided by visual 
neuroscience (based on Chatterjee, 2004a).  

 

 

Chatterjee (2004a) suggests that these early and intermediate processes are almost 

certainly universal, presumably ÔhardwiredÕ into the brain. However, the subsequent 

emotional response, essential to the aesthetic experience, involves wildly distributed 

circuits. Investigations of the neural bases of emotions has identified that the 

dopaminergic circuits including the ventral striatum and the nucleus accumbens appear to 

mediate the desire for rewards. He states that the long held belief is that the aesthetic 

experience involves disinterested interest, an aesthetic object can be liked without being 

wanted, but the neural mediation of such an experience is not yet known. He proposes 

that the later visual processes involved in aesthetic judgement recruit these areas 

associated with liking or wanting.  

Leder et al., (2004) were interested in the cognitive processing of art and how it produces 

affective, often positive and self-rewarding aesthetic experiences and proposed an 
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information-processing model of aesthetic processing that differentiates between aesthetic 

emotion and aesthetic judgement. The model involves five stages each concerned with 

different cognitive analyses: perception ! implicit memory! explicit classification ! 

cognitive mastering ! evaluation, with information flowing from one process to the next, 

see Figure 2 below. 

  

 

 

Figure 2. An information-processing model of aesthetic experience (adapted from Leder, Belke, 
Oeberst and Augustin (2004). 

!
 

They propose that exposure, to modern art in particular, provides a challenge to the 

perceiver that requires stages of processing to result in an aesthetic emotion. The fact that 

art has such a prominent position in human culture suggests that the cognitive experience 

is more than simply an interesting perceptual process. They also point out that the context 

in which an aesthetic experience takes place can influence the affective reaction (Leder, 

Carbon & Ripsas, 2006; Kirk, Skov, Christensen & Nygaard, 2009b). If art is perceived in 

a museum, gallery, or exhibition, or if it is labelled as art, then it is contextually perceived 

as a work of art, which encourages aesthetic processing.  

Leder et al., (2004) go on to explain that exposure to art presents the viewer with 

challenging situations requiring the viewer to successfully classify, understand and 

cognitively master the work, and that this is what constitutes the aesthetic experience. 
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These experiences are accompanied by continuously upgrading affective states that are 

appraised, resulting in an (aesthetic) emotion. Successful cognitive mastering of a work of 

art results in motivation to seek further exposure to art, which increases interest, and thus 

the acquisition of expertise. It is unlikely that the flow of information only moves from the 

bottom up, from posterior to anterior parts of the brain, it is more likely that information 

flows back and forth between the various mechanisms suggested by Leder et al.Õs (2004) 

model. Although Leder et al., (2004) describe the different components of the model from 

left to right, they also comment that the model does not depict a strict serial flow of 

information, but rather a relative hierarchy of processing stages, with processing 

potentially going back to previous stages. They also suggest that the stimuli are analyzed 

within each processing unit simultaneously. 

Skov (2009) comments that although probably true that all these stages will be engaged 

by any work of art, different works will differ in how they stimulate different parts of the 

system. There are so many different styles, so many variables in visual art; for instance 

portraits will involve face processing, landscapes may involve more visuospatial analysis, 

whilst abstract art may concentrate more on geometric shapes or colour, that the impact 

of the five stage model on individual art experience will vary. Skov (2009) further states 

that it remains to be seen exactly how perceptual analysis, memory, object recognition 

and prefrontal processes interact, functionally and temporally, during the mental 

representation of art. 

Present-day psychology of aesthetics is characterized by an assortment of empirical 

discoveries. Many factors influencing aesthetic experience have been identified, such as 

symmetry, complexity or simplicity, novelty or familiarity, proportion or composition, 

semantic content or mere exposure, as well as the viewersÕ emotional state and level of 

expertise (Jacobsen, 2006). As aesthetic experiences and behaviour are influenced by a 

complex network of stimulus-person and situation-related influences Jacobsen (2010) 

posits that aesthetic processing needs to be considered from multiple perspectives. Any 

attempt to understand the cognitive processing underlying human aesthetics needs to be 

approached from these multiple perspectives and at several different levels of analysis. 

He (Jacobsen, 2006) proposes a framework that adopts seven, not mutually exclusive, 
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vantage points, in an attempt to provide a unified theory of aesthetic processing, see 

Figure 3 below.  

 

 

 

Figure 3. An illustration of a framework for the Psychology of Aesthetics (adapted from Jacobsen, 
2006).  

 
 

Each vantage point can have different levels of analysis, covering a broad range of partly 

inter-related topics. The seven perspective pillars are: mind, body (these two are at the 

heart of neuroaesthetics), content, person, situation, diachronia and ipsichronia. 

Diachronia is the perspective that considers change over time; ipsichronia focuses on 

comparisons within a period of time, i.e. comparisons between cultures, sub-cultures or 

social systems. JacobsenÕs (2006) goal is a unified theory of the mental processing of 

aesthetics that describes the whole network of stimulus, personality and situation related 

factors, resulting in an inherently complex and finely tuned theoretical structure. 

Nevertheless, this model could apply to virtually any experience, aesthetic or not. 

It is clear that aesthetic science is moving towards a more multidisciplinary approach to 

the way that artworks are perceived, interpreted and felt. Shimamura (2012) proposes that 

the experience of the observer of an artwork is best understood by considering the ways 

in which an artwork influences three primary mental functions: sensation, knowledge and 

emotion. All three contribute to aesthetic experiences, and although one or two of these 



 9 

components may be emphasized, the fullest aesthetic experience is one that heightens all 

three components. Chatterjee and Vartanian (2014) expand on this with their aesthetic 

triad (Figure 4, below). Aesthetic experiences emerge from the interaction between 

sensory-motor, emotion-valuation, and meaning-knowledge circuitry. 

 

 
 

Figure 4. The aesthetic triad: neural systems contributing to emergent aesthetic experience, 
(Chatterjee and Vartanian 2014, Trends in Cognitive Science). 

 

The mechanisms by which these systems influence each other in aesthetic experiences 

likely mimic those in non-aesthetic experiences.  However, the context in which objects 

are encountered (e.g. as artworks) and appraisals that focus on objects (e.g. as artworks) 

distinguish aesthetic experiences from others.  This integrated view builds on the earlier 

sequential and distinct information processing models, which isolated and analyzed a 

different component of the aesthetic object (Chatterjee, 2004a; Leder at al., 2004). Whilst 

these distinct components proved useful for laying the foundations of neuroaesthetics by 

mapping various aspects of information-processing stages onto specific neural structures 

it is clear that an interaction between areas of research, such as neuroscience and 

emotion, provides exciting opportunities. However, despite the clarity of this model, it 

could arguably be applied to virtually any kind of experience. Substitute the word ÔSportÕ 

for ÔAestheticÕ, for example, and the model would apply to ÔSport ExperienceÕ. 

Unfortunately, this raises the spectre of the philosophy of aesthetics. What do we mean by 
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the aesthetic experience? Is it confined to art? Football, after all, is known as Ôthe beautiful 

gameÕ. 

Expanding on a cognitive appraisal theory of emotion Silvia (2009) considers emotions 

not normally considered in the study of aesthetic emotions in response to art: knowledge 

emotions (interest, confusion, surprise), hostile emotions (anger, disgust, contempt) and 

self-conscious emotions (pride, shame, embarrassment). He expresses surprise that 

modern research on experimental aesthetics continues to take inspiration from BerlyneÕs 

(1974) seminal ideas about how collative variables (stimulus factors such as complexity, 

novelty, uncertainty, conflict and ambiguity which are compared and contrasted) affect 

arousal, interest and preference. He proposes that the psychological study of emotion has 

much to offer the study of aesthetics, particularly the recognition that emotions are not 

merely states of high arousal. Appraisal theories of emotion centre on the assumption that 

it is the evaluation of events, not the events themselves that are the cause of emotional 

experience (Roseman & Smith, 2001, as cited in Silvia, 2005a). Silvia (2005a, 2005b, 

2009) and Silvia and Brown (2007) describe how the major theories of aesthetic emotions 

easily explain positive emotions but struggle to explain negative emotions, or to 

differentiate between neutral and negative feelings.  

There is some disagreement (Dissanayake, 2007) regarding whether feelings such as 

anger and pride, surprise and disgust, can be considered aesthetic feelings, but they are 

feelings that are experienced in response to art. Figure 5 depicts a two-dimensional 

appraisal space for the knowledge emotions, confusion surprise and interest.  
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Figure 5. A two-dimensional appraisal space for interest, confusion and surprise (adapted from 
Silvia, 2009). 

 

Sylvia (2009) argues that the knowledge emotions are made up of emotions associated 

with thinking and comprehending, with interest, confusion and surprise the most widely 

studied emotions in this family. Interest involves two appraisals: appraising stimuli as new, 

complex and unfamiliar, and as comprehensible. It is different to pleasure. Confusion is a 

metacognitive signal: it informs the viewer that they do not comprehend and thus more 

effort, withdrawal or avoidance is needed.  Confusion is a major emotion in people faced 

with artworks they do not understand, and fits within interestÕs appraisal space. Both 

confusion and interest involve appraising something as new and complex. Surprise has 

one core appraisal, appraising something as novel and unexpected. Its main function is to 

interrupt and orient people to something significant. Figure 5 (above) shows that 

appraising an event, stimulus or artwork as new predicts surprise that can lead to interest 

or confusion. Perhaps theories such as this should be included in future models and 

frameworks attempting to explain aesthetic processing. The judgement or appraisal of art 

involves more than experiencing beauty, or not, it involves a vast range of sometimes 

conflicting emotions. 
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1.2.4 Summary  

The models and frameworks discussed in this section provide a foundation for a multi-

disciplinary approach to the study of aesthetic pleasure. It is clear that whilst viewing and 

appreciating art can be based on visual neuroscience and emotional processes involved 

in liking or wanting (Chatterjee, 2004a) it is more than simply an interesting perceptual 

process. There are at least two types of aesthetic experience, aesthetic emotion and 

aesthetic judgement, and whilst both of these outputs are influenced by experience and 

knowledge (Leder et al., 2004), it must not be ignored that sensation also contributes 

(Shimamura, 2012). It is clear from these models that expertise produces an often positive 

and self-rewarding aesthetic experience. Exposure to art presents the viewer with 

perceptual and cognitive challenges, which when mastered results in the desire for more 

exposure to art and increased interest, resulting in an affective reaction (Leder et al., 

2004). The range of aesthetic feelings or pleasure is not limited to liking or preference, but 

may include emotions such as shame or embarrassment, disgust or fear, anger or 

confusion, particularly in response to modern and contemporary art. The context in which 

art is experienced also differentiates the aesthetic experience from perceptual 

experiences. Whilst early visual processing is hard-wired (Chatterjee, 2004a) contextual 

factors, such as the physical environment and the status of the objects perceived as 

ÔartworksÕ may influence the aesthetic experience. Thus, expertise and context both 

appear to be influential on the perceptual and affective responses to art, particularly 

modern art.  

 

1.3 EEG, ERPs and emotion  

In this section we briefly look at the background to electroencephalography (EEG), the 

technique and its uses in empirical research. Two separate methods of analysis are 

explored, continuous EEG and Event Related Potentials (ERPs). We then review ERP 

studies that have explored the emotional impact of affective pictures on neural responses, 

in order to identify key visual ERP components associated with emotional affect. 
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1.3.1 Electroencephalography (EEG)  

For more than half a century EEG has been by far the most widely used experimental 

technique to investigate the relationship between cognitive processes, such as 

perception, memory, attention, language and emotion, and brain activity (although fMRI is 

proving increasingly popular). In 1929 Hans Berger reported that placing an electrode on 

the scalp, amplifying the signal, and plotting the changes in voltage over time could 

measure the electrical activity of the human brain. However, it was not until 1935 that the 

electroencephalogram (EEG) was accepted as a real phenomenon rather than as some 

sort of artefact (Luck, 2005). Since this time EEG has proved to be useful in both clinical 

and experimental applications. Berger posited that brain activity changes in a consistent 

and recognizable way when the general status of the subject changes, as from relaxation 

to alertness.  Some years later the concept of Ôhuman brain wavesÕ was verified and 

regular oscillations around 10 to 12 Hz identified as the Ôalpha rhythmÕ (Adrian & 

Matthews, 1934, as cited by Teplan, 2002). 

Although EEG has low spatial resolution (it is excellent at recording current originating in 

the cortex rather the depth of the brain, particularly in the gyri of the brain rather than the 

sulci), it provides virtually no anatomical information, but it does have high temporal 

resolution (events in the brain can be recorded with millisecond accuracy), so is a 

valuable technique for evaluating brain activity underlying different brain functions. The 

physiological basis of the EEG signal originates during synaptic excitations of the 

dendrites of many pyramidal neurons in the cerebral cortex, rather than the axonal 

currents associated with the action potential. The basic requirements needed for an 

electrical signal to be detected are that large populations of neurons must be activated in 

synchrony, and they must be aligned in parallel orientation so that they summate to yield 

a dipolar field (a field with positive and negative charges between which current flows) 

rather than cancel out (Coles & Rugg, 1995). Neurons are arranged in this way in the 

outer cortical layers, which represents 75% of neurons in the cerebral cortex (Braitenburg, 

1977), but not necessarily in other areas of the brain, which can result in activity in these 

areas being invisible to the EEG. Between the electrode and the neuronal layers are the 

skin, skull and many other layers. To enable the weak electrical signals to be detected by 
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the electrodes massive amplification of the voltage is required (typically 1,000 to 100,000 

times).  

EEG has a number of other limitations, besides poor spatial resolution.  Artefacts, both 

biological, such as eye blinks, eye movement, jaw tension, increased alpha, or 

environmental, such as external noise or electrical noise in the environment, may 

contaminate the EEG, and can affect levels of impedance. This can be addressed initially 

by identifying and removing trials with artefacts, or by subtracting an estimate of the 

artefactual activity from the EEG (Luck, 2005). The time required to connect a participant 

to EEG can be much greater than that required for other psychophysiological 

assessments such as fMRI or MEG. The time requirement depends on the number of 

electrodes, the specific equipment used (e.g. electrodes attached directly to the head, or 

elastic headcap and pin type electrodes), and the experience of the researcher. Finally, 

the signal-to-noise ratio is poor.  To ensure that random noise is reduced a large number 

of trials must be recorded to enable the signal to be averaged. The signal is assumed to 

be unaffected by the averaging process, whereas the noise is assumed to be reduced 

(Luck, 2005). To allow for this relatively large numbers of participants are required, large 

numbers of trials and sophisticated data analysis are needed to ensure useful information. 

The greatest advantage of EEG is data capture speed. Complex patterns of neural activity 

occurring milliseconds after a stimulus has been administered can be recorded. But there 

are a number of other benefits. It is relatively inexpensive; the hardware costs are 

significantly lower than for MRI or MEG, and the cost of consumables is comparatively 

small. It is also flexible and mobile; it does not need a magnetically shielded room, or 

highly skilled operators. Operators who have had relatively little training and experience 

can use it both in the lab and outside. It is relatively tolerant of subject movement, 

compared to other techniques. It is silent and it is not claustrophobic. 

There are two different applications utilising using the same technology and principles, 

event related potentials (ERPs) and oscillatory EEG. Oscillatory EEG is related to the 

event-related fluctuations in rhythmic EEG activity, which may provide a view on the 

dynamics of the coupling and uncoupling of functional networks involved in cognitive 

processing (Bastiaansen, Mazaheri & Jensen, 2012). ERPs are fluctuations in voltage in 
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the raw EEG that are time-locked to an event, such as a stimulus onset or the execution 

of a response. They can follow or precede this event. 

 

1.3.2 Phase- synchrony analysis of EEG.  

EEG recordings provide a continuous measure of brain activity, and can be used to record 

the changes in brain activity that occurs during different functional states. Neural 

synchronization (or neural synchrony) appears to be a basic mechanism in which neurons 

synchronize or Ôphase lockÕ their (oscillatory) firing activity within a restricted frequency 

band, for neuronal information processing both within a brain area and for communication 

between different brain areas (Bhattacharya & Petsche, 2002, Trujullo, Peterson, Kasziak 

& Allen, 2005). The synchronous oscillations have traditionally been organised into 

standard spectral frequency bands, ranging from slow to fast-wave oscillations (Saggar et 

al., 2012).  

One reason for the interest in this type of EEG is to explore not just the binding of sensory 

attributes, but the overall integration of all dimensions of a cognitive act, including visual 

perception and imagery (Bhattacharya & Petsche, 2002), associative memory, emotional 

tone (Damasio, 1990), contemplation, meditation and attention (Saggar et al., 2012). This 

continuous EEG recording technique allows exploration of the mechanisms of attention 

and contemplation during visual and cognitive processing, and also visual processes 

involved in memory and imagination, without goal directed cognitive processing. 

 

Table 1 below describes 5 major EEG frequency bands (Barry et al., 2007), where the 

activity is normally located, and the function it is considered to reflect in normal adults. 
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Table 1. The 5 major EEG frequency bands, location and function reflected in normal adults. 

  
Band Frequency (Hz)  Location  Function  
Delta 1.5-3.5 Hz Frontal Slow-wave sleep, 

continuous attention 
Theta 4-7.5 Hz  No clear location Drowsiness, idling, 

associated with 
inhibition, frustration 

Alpha 8-13 Hz Posterior and 
occipital, both sides 

Relaxed/reflecting 
Attention 
Awake, eyes closed 
Inhibition control 

Beta  13.5-25 Hz Symmetrical frontal 
distribution 

Awake and alert, 
concentrating, 
anxious 

Gamma 20-60 Hz Middle, related to 
somatosensory and 
motor cortex 

Cross modal sensory 
processing 
Short term memory 
matching of 
recognized objects, 
sounds, tactile 
sensations 

 

1.3.3 Event Related Potentials (ERPs)   

Event related potentials (ERPs) allow precise measurement (millisecond timing) of 

different perceptual and affective processes, including encoding, recognition and 

attentional processing during specific cognitive events. They have been used for decades 

to study perception, cognition, emotion, neurological and psychiatric disorders, over the 

lifespan. The averaged ERP consists of a prestimulus, not condition specific, baseline and 

a time-span covering the presentation of the stimulus, or the execution of a physical 

response, and an allocated response time. The ERP waveform contains multiple 

components during this time-span, each of which reflects a specific neurological process. 

The excellent temporal resolution provides a unique window into neural processes as they 

happen, millisecond by millisecond. The processing before, during and after the execution 

of behavioural responses can be recorded, providing additional insights that cannot be 

gained with behavioural measures alone.  

ERP components have been defined as Ôa scalp-recorded voltage change that reflects a 

specific neural or psychological process (Kappenham & Luck, 2012). ERP components 

usually only become visible when multiple EEG time-locked epochs are combined 

together to form an average ERP waveform. This averaging process filters out all the 
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brain activity that is not related to the appearance of stimulus, leaving an ERP waveform 

isolating the electrophysical activity related to the stimulus, see Figure 6. 

The averaged waveform appears as a series of positive and negative voltage deflections, 

which are called peaks, waves or components, and which vary in polarity (positive or 

negative), amplitude (size of the component relative to the baseline) and latency (the 

precise duration of the component). This is almost instantaneous, because electrical 

potentials travel close to the speed of light through the brain, meninges, skull and scalp. 

Thus, ERPs provide a direct and instantaneous measure of cortical activity. However, it 

must be remembered that not all neural structures are reflected in the EEG, but they may 

modulate it (i.e. subcortical structures).  

 

 

 

 

 

 
Figure 6. Example of raw EEG with the stimulus occurrence time-locked (Stimulus 1 and 2 are 
target stimuli, whilst Stimulus N is neutral). These EEG segments are then averaged together 
leaving an ERP waveform isolating the electrophysiological activity related to each stimulus. The 
individual components can then be identified, adapted from Luck, 2014. The stimuli are normally 
visual or auditory. 

These peaks or components are usually labelled according to their polarity, their position 

within the waveform, and their precise latency, i.e. N100/P100 (negative/positive 
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component at 100ms). They can also be labelled in order of appearance, i.e. N1/P1 (first 

negativity/positivity). ERP components are also categorized as exogenous or 

endogenous. Exogenous components are dependent on external rather than internal 

factors (e.g. frequency, luminance, colour, loudness) and index early sensory responses, 

whereas endogenous components are dependent on internal, psychological factors (e.g. 

task, relevance, probability of occurrence). ERPs are very useful for determining which 

stage or stages of processing are influenced by a specific experimental manipulation; they 

give a continuous measure of processing between a stimulus and a response. They also 

provide a measure of the processing of stimuli, even when no behavioural response is 

required. However, the functional significance of an ERP component is not always clear, 

and virtually never as clear as the functional significance of the behavioural response, 

thus standardized behavioural measures are often employed in conjunction with EEG. 

ERPs also need a large number of trials to ensure an accurate response is captured. 

Often 50, 100 or even 1000 trials per subject, in each condition, may be required. This can 

be a major limitation in the design of ERP experiments. 

Despite these limitations, many of the waveformÕs peaks have been linked to specific 

cognitive mechanisms. Because of the very fine temporal resolution ERPs have become a 

crucial tool in understanding cognitive processing as temporal information is fundamental 

to understanding how something works (Luck, 2005). 

 

To summarise: whilst EEG measures the phase synchrony in 5 standard frequency bands 

(delta, theta, alpha, beta and gamma) during spontaneous and prolonged visual 

perception, the ERP technique allows precise millisecond measurement of responses to 

specific visual events. Thus, the ERP technique can be utilised to explore the time course 

of early sensory and affective responses, visual processes and attention in response to 

visual art, whereas continuous EEG can be utilised to explore brain oscillations and 

synchronisation during visual processing whilst contemplation and imagining visual art. 
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1.3.4 Affective pictures, emotion and ERP components  

Because of their excellent temporal resolution ERP techniques provide opportunities to 

explore the time course of affective responses. ERP affect assessment has a 

comparatively long history Ð since the 1960Õs Ð thus a wide range of experimental 

protocols, stimulus characteristics and task procedures have been employed. Here, the 

focus is on conclusions drawn from studies that have used affective pictures, particularly 

those that have employed stimuli from the International Affective Picture System (IAPS). 

The International Affective Picture System was constructed to provide a set of normative 

emotional stimuli for experimental investigations of emotion and attention. The IAPS 

consists of a large set of standardized, emotionally evocative, and internationally 

accessible, colour photographs whose contents cover a wide range of semantic 

categories (Lang, Bradley & Cuthbert, 1997). The images have been rated regarding the 

arousal they stimulate (low-to-high) and valence (unpleasant-to-pleasant). The use of 

these images allows ERP researchers to have better experimental control, to facilitate the 

comparison of results and to allow replication of experimental techniques. There is no 

such standardized set of artworks, nor is there ever likely to be one. A major goal of 

studies utilising IAPS has been to characterize ERP component modulations related to 

affective valence and arousal (Olofsson, Nordin, Sequeira & Polich, 2008). Generally, 

ERPs from affective stimuli are sensitive to both positively and negatively valenced stimuli 

compared to neutral stimuli, with amplitude modulations in early and late components 

(Cuthbert et al., 2000; Deplanque et al., 2006; Keil et al., 2002; Schupp et al., 2006; 

Schupp, Junghšfer, Weike & Hamm, 2004). These effects have been reported both in 

anticipation of (Polich, 2007a), as well as following the presentation of emotional stimuli 

(Hajcak & Olvet, 2008), and in passive viewing as well as active response tasks (Cuthbert 

et al., 2000).  

In a comprehensive review of findings from 40 years of ERP studies using affective 

pictures to elicit emotional processing Olofsson et al., (2008) conclude that more affective 

content gathers more attention than neutral content, with unpleasant stimuli producing 

stronger emotional effects than pleasant or neutral. There are differences in the temporal 

courses of ERP valence and arousal effects, with valence effects appearing relatively 
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early (100-250ms), whilst arousal influences later (200-1000ms) components (Olofsson & 

Polich, 2007). This suggests that the stimulusÕ valence activates selective attention, whilst 

arousal is produced by the motivational qualities of the stimulus, involving attentional 

resources that contribute to memory encoding (Codispoti, Ferrari & Bradley, 2007; Dolcos 

& Cabeza, 2002; Schupp et al., 2000). It has also been suggested, however, 

(Rozenkrants & Polich, 2008) that valence minimally affects ERP amplitude, whilst arousal 

level is the primary determinant. 

Early visual components; P1, N1, P2, N2 and EPN 

Early visual ERP components that appear to be sensitive to emotional content include the 

P1, N1, and P2, which peak between 100 and 200ms following stimulus onset (CarretiŽ, 

Mercado, Tapia & Hinojosa, 2001; Foti, Hajcak & Dien, 2009; Keil et al., 2002). The P1 

and N1 components index early sensory processing in the extrastriate visual cortex. An 

early ERP latency suggests that emotional images (e.g., IAPS) appear to impact the 

magnitude of the P1, with unpleasant pictures eliciting larger components than pleasant, 

both at occipital (CarretiŽ et al., 2004; Delplanque et al., 2004), and frontal sites (CarretiŽ 

et al., 2007). This suggests that unpleasant pictures have privileged access to attention 

early in the information-processing stream (CarretiŽ, Mercado, Tapia & Hinojosa, 2001; 

Delplanque, Lavoie, Hot, Silvert and Sequeria, 2004; Codispoti, Ferrari and Bradley, 

2007), and that there is a negativity bias in attention allocation (Smith, Cacioppo, Larsen 

& Chartrand, 2003).  Early encoding of high valence images appears to be associated 

with a posterior negativity, suggesting initial activation in the visual cortex (Schupp et al, 

2003a). On the other hand, Pastor, Bradley, Lšw, Versace, Molt—, & Lang, (2008) found 

that pleasant pictures evoked an early ERP component over occipital and fronto-central 

sensors. Thus, both an enhanced P1 (Delplanque et al., 2004; Smith et al., 2003), and a 

reduced P1 in response to emotional images have been reported (Rigoulot et al., 2008).   

The N1 appears to be sensitive to the emotional content of stimuli being larger for both 

pleasant and unpleasant images relative to neutral images (CarretiŽ et al., 2007; Foti et 

al., 2009; Keil et al., 2002; Weinberg & Hajcak, 2010). A later N1 (176ms) component has 

been identified as being resistant to habituation for high-arousing unpleasant pictures 



 21 

compared to other stimulus categories (Carretie, Hinojosa & Mercado, 2003), though later 

studies have not supported this effect (Codispoti, Ferrari & Bradley, 2007; Olofsson & 

Polich, 2007). 

Early ERPs also appear to be influenced by the perceptual features of a picture such as 

composition, colour and spatial frequency. Bradley, Hamby, Lšw and Lang (2007) found 

that picture composition affected ERPs at around 150ms, with simple figure-ground 

compositions eliciting less positivity over posterior sensors and less negativity over frontal 

sensors than more complex scenes. Modulation of the P1 in response to emotional stimuli 

appears to be more reliable in response to faces rather than the more complex IAPS 

images, and during categorisation rather than passive viewing (Hajcak, Weinberg, 

McNamara & Foti, 2012). It has also been found that even very brief presentation of 

affective pictures (120ms) is sufficient for perceptual processing (Schupp et al., 2004). 

The oddball paradigm is often used in ERP research. Presentations of sequences of often 

repeated stimuli are interrupted by infrequent target stimuli to which the subject is asked 

to respond in some way. The data of interest is that in response to the infrequent target 

stimuli. Studies employing oddball or categorization tasks have reported a larger P1 for 

emotional stimuli (CarretiŽ et al., 2004; Delplanque et al., 2004), whilst those involving a 

passive viewing paradigm have not found an effect on the P1 (Weinberg & Hajcak, 2010). 

These differences may be due to variation in stimuli or to task differences.  

It has been suggested that the P2, peaking approximately 180ms after stimulus onset 

(CarretiŽ et al., 2004), indexes post perceptual attention (Hajcak et al., 2012). In non-

affective research the magnitude of the P2 is enhanced for target stimuli (Luck & Hillyard, 

1994), and whilst little is known about the P2, it has shown greater amplitudes in response 

to emotional stimuli (negative and positive) than neutral stimuli (CarretiŽ et al., 2004) and 

in response to affective pictures (CarretiŽ, Mercado et al., 2001; CarretiŽ, Hinojosa et al., 

2004; Delplanque et al., 2004; Olofsson & Polich, 2007), at anterior and central sites 

(CarretiŽ, Mercado et al., 2001; CarretiŽ, Hinojosa et al., 2004; Luck & Hillyard, 1994). 

Processing within the 200-300ms latency indicates early stimulus discrimination and is 

linked to Ônatural selective attentionÕ (Dolcos and Cabeza, 2002; Schupp et al., 2000, 
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2007; Schupp, Markus, Weike & Hamm, 2003a), and also of recognition memory (Van 

Strien, Langeslay, Strekalova, Gootjes & Franken, 2009). 

In this time range (200-300ms) two ERP components overlap, the N2 which manifests 

itself as a central negativity (CarretiŽ et al., 2004), peaking at 250ms after stimuli 

presentation, and which appears to index selective attention to specific stimulus features 

(e.g., colour, shape and form; Codispoti, Ferrari, Junghšfer & Schupp, 2006), and the 

Ôearly posterior negativityÕ (EPN) which has been reported at 200-300ms for arousing 

compared to neutral stimuli (Dolcos & Cabeza, 2002; Schupp et al., 2003a,b, 2004). 

Emotional stimuli have been shown to influence the magnitude of the N2, although it is not 

clear whether this effect is equal for both pleasant and unpleasant stimuli (e.g. CarretiŽ et 

al., 2004), and the EPN has been associated with increased visual processing of 

emotional stimuli compared to neutral, presenting as a reduction in positivity for emotional 

compared to neutral stimuli, (Foti et al., 2009; Schupp et al., 2003a, b; Weinberg & 

Hajcak, 2010).  

 P3 and Late Positive Potential (LPP) 

P3: In studies dating back over 50 years, emotional compared to neutral images elicit an 

increased positivity 300-500ms after stimuli presentation (e.g., Lifshitz, 1966, as cited in 

Hajcak et al., 2012). The late part of the affective ERP (>300ms) is dominated by the P3 

wave and the subsequent positive slow wave. The distinguishing feature of P3 wave is its 

sensitivity to target probability (Luck, 2005): only occurring if the subject is actively 

engaged in the task of detecting the stimuli; these potentials are often elicited with 

affective pictures using a variant of the oddball paradigm. This component appears to be 

sensitive to motivational significance (Hajcak et al., 2012), task relevance, and arousal 

level (Duncan-Johnson & Donchin, 1977; Polich, 2007a). Whilst there is no universally 

accepted theory of the P3 wave, the most common view (initially proposed by Donchin, 

1981, as cited by Luck & Kappenman, 2012), is that it reflects working memory updating 

(e.g., Vogel et al., 1998, as cited by Luck & Kappenman, 2012). 

There is evidence that the amplitude of the P3 can be influenced by the amount of 

attention allocated to a stimulus. This is particularly evident in dual-task experiments, 
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which suggest that the P3 amplitude is reduced when subjects are required to vary their 

attention between tasks (e.g. Mangun & Hillyard, 1990), supporting the hypothesis that 

the amount of resources available to process the stimulus affects the amplitude of the P3 

wave. It is also interesting to note that Cano et al., (2009) found that the P3 amplitude is 

sensitive to affective picture valence in the absence of differences in stimulus arousal, and 

that the colour of the stimulus contributes to ERP valence effects. They found that the P3 

amplitude was larger for normal colour pictures over frontal areas for positive compared to 

negative or neutral, but not for black/white or scrambled images. 

The P3a and P3b are subcomponents of the P3 which may indicate attentional and initial 

memory storage events (Delplanque, Silvert, Hot & Sequeira, 2005). The P3a originates 

from stimulus driven frontal attention mechanisms during task processing, whilst the P3b 

originates from temporal parietal activity which is associated with attention and 

subsequent memory (Polich, 2007b). Whilst the P3a appears sensitive to picture valence 

rather than arousal, to unpleasant pictures as compared to pleasant and neutral pictures 

(Cano, Class & Polich, 2009), interpreted as a negativity bias related to attentional 

processing (Hajcak & Olvet, 2008; Delplanque et al., 2006), only the P3b appears 

sensitive to both arousal and valence, suggesting that arousal and valence influence 

target processing.  Higher amplitudes of the P3b components at several posterior sites for 

both types of emotional pictures (Delplanque et al., 2006) and an enhanced positive slow 

wave seen over posterior sites suggests perceptual sensitivity to the motivational 

relevance of the picture (CarretiŽ, Hinojosa & Albert, 2006; Codispoti, Ferrari & Bradley, 

2007; Sabatinelli, Lang, Keil & Bradley, 2007; Schupp et al, 2003b, 2007).  

LPP (Late Positive Potential):  A long lasting increased ERP positivity in response to 

affective pictures has often been observed (Cuthbert et al., 2000; Foti et al., 2009; Hajcak, 

Dunning & Foti, 2007; Keil et al., 2002; Mini, Palomba, Angrilli & Bravi, 1996; Moser, 

Hajcak, Bukay & Simmons, 2006; Schupp et al., 2000; Weinberg & Hajcak, 2010). The 

Ôlate positive potentialÕ (LPP), a midline centroparietal ERP, in the 300-1500ms range after 

stimulus onset (Hajcak et al, 2012), has been reported as being larger following the 

presentation of both pleasant and unpleasant compared to neutral pictures (Cuthbert et 

al., 2000; Hajcak, Dunning & Foti, 2007; Hajcak & Olvet, 2008; Schupp et al., 2000, 
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2003b, 2004) and has been found to demonstrate increased positivity to pictures reported 

to have greater affective arousal (e.g. erotic or violent content) (Bradley et al., 2007; 

Cuthbert et al., 2000; Keil et al., 2002; Schupp et al., 2003b, 2007; Pastor et al., 2008), 

suggesting selective processing of and increased attention to emotional stimuli (Hajcak et 

al., 2009). This is supported by Lang & Bradley (2010) in a review of studies of emotional 

processing, which have focussed on motivational circuits in the brain that developed in 

early evolutionary history. They found that the LPP increases in amplitude in the occipital 

and parietal brain regions, in response to both pleasant and unpleasant pictures rated as 

more arousing, suggesting that perceptual processing indicates the intensity of the reason 

to act, but not how to act, to ensure survival. 

A positive effect between the magnitude of the LPP and subjective arousal ratings of 

emotional stimuli has also been reported (Cuthbert et al., 2000; Schupp et al., 2004, 

Weinberg & Hajcak, 2010). Ferrari, Codispoti, Cardinale & Bradley (2008) suggest that the 

LPP reflects the operation of attentional neural circuits that are utilized by both top-down 

and bottom-up processes and that previous knowledge and expectations may influence 

the magnitude of the component. This effect is related to the evaluation of the stimuli. 

When categorising pictures along a non-affective dimension, such as their size, or 

suppressing emotional responses, ERP positivity for arousing (pleasant/unpleasant) 

pictures decreased, compared to when participants performed an affective evaluation task 

(Hajcak, Moser & Simmons, 2006; Moser et al., 2006).  

This widely found long lasting ERP positivity to affective pictures suggests that it is 

associated with memory formation (Cuthbert et al., 2000; Delplanque et al., 2005; Keil et 

al., 2002; Olofsson & Polich, 2007; Schupp et al., 2000). Dolcos and Cabeza (2002) found 

that the subsequent memory effects at centro-parietal areas was larger for arousing 

pictures than for neutral pictures, indicating that emotional information has enhanced 

access to processing resources, which may result in better memory formation. This has 

been supported more recently by Tapia, CarretiŽ, Sierra and Mercado, (2008) whose 

results suggest that implicit memory is biased by valence. 
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1.3.5 Summary  

Both valence and arousal influence ERP amplitudes at several processing stages. 

Valence effects have most commonly been found at short latencies (100-300ms), they 

appear to be connected to rapid selection processes, part of the Ônegativity biasÕ 

framework, however, ERP valence effects are not as consistently found as arousal 

effects. The positive going waveform from about 200ms until stimulus offset elicited by 

arousal is consistently obtained, but varies with task relevance. In middle range latencies 

it has been linked to automatic attention, at longer latencies it has been linked to 

subsequent memory.  

1.4 Overall Summary  

The study of aesthetics has historically been linked to emotional responses to art, and 

particularly to beauty. Neuroaesthetics is an emerging discipline exploring responses in 

the brain to the perception and appreciation of beauty, harmony and pleasure. A number 

of frameworks and models have been proposed to link perceptual processes with the 

cognitive and emotional processes involved in aesthetic appreciation. A multi-discipline 

approach is considered as it becomes clear how complicated not only the aesthetic 

process is, but also a broader picture of art appreciation, whether it is beautiful and 

pleasing, or disgusting and surprising. 

Event related potential (ERP) research has provided us with considerable knowledge 

regarding the time course of the brains responses to affective pictures. It is evident that 

emotional (unpleasant and pleasant) stimuli impact on early visual processing compared 

to neutral stimuli and that ERPs are more consistent in response to arousal than to 

valence, particularly at middle and late latencies.  

Whilst these findings regarding the brains responses to affective pictures continue to 

provide us with knowledge little is known regarding how we respond emotionally to works 

of art. These findings have been based on a normative set of stimuli, collected for the 

purposes of exploring arousal and valence responses to affective pictures. Clearly there is 

no such pool of stimuli available for the study of aesthetics or visual art. 
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Chapter 2: Art and the brain  

2.1 Overview  

Despite its limitations neuroscience is beginning to tease apart the relationship between 

responses to art and/or aesthetic stimuli and cognitive function (e.g. knowledge, 

experience, emotion and perception). This research has identified several brain regions 

and event-related potential (ERP) components whose activation correlates with aesthetic 

experiences. This chapter will review those studies that have a) used images of visual art 

as stimuli to explore a range of perceptual and affective processes, aesthetics and the 

judgement of beauty, and expertise, b) those that have used stimuli other than visual art 

to explore the neural processing of beauty and aesthetics, and c) those that have used 

images of visual art to explore the impact of art  on neural processes.  

The role of art as stimuli will be briefly considered, particularly that of modern art, and how 

the lack of traditional aesthetic content affects the study of art and the brain. Finally, the 

research questions will be outlined. 

2.2 The judgement of  beauty, and art.  

A number of studies have explored the neural correlates of aesthetic judgement and 

symmetry using stimuli other than visual art. Appendix 1a summarizes these studies in 

chronological order and lists the methodology, demographic information, the type of 

stimulus and the basis for the selection of the stimulus, and the primary affect results. 

Jacobsen (2010) states that the first ERP data reflecting human aesthetic judgement were 

presented in 2000 (Jacobsen & Hšfel, 2001) and that a number of ERP studies over the 

following decade focussed on symmetry and complexity as two key measures of aesthetic 

judgement, and spontaneous and intentional processes involved in aesthetic processing 

(see Jacobsen, 2010 for a review). These studies used a range of novel, monochrome, 

geometric stimuli, created specifically for the study of evaluative aesthetic judgement, see 

Figure 7 below. 
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Figure 7. Examples of novel, formal, monochrome, graphic, geometric stimuli, created specifically 
for the study of evaluative aesthetic judgment (from Hšfel & Jacobsen 2007a). 

 

Despite differing results from a number of studies the authors (see Jacobsen, 2010) 

conclude that the appreciation of beauty is not a spontaneous process but a task induced 

intentional process that requires attention. This is reflected in an ÔearlyÕ frontocentral 

phasic negativity (300-400ms) elicited when judging the stimuli (see Figure 7 above) as 

not-beautiful but not when judging them as beautiful, and a negative going waveform at 

parietal and occipital sites after 250ms (Jacobsen & Hšfel, 2001, 2003). Kutas and 

Federmeier (2009) describe a negative-going potential that peaks around 400 ms post-

stimulus onset, and is observed between about 250 and 550 ms post stimulus, as the 

N400. The N400 is typically seen in response to a wide array of meaningful or potentially 

meaningful stimuli, including visual and auditory words, pictures, environmental sounds, 

and gestures and appear to be affected by attentional allocation.  

Tommaso et al., (2008) suggest that the categorization of the aesthetic qualities of 

coloured, complex geometric patterns recruits attentional resources. They found that the 

P3b amplitude, traditionally associated with attentional and working memory operations 

during cognitive task performance (Polich, 2007a), increased during the categorization of 

the aesthetic qualities of complex geometric patterns when compared to judging the 

aesthetic qualities of pictures of art. These results also appear to suggest judgement of 
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these patterns requires additional attentional resources. Whilst being recognised as 

having limited scope regarding aesthetic judgement (Jacobsen, 2004), aesthetic 

judgement of graphic patterns suggests that not only are attentional resources recruited 

but also the reward systems of the brain (OFC and NAcc) are engaged. fMRi studies 

(Jacobsen, Schubotz, Hšfel & v. Cramm., 2005; Kirk et al., 2009a) have found activation 

in the orbitofrontal cortex OFC and left nucleus accumbens (NAcc), areas associated with 

the processing of reward and pleasure.  

It must be acknowledged that there are a host of other aspects not found in novel, 

geometric, monochrome patterns that may affect the aesthetic response. These include 

form, colour and movement (Cela-Conde et al., 2004), meaning (Cupchik et al., 2009), 

novelty and interestingness (e.g. Berlyne, 1974), proportion (Di Dio, Macaluso & 

Rizzolatti, 2007), opposing colours, luminance (Livingstone, 2002; Zeki, 1999) and 

expertise and experience (Leder et al., 2004). However, it is beyond the scope of this 

thesis to discuss all of these.  

 

There have been relatively few studies that have explored aesthetics using images of 

visual art as stimuli. The results of these few studies appear to have little in common, yet 

provide evidence that affective processes a) play an important role in aesthetic 

preference, b) integrate with cognitive processes to reach decisions about beauty (Nadal, 

Munar, Cap—, Rossello & Cela-Conde, 2008), and c) support the notion that rating beauty 

captures the aesthetic experience meaningfully. Appendix 1b summarizes these studies in 

chronological order and lists the methodology, demographic information, the type of 

stimulus and the basis for the selection of the stimulus, and the primary affect results. 

Appendix 1c summarizes brain imaging studies using visual art as stimuli to explore 

expertise, visual perception, style and content processing, object recognition, recognition 

memory and reward circuitry. The stimuli in a number of these studies (Appendix 1c) may 

have been manipulated to fulfil the aims of the research, thus ensuring that they will not 

be perceived as the artist originally intended, or even as art. The stimuli employed to 

explore emotional responses to art (Appendix 1b) rather than aesthetic preference, 
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proportion or perception, are less likely to have been manipulated or altered from the 

original, and so are more likely to reflect the true impact of visual art on neural processes.  

Early studies using visual art as stimuli had previously reported both quantitative changes 

in the activation of visual cortex and qualitatively distinct networks of brain areas in frontal 

and limbic areas in response to positive, negative and neutral aesthetic preference to 

visual art images (Hansen, Brammer & Calvert, 2000). Further exploration of aesthetic 

preference found that activity was greater in the orbitofrontal cortex for stimuli classified as 

beautiful and in the motor cortex for those classified as ugly (Kawabata & Zeki, 2004). 

That activity in the dorsolateral prefrontal cortex was significant in response to stimuli 

judged as beautiful, compared to non-beautiful, between 400 and 1000ms after stimuli 

presentation (Cela-Conde et al., 2004). Moreover, different activity in the right caudate 

nucleus, bilateral occipital gyri, left cingulate sulcus and bilateral fusiform gyrus, in 

response to increasing or decreasing preference of original, altered or filtered paintings, 

suggests that these areas are linked to the evaluation of reward based stimuli that vary in 

emotional valence (Vartanian & Goel 2004a,b). Studies using visual art as stimuli have 

found a range of neural responses in response to judgements of preference and beauty, 

but it seems clear that looking at visual art activates the reward-related regions in the 

brain (Kirk et al., 2009b; Lacey et al., 2011), specifically the left VS (Kirk et al., 2009b), the 

medial OFC bilaterally (Ishizu & Zeki, 2011; Kawabata & Zeki, 2004; Kirk, 2008; Kirk et al., 

2009a, 2009b), and the right amygdala (Di Dio et al., 2007), whereas motor areas are 

associated with the judgement of ugliness.   

Activity in the mOFC during the experience of both artistic and musical beauty has been 

reported (Ishizu & Zeki, 2011; Kawabata & Zeki, 2004). In a study which used paintings to 

ask whether there are brain areas that are consistently active when subjects perceive 

beauty, and, conversely, when they perceive ugliness, Kawabata and Zeki (2004) report 

activation in the medial OFC bilaterally in response to those paintings classified as 

beautiful compared to those judged as ugly. The judgement of a painting as beautiful, or 

not, correlates with specific brain structures associated with specific feelings and 

emotional states, principally the OFC, known to be engaged during the perception of 

rewarding stimuli (Bechara, Damasio & Damasio, 2000; Rolls, 2004; Kringelbach & Rolls, 
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2004), aesthetic judgement (Kirk et al., 2009a), aesthetic beauty and art (Di Dio et al., 

2007; Fairhall & Ishai, 2008; Kirk et al., 2009b). However, they did not find separate 

structures engaged when the stimuli were perceived as beautiful or ugly. Instead, a 

change in the relative activity of the OFC was found, which correlated with the aesthetic 

judgement. Beautiful stimuli produced the greatest activity, whilst in the motor cortex ugly 

stimuli produced the greatest activity. The anterior cingulate and left parietal cortex were 

both prominent in the contrast of beautiful versus neutral stimuli. The anterior cingulate 

has been associated with emotion, the activation in this case suggests a connection 

between emotion and aesthetic judgement. Whilst the parietal cortex is associated with 

spatial attention, and was activated only in the comparison beautiful versus neutral, this 

may provide evidence for greater load on the attentional system.  

Tommaso et al., (2008) observed an increase in the amplitude of the N2 ERP component 

during the categorization of neutral rather than beautiful pictures of art. The N2 has been 

previously associated with an increase in selective attention, and also a response to 

emotional stimuli (Olofsson & Polich, 2007), although it is not clear whether this effect is 

equal to both pleasant and unpleasant stimuli (CarretiŽ et al., 2004). This suggests that 

neutral pictures recruited more attentional resources than beautiful; however, a further 

simple target/recognition task of the same stimuli resulted in an increase in the P3 

amplitude in response to stimuli previously rated as beautiful, suggesting that simply 

looking at beauty increases arousal.  Most interestingly, the experience of art itself, 

relative to non-art images, has been reported to activate the VS, OFC, and hypothalamus, 

independent of aesthetic preference (Lacey et al., 2011). 

Activation of the OFC has also been found to be moderated by context and by the 

expertise of the subject (Kirk et. al., 2009a, b). When an artwork is labelled as art (Kirk et. 

al., 2009b), rather than presented as an interesting image, the aesthetic ratings can be 

significantly affected, and correlated with activity in the mOFC and PFC. When experts 

(architects) were asked to make aesthetic judgements the mOFC was recruited differently 

to non-experts, even in the absence of behavioural differences (Kirk et. al., 2009a). This 

suggests, as one possibility, the response in this area may be due to expectations about 

the likely hedonic value of the stimuli (Di Dio,, Canessa, Cappa & Rizzolatti, 2011; 
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Hagtvedt & Patrick, 2008). However, Lacey et al., (2011) propose that the appeal of visual 

art is based on artistic status alone, independent of its hedonic value, and that whilst 

anticipation of intense pleasure has been shown to involve the caudate, the nucleus 

accumbens has been involved during the experience of peak emotional response 

(Salimpoor et al., 2011). So, not only does looking at beautiful art appear to activate the 

reward circuitry of the brain, so too does simply looking at or even the expectation of 

viewing the art itself, with expertise moderating the response. 

Noguchi and Murota (2013) also report neural activity in parietal regions in an 

investigation into how context affects the appraisal of artworks. The P2 component was 

larger in response to the genuine condition than in the fake, and to the visual factor 

(proportion), of pictures of Classical sculptures. It also correlated with the aesthetic rating. 

This rapid (200-300ms) integration of contextual and visual factors is consistent with the 

view of Di Dio and Gallese (2009) who define the aesthetic experience as being able to 

Ôperceive-feel-senseÕ an artwork, rather than as a result of deep contemplation, and is 

consistent with previous studies showing an involvement of the parietal cortex in the 

processing of artworks (Cela-Conde et al., 2009; Cupchik  et al., 2009; Di Dio et al., 2007; 

Jacobsen, 2006). It may also reflect strategies associated with visual attention and spatial 

exploration strategies (Cela-Conde et al., 2009). This is consistent with ERP research with 

affective pictures (CarretiŽ et al., 2001, 2004; Delplanque et al., 2004; Hajcak et al., 2012; 

Olofsson & Polich, 2007) which suggests that processing within the 200-300ms latency 

indicates early stimulus discrimination, is linked to Ônatural selective attentionÕ (Dolcos and 

Cabeza, 2002; Schupp et al., 2000, 2003a, 2007), and also of recognition memory (Van 

Strien et al., 2009). 

Whilst we can draw some conclusions regarding neural processes involved in the 

aesthetic experience, key questions remain, such as the tension between subjectivity and 

universality. Some argue that aesthetic evaluation relies on universal principles (Atalay, 

2007), others acknowledge that it can be highly subjective, whilst others argue that 

aesthetic judgements are multi-faceted and multi-dimensional (Huang, Bridge, Kemp & 

Parker, 2011). It is recognised that there is agreement regarding the aesthetic value of 

certain objects, scenes or colours, but that this is subject to cultural norms, fashion, 



 33 

education and exposure (e.g., Arnheim, 1974; Vessel, Star & Rubin, 2012). Thus, key 

questions remain regarding how appropriate it is to use aesthetic judgement, or the 

judgement of beauty, to study the relation between cognitive and neural responses 

involved in the aesthetic experience.  

 

To summarize, aesthetic judgement of visual art appears to differentially recruit the areas 

of the brain associated with reward and attention. Different activation has been observed 

in response to positive, negative and neutral judgements of beauty, however, beautiful 

judgements, simply looking at art or even expecting to look at art increases the activity of 

the VS, mPFC, OFC and amygdala. Aesthetic judgement also appears to reflect visual 

attention and increase arousal. These processes are affected by the context in which the 

artwork is experienced. Additionally, the use of aesthetic judgement, or the judgement of 

beauty remains a thorny topic; there are many influences on and little agreement 

regarding what is beautiful or what is aesthetically pleasing. 

2.3 Perception of art  

The brain is continually trying to organise the data it receives, searching for objects, even 

when they are not there, e.g. seeing faces in the branches of trees, images of Christ on 

naan bread, or galloping horses in cloud formations. So, what is specific about the 

perception of art, what differentiates it from the perception of objects, scenes or faces? Is 

experiencing visual art a cognitive or emotional process or a combination of the two?  

Behavioural and electrophysiological studies have suggested that object recognition is a 

rapid process, achieved within a few hundred milliseconds, and that even complex images 

can be processed in parallel without the need for sequential focal attention (Rousselet, 

Fabre-Thorpe & Thorpe, 2002). But the process of viewing artworks also involves artistic 

style.  It has been proposed that both style and content are central variables in the 

processing of representational art (Leder et al., 2004), with the content being of central 

importance regarding classification and appreciation (Augustin & Leder, 2006). Style is 

also considered a key aspect that differentiates art perception from other forms of 
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perception (Leder et al., 2004). Augustin, Leder, Hutzler & Carbon (2008) suggest that 

information acquired during early perceptual processing influences later processing, and 

that the content-related information in artwork is processed prior to the style of the art. An 

ERP study (Augustin, DeFranchesi, Fuchs, Carbon & Hutzler, 2011) used an adapted 

go/no go paradigm to examine the neural time course of two processes, the processing of 

style and content in art. Employing pictures that systematically varied in style and content 

(although the artistic style varied, the content was similar, trees, flowers, house, man) they 

found that the onset of the N200 effect (indexing selective attention) was slightly later in 

response to the processing of style (224ms), compared to the effect of content (183ms), 

and suggest that 224ms may be sufficient for people to successfully classify artistic style. 

These results support the finding that style follows content in the processing of art 

(Augustin et al., 2008), probably reflecting the optimization of the visual system for object 

and scene perception rather than the perception of style.  

Visual ambiguities are important for art (Gregory, 1998). Our ability to see objects from 

only a few sketchy lines, to be able to makes assumptions about what is being 

represented, is crucial. Visual indeterminacy occurs when we view an image, apparently 

vivid and detailed, but we are unable to recognise the familiar objects suggested, the 

formal aspects of perception (colour, form and motion) become disassociated from the 

semantic aspects (association, meaning, memory) (Ishai, Fairhall & Pepperell, 2007). 

Indeterminate art is neither representational (e.g., a portrait or a landscape) nor abstract 

(e.g., a Mondrian or Jackson Pollock), it strongly implies natural forms, but resists easy or 

immediate identification. Ishai et al., (2007) found that in almost a quarter of all cases 

(24%) participantsÕ reported seeing recognizable images in indeterminate paintings. 

However, they were significantly slower when perceiving indeterminate images compared 

to representational paintings, which suggests that they took longer in an attempt to 

resolve the indeterminacy, performing a visual search, trying to match the ambiguous 

forms with familiar objects stored in memory. 

Recognition memory has been shown to be mediated by a distributed cortical network, 

where activation can be altered by: a) the visual similarity between familiar and novel 

pictures (Yago & Ishai, 2006), b) the level of object resolution associated with visual 
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imagery (Fairhall & Ishai, 2008; Cupchik et al., 2009, Wiesmann & Ishai, 2010), or c) the 

contextual setting of objects (Kirk, 2008). Representational paintings have been found to 

stimulate brain areas associated with the identification of meaningful objects and the 

imposition of situational models on pictorial scenes (Cupchik et al., 2009; Yago & Ishai, 

2006; Lengger, Fischmeister, Leder & Bauer, 2007; Fairhall & Ishai, 2008), they have 

been found to stimulate stronger activation than indeterminate and abstract paintings in 

higher-tier visual areas, and stronger activation than indeterminate in the in the 

temporoparietal junction, whilst perception of scrambled versions of original paintings has 

been associated with imagery-related activation in the precuneus and prefrontal cortex 

(Lengger et al., 2007; Fairhall & Ishai, 2008). 

When objects in pictures are viewed in unaccustomed, abnormal settings (such as a cow 

in a room, or a vase in a landscape) prefrontal areas are significantly more engaged than 

when objects are viewed in normal contextual settings (Kirk, 2008). These findings 

suggest that recognition memory matches objects based on their visual similarity to 

familiar ones (Yago & Ishai, 2006; Kirk, 2008). That when perceiving artworks familiar 

content is mediated by object recognition, memory recall and mental imagery (Fairhall & 

Ishai, 2008), and there is increased attentional demand caused by violations of contextual 

expectations, such as objects in abnormal settings (Kirk, 2008), or the lack of discernible 

elements in abstract art (Lengger et al., 2007).   

So, although object recognition is a rapid process, and whilst the content of artworks is 

processed faster than the style, viewing artworks requires greater attentional resources, 

even when viewing representational paintings, suggesting that both cognitive and 

emotional processes are engaged. 

2.4 Preference  

With regard to aesthetic preference Tommaso et al., (2008), found that artistic and 

geometric images classified as beautiful by some participants were classified as ugly by 

others and vice versa, demonstrating individual variability. That said, others have found 

generic preferences for symmetry and regularity.  Symmetric patterns as opposed to 
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asymmetric (Hšfel & Jacobsen, 2007b; Jacobsen & Hšfel 2003; Jacobsen et al., 2006) 

and unmodified classical images as opposed to modified (by having had their proportions 

changed, Di Dio et al., 2007) and real-body images (Di Dio et al., 2011) have been 

reported as preferred. 

Aesthetic preference, as measured through affect ratings, for different types of art have 

found little difference between abstract, indeterminate and representational art Ishai et al., 

2007). However, the judgement latencies, the length of time taken to make the judgement, 

for indeterminate paintings were significantly longer than for the other two categories of 

art. The longer it takes to decide whether a painting contains familiar objects, the more 

likely this painting is to be subsequently rated as aesthetically affective (Ishai et al., 2007). 

Moreover, the longer a painting is viewed, the more it is liked (Vartanian & Goel, 2004a).  

This suggests that the aesthetic affect of paintings is not only independent of semantic 

meaning, but also independent of the presence or absence of any meaningful content, 

(Ishai et al., 2007). However, both Vartanian and Goel (2004a) and Di Dio and Gallese 

(2009) found that representational paintings were preferred more than abstract paintings, 

which suggests the opposite, that visual preferences are typically driven by the semantic 

content of the stimuli, and that shared semantic interpretations then lead to shared 

preferences (Vessel & Rubin, 2010). When no clear semantic content is present in the 

images, (novel abstract, visually diverse images) visual preferences emerge as highly 

individual, and when semantic associations are increased (by using real-world scenes), 

the effect is not to universally increase preference, but instead to increase the degree to 

which different observers agree in which images are liked or disliked (Vessel & Rubin, 

2010).  

Solso (2003) describes how there are two aspects to viewing art: hard-wired perception 

(the synchronicity of eye and brain), and directed perception, (incorporating personal 

history and knowledge). Both perception and cognition, evolved principally to survive, 

allow us to interpret art through individual and collective prisms. Whilst neurological 

processes in humans may be approximately the same in that we may perceive physical 

images collectively, our personal history and individual experiences affect our visceral 

responses. Whilst observers may have strong aesthetic reactions to very different sets of 
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images, and are moved by particular images for very different reasons, the ability to be 

aesthetically moved appears to be universal.  

To conclude, there is generally very low agreement regarding aesthetic reaction for visual 

art, compared to other types of stimuli (e.g., Vessel & Rubin, 2010). We suggest that there 

may be a number of reasons for this. There is an almost infinite catalogue of artworks, 

created over thousands of years, involving schools of art, movements, fashions, cultural 

differences, historical influences, traditions, and so on, from which images have been 

selected. The nature of art and its immense variety makes it impossible to have a normed 

set of stimuli, such as the International Affective Picture System (IAPS) from which to 

select images to include in studies. 

2.5  The role of expertise  

The appreciation of art is an innate behaviour that is refined by formal training like any 

other skill. Differences between art experts and non-experts in various aspects of 

aesthetic preference and judgements (e.g., Furnham & Walker, 2001; Hekkert & van 

Wieringen, 1996; Smith & Melara, 1990), in methods of processing complexity (Reber, 

Schwarz & Winkielman, 2004), how they view and perceive pictures (Vogt & Magnussen, 

2007) and type of art and emotional appraisal (Silvia, 2006) have been identified. 

Therefore, a relevant question to consider is, does formal art training impact on the 

various, complex cognitive, evaluative and affective processes involved in the 

contemplation of art? 

Pang et al., (2012) suggest that contemplating paintings may be simpler for art experts, 

who, owing to greater efficiency in solving tasks in their particular domain, may rely on 

more well-mastered and effortless cognitive and perceptual processes. In an ERP study 

investigating the neural correlates of art expertise Pang et al., (2012) demonstrated that 

art expertise is associated with reduced Ôhigher orderÕ event-related potential amplitudes 

(P3b and LPC) under the free viewing of visual art and non-artistic visual stimuli, which 

can be considered to reflect increased neural efficiency due to extensive practice in the 

contemplation of art. As such, Pang and colleagues suggest that these findings support 
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the notion that the appreciation of visual art relies on cognitive and neural processes 

similar to those involved in processing other visual stimuli, and that this contradicts the 

popular belief that because Ôart is specialÕ there should be Ôsome special brain processÕ 

associated with art or aesthetics (Pang et al., 2012). 

Structural brain differences have been found between artists and non-artists (Solso, 2001; 

Chamberlain et al., 2014). This of course, may be due to training, or conversely, the fact 

that they are artists may be because of the brain differences. However, Karkare, Saha & 

Bhattacharya (2009) suggest that artistic training is associated with enhancement of brain 

structures pertaining to visual imagery and in certain aspects of brain activity while 

performing art-related tasks, such as representational drawing. Bhattacharya and Petsche 

(2002) found higher EEG phase synchronisation (which may indicate direct 

communication between different regions of the brain), particularly in the delta and 

gamma bands in the right hemisphere and in the posterior brain regions, in artists, 

compared to non-artists, when they were asked to imagine a painting after viewing it.  

Similar results were reported when artists and non-artists were asked to mentally 

compose drawings of their own choice (Bhattacharya & Petsche, 2005). 

These results are in accordance with the findings of Volke, Dettmar, Richter, Rudolf and 

Buhss, (2002) in an EEG study exploring chess problems, which revealed that experts as 

compared to non-experts, exhibited higher EEG synchronisation in general, including 

higher delta band synchrony in the posterior cortical regions, as well as stronger right 

hemispheric dominance. Kirk et al., (2009b) also found differences between experts and 

non-experts during an aesthetic judgement task. They show that brain areas associated 

with perceptual processing, memory and reward processing are recruited differentially 

during aesthetic judgement in experts and non-experts, demonstrating that expertise not 

only modulates cognitive processing, but also the response in reward related brain areas. 

Interestingly, Silvia (2006) found that whilst art experts find art more interesting and 

understandable, particularly complex or abstract art, people high and low in art training 

make the same emotional appraisals of art.  

To summarise, whilst art expertise has been associated with structural brain differences, 

higher phase synchronisation and greater efficiency in cognitive and perceptual processes 
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during art related tasks, it is unclear whether these differences are only evident during 

these tasks, or are due to enhanced visual processes generally.  

2.6 Visual art as stimuli   

This section critically reviews the selection and modification procedures employed in the 

wide range of studies, previously discussed, utilizing visual artworks as stimuli to examine 

emotional and psychophysiological responses to art. There are number of issues to 

consider: studies exploring perceptual processes, aesthetic judgement and beauty, for 

example, have not necessarily honoured the integrity of the original, whereas those 

exploring the cognitive and emotional affect of art on the brain have been less likely to 

make any modifications. The selection and source of the images is also discussed.  

Different styles, periods and mediums of art have been employed. Stimuli have been 

described simply as famous paintings (Tommaso et al., 2008), as landscape, portrait 

(Kawabata & Zeki, 2004), and still lifeÕs (Ishizu & Zeki, 2011), as Ôa range of artistic stylesÕ 

(Hansen et al., 2000), Ôunfamiliar paintings by artists from different schoolsÕ (Cela-Conde 

et al., 2009) or, very different styles of art, selected from a book for guidance (Cela-Conde 

et al., 2004). Images have been selected from a wide variety of online sources (Kirk et al., 

2009b; Vartanian & Goel, 2004a,b), art books and catalogues (Augustin et al., 2011; Cela-

Conde et al., 2004, 2009; Lengger et al., 2007). They have been homogenised with 

regard to size (Kirk et al., 2009b; Vartanian & Goel, 2004a), colour spectrum (Vartanian & 

Goel, 2004a, Wiesmann & Ishai, 2010), luminosity and light reflection (Wiesmann & Ishai, 

2010), or with regard to all of these (Cela-Conde et al., 2004, 2009; Hansen et al., 2000). 

The content (Vartanian & Goel, 2004a, Augustin et al., 2011) or proportions have been 

changed (Di Dio et al., 2007, 2011: Noguchi & Moruta, 2013). The resulting images may 

differ considerably from the original artwork.  

Studies which have used visual art as stimuli to explore the effect of art itself on aesthetic 

preference (Cupchik et al., 2009; Vessel et al., 2012), on perception and mental imagery 

(Bhattacharya & Petsche, 2002; Karkare et al., 2009), the effect of context on aesthetic 

judgement (Kirk et al., 2009b), and to explore the brains responses to the artistic status of 
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the images (Lacey et al., 2011), and expertise (Pang et al., 2012) have acknowledged that 

the status of the stimuli as artworks is imperative, and that the viewer must engage the 

stimuli as a work of art (Cupchik et al., 2009). Thus, any modifications to the artworks 

have been minimal, for example the size may have been reduced in order to be able to 

project the image appropriately. It is acknowledged that original paintings contain all the 

visual elements that contribute to their aesthetic value and that the processing of stimuli in 

which the original compositional structure is changed differs from the processing of 

paintings with ÔintactÕ compositional structure (Pang et al., 2012).  

The historical periods the stimuli have been selected for studies ranges from ancient 

Greek classical art (Di Dio et al., 2007, 2011; Noguchi & Moruta, 2013) to the present day 

(Fairhall & Ishai, 2008). Schools of art have included Impressionist, Post Impressionist, 

Renaissance, abstract expressionist, cubist (e.g., Cela-Conde et al., 2004a,b; Di Dio et 

al., 2007, 2011; Wiesmann & Ishai, 2010), and they have come from a variety of cultural 

traditions (e.g., European, Western, American, Chinese, Egyptian, Greek, Roman, Indian, 

Japanese). Representational art, still lives, landscapes and portraits, abstract art and 

indeterminate art have all been employed. The reasons for this include an attempt to 

provide a variety of artistic styles to increase choice (e.g., Cela-Conde et al., 2004a,b; 

Kawabata & Zeki, 2004; Hansen et al., 2000), to control the context (Ôthis is artÕ) that the 

art was perceived in (Kirk et al., 2009a), to explore the effect of evaluation of semantic 

content on aesthetic preference (e.g., Vartanian & Goel, 2004a,b), or the impact of object 

identification on the aesthetic process (Ishai et al., 2007). 

There are few studies where researchers have collaborated with art experts in order to 

identify appropriate stimuli (Fairhall & Ishai, 2008; Lacey et al., 2011; Pang et al., 2012), 

and they do appear to have a more focused research question regarding the choice of art 

as stimuli. Fairhall & Ishai (2008) studied the perceptual dilemma in which apparently 

detailed and vivid images resist identification, using indeterminate paintings by Robert 

Pepperell, and 2 other classes of paintings, representational and abstract by various 

artists. Lacey et al., (2011) used images of art selected by an art historian that were 

chosen as easily recognisable as works of art.  Although Pang et al., (2012) do not appear 

to have collaborated with an art expert regarding their choice of stimuli, they do present a 
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clear rationale for their choice of 50 representational Western professional paintings; 

original paintings which contain recognisable compositional elements and structure which 

contribute to their aesthetic value. 

A fundamental problem with any research into this area is always going to be the art: the 

selection, the reproduction and the context may have the potential to affect outcomes. 

When presenting images of art, be it in a scanner, on a computer screen, or a projection, 

it is always a reproduction of that piece of work. The scale, the texture, the colours, the 

luminosity, the whole experience of that work of art is never going to be reproduced. 

Experiencing the art of Marc Rothko in TATE Modern, the huge, almost floating canvases 

(see Figure 8), cannot be compared to looking at a reproduction, whether as a postcard, a 

poster, in a book, or on a computer screen in a lab. 

Clearly, it is rarely possible to use original artworks in the study of neural responses to art, 

so compromises have to be made. Nevertheless, if the purpose of the research is to 

explore neural responses to art, rather than to perceptual or aesthetic processes, then it is 

imperative the integrity of the artwork is retained as much as possible. The choice of and 

source of the artworks should be carefully considered.  

 

 
Figure 8. Marc Rothko, Untitled, c 1951-52, oil possibly mixed with egg and resins on canvas, 1890 
x 1008mm. 
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2.7 Modern art, aesthetics and beauty  

Virtually all the research discussed above exploring aesthetic judgement, aesthetic 

processing, beauty or neuroaesthetics appears to follow the traditional view, accepted 

from Plato until Kant and beyond, that beauty be considered the paradigmatic aesthetic 

quality. Kieran (1997) describes how when we look at that which is beautiful a certain kind 

of pleasure is experienced, and that it is the contemplation of this beauty that gives rise to 

the pleasure. There appears to be a common, accepted view that there is a standard of 

beauty, of what is aesthetically pleasing and what is ugly.  

But art has always shocked. It has represented, reproduced, and recreated the violence 

and horrors of war, the cruelty of man, madness, and grief. It has been obscene, 

gruesome, hair-raising, disgusting. From GoyaÕs Disaster of War suite of engravings to the 

Chapman brothers remaking of them in Airfix form artists have created a monstrous, 

horrible, repulsive world. Not only do many artworks involve repulsive emotions, but they 

may also use disgusting materials. Chris Ofili is famous for painting intrinsically beautiful 

pictures, with the addition of elephant dung (see Figure 9, The Holy Virgin Mary, 1996, 

below). Andreas SerranoÕs Piss Christ (1987) has a beautiful, golden, luminous light, 

created by the artistsÕ urine. It has been proposed that the appeal of such works lies not 

only in the aesthetic value but also in the grotesquery of the image itself (Kieran, 1997). 

Some may find beauty in these works, others will not.  

Whilst aesthetics was the dominant movement in art until the twentieth century, modern 

art of the twentieth century has changed both what we think of as art and how we think 

about art. Picasso started the move away from aesthetics early in the twentieth century, 

and it has been argued that all various ÔismsÕ of Modern art seem to be departures from 

the norm of beauty (Collings, 1999). Beauty and loveliness do not appear to be high on 

the agenda of modern art, in fact Ôanti-lovelinessÕ seems to be more the norm. In recent 

years using words like ÔqualityÕ or ÔbeautyÕ about art can be interpreted as amateurish 

enthusiasm rather than knowledgeable connoisseurship (Meecham & Sheldon, 2005). 

Modern art can be intimidating, challenging, shocking, and impenetrable, it can be jokey 

and ironical, sometimes rubbish, and sometimes an amazing work of genius. Whilst 
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beauty and loveliness have not disappeared altogether from Modern art, beauty remains 

respectable (Collings, 1999), the tension between beauty and ugliness, seen in Chris 

OffiliÕs The Holy Virgin Mary (1996), Figure 9 below, or the blandness of Alex KatzÕs 

Winter Branch (1993), Figure 10 below, is acknowledged, but it is no longer central to the 

appreciation of art.  

 

 
Figure 9. Chris Offili, The Holy Virgin Mary, 1996, paper collage, oil paint, glitter, polyester resin, 
map pins and elephant dung on linen. 
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Figure 10. Alex Katz, Winter Branch, 1993, oil paint on hardboard 

 

The focus in this thesis is on Twentieth Century art to investigate emotional and cognitive 

responses to visual art. Twentieth century art is the period that embraced change and 

controversy. This was the period which saw art move rapidly from the beautiful Ôbiscuit tinÕ 

portraits of Renoir, to Damien HirstsÕ sharks in formaldehyde, from the landscapes of 

Cezanne to Howard HodgkinÕsÕ abstracts. It is beyond the ambition of this thesis to 

discuss the development of modern art, nevertheless, this was the period that art moved 

away from aesthetics and realism towards innovation and experimentation with form, 

abstraction, materials, techniques and processes (Tate, 2016b). It is an excellent period of 

art to concentrate on to study emotional affect and cognitive responses to art. Without 

manipulation there are totally abstract images, representational pictures and also art 

whose content is indeterminate, not quite recognisable. It also provides the opportunity to 

explore the impact of all these different styles of art. Does abstract art have the same 

emotional affect as representational? Do experts respond differently to non-experts? Are 

we honest when we describe the effect art has on us, or is there sometimes a bit of a 

Ôkings suit of new clothesÕ about our responses? As Shimamura (2012) explains, rather 

than considering the Ôone and onlyÕ aesthetic experience as that overwhelming feeling of 

beauty there are different kinds of aesthetic experiences which may be more focussed on 
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conceptual and perceptual features. To focus simply on aesthetic responses to art is to 

limit receptiveness to the power of art. To focus simply on aesthetic judgement of art or on 

the judgement of beauty is to underestimate the brainsÕ responses to art.  

2.8 Overall Summary  and aims  

The ability to be moved by art appears to be universal. Whilst neurological processes in 

humans may be approximately the same, we may perceive physical images collectively, it 

is clear that personal history, individual experiences, cultural and historical changes, 

fashion, exposure, expectation, context, and even short term perceptual contrast effects 

affect our aesthetic preferences and visceral responses (our deep feelings, emotional 

reactions, rather than reason or thought) to art. Despite this there is an emerging picture 

of brain networks and neural responses which suggest that simply looking at art, or even 

the expectation of looking at art, activates the reward circuitry of the brain, and that 

looking at art recruits greater attentional resources than some other visual stimuli. 

Different types of art and levels of knowledge and expertise have also been shown to 

affect a widely distributed neural network, including perceptual processes but also 

emotional and cognitive processes. This picture suggests that looking at and experiencing 

art involves more than an aesthetic response. Subsequently, not only may BaumgartenÕs 

definition of aesthetics inadequate, but the term itself may now be seen as outdated and 

irrelevant by contemporary artists, art critics and philosophers (Gopnik, 2012; Kelly, 2012). 

They argue that the focus of neuroaesthetics is too narrow and that we should seek to 

understand art more broadly (Brown & Dissanayake, 2009; Kelly, 2012).  

 

The present thesis aims to: 

¥ Investigate the effect of modern visual art on visceral and cognitive 

processes, with the focus on the impact of expertise.  

¥ Initially explore the time course of the visual, visceral, cognitive and 

emotional responses to modern visual art, including representational, abstract and 

indeterminate art, in art-experts and non-experts. This will be done using the ERP 
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technique as it allows precise measurement (millisecond timing) of these 

processes.  

¥ Examine the impact of context and expertise on the visceral affect, 

aesthetic response and memory for contemporary art. Contemporary art will be 

viewed in art galleries, both as original art and as reproductions. This will be done 

to establish the ecological validity of studying the effect of art on neurocognitive 

processes using reproductions of art in a laboratory. 

Explore the effects of contemplating and imagining art on subjective feelings, 

mood, and neural mechanisms. This will be done by employing behavioural 

measures before and after looking at art. Continuous EEG will be recorded during 

the contemplation of original and reproductions of art and during the imagining of a 

memorable artwork to explore functional and topographical differences between 

groups (experts and non-experts) and between contexts (original and reproduced) 

during the perception and imagery of art.  
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Chapter 3: Visceral, visual and cognitive processes in response to twentieth 

century visual art in artists and non -artists. Experiment  1: a Pilot study and 

an EEG/ERP Study  

3.1 Introduction  

Art can arouse emotions in many different ways. Great art is as famous for its provocative 

or shocking content as it is for its beauty and elegance (e.g. GoyaÕs ÔSaturn Devouring his 

SonÕsÕ, PicassoÕs ÔGuernicaÕ, or DuchampÕs ÔFountainÕ). If art is about eliciting an emotional 

response (Solso, 2003), for making you want to go ÔAAAAAARRRGGGHHHH, ha, ha, ha, 

ha!Õ (Januszczak, 2008) it is not necessarily about beauty but also about shock, disgust 

and even disinterest. The first pilot study of this thesis aims to identify a range of stimuli 

with which to explore emotions experienced in response to modern art. These stimuli will 

then be used to investigate differences in the neurocognitive mechanisms involved in the 

affective response to three different categories of art; abstract, representational and 

indeterminate, using a traditional oddball paradigm, and event-related potentials (ERPs).  

As discussed in Chapter 1 the ERP technique provides a methodology that can directly 

measure the neural events in response to visual art with high temporal precision; ERPs 

reflect ongoing brain activity with no delay (Luck, 2012). They can also ÔcovertlyÕ assess 

cognitive responses when overt behavioural responses cannot be reliably obtained, or to 

record disassociations between ERP activity and behavioural responses (Luck, 2012).  

The oddball paradigm (which is similar to a continuous performance task) is often used in 

the investigation of ERP components. In this paradigm two classes of stimuli are used, a 

frequently occurring standard non-target stimulus and an infrequently occurring target 

Ôoddball Ôstimulus. The frequency of the stimuli, for example, may be 80% repetitive non-

target stimuli, 20% infrequent target stimuli, each presented briefly (e.g., 100-200ms), with 

the interval in between the onset of each stimulus normally 1000-2000ms. Typically, 

participants make some sort of manual response to or count the oddball stimuli. When 

visual stimuli are presented the initial ERP response begins about 50ms post stimuli 

(Luck, 2012).  
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ERP studies of emotion, typically using affective pictures as stimuli (see Chapter 1), have 

identified the 5 components sensitive to emotional content and the time course of 

emotional processing of the stimuli as P1, N1/N170, P2, N2 and P3 (Hajcak et al., 2012). 

Often the focus of research has been two emotional components, first the early posterior 

negativity (EPN), a negative potential over the visual cortex in the N2 latency range, and 

secondly, the late positive potential (LPP), a positive potential that usually has the same 

onset time and scalp distribution as the P3 component, but which may extend over many 

hundreds of milliseconds (Luck, 2012). Subsequently, the ERP components of interest in 

this study are the exogenous P1, N1, P2, N2, and the endogenous P3 and LPP. As 

previously described in Chapter 1, exogenous components are those that are unavoidably 

triggered by exposure to the stimulus, but which may be modulated by top-down 

processes, whereas endogenous components reflect neural processes that are entirely 

task dependent (Luck, 2012). The reasons why these components are of interest in this 

study are explained below. 

 

P1 component: The P1 is the first positive ERP component and peaks approximately 

100ms after stimulus exposure, is influenced by attention and arousal (Hillyard, Vogel & 

Luck, 1998; Vogel & Luck, 2000) and is sensitive to a number of early visual perception 

inputs including luminance and contrast (Bradley et al., 2007).  

N1/N170 component: The visual N1 is indexed to the allocation of attentional resources, 

which influence the selection and discrimination of perceptual features such as colour, 

luminance or motion (Anllo-Vento & Hillyard, 2006; Vogel & Luck, 2000).  The N170 is a 

robust and frequently reported component associated with face processing and 

recognition research (Rossion & Jacques, 2008), it is also consistent with expertise. An 

enhanced N170 has been reported in response to dogs, in dog experts, birds, in bird 

experts, and fingerprints, in fingerprint experts (Busey & Vanderkolk, 2005; Tanaka & 

Curran, 2001), and perhaps to art, in art experts. 

 

P2 component: Although little is known about the positive going P2 component it is 

associated with higher level perceptual and attentional processing of visual stimuli (Hajcak 
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et al., 2012; Luck & Hillyard, 1994), and has shown greater amplitudes in response to 

emotional stimuli and affective pictures, than to neutral (CarretiŽ et al., 2001, 2004; 

Delplanque et al., 2004; Olofsson & Polich, 2007).  

N2/EPN component: The N2 appears to index selective attention to specific stimulus 

features such as colour, shape and form (Codispoti et al., 2006), and to reflect the actual 

process of categorizing the stimulus (Luck, 2012). It has previously been explored with 

regard to the processing of style and content in visual art (Augustin et al., 2011), with the 

onset of the potential appearing to be slightly later in response to style than to content. 

Tommaso et al., (2008) report increased amplitude of the N2 in response to neutral rather 

than to beautiful pictures attributing this effect to the difficulty of discriminating neutral 

pictures from beautiful. Although it is not clear whether an enhanced early posterior 

negativity (EPN) is equal for both pleasant and unpleasant stimuli (e.g. CarretiŽ et al., 

2004), Luck (2012) reports that it is enhanced for those with a positive valence.  

P3 or P300 component: The P3 component is the most common of the endogenous 

components and has been reported to be sensitive to beauty and aesthetic discrimination 

of artworks, attributed to increased attention (Tommaso et al., 2008). It is most often 

observed in the oddball paradigm, with the oddball stimuli eliciting a much larger P3 than 

standard stimuli. The P3a is associated with executive function and orientation of attention 

to task irrelevant stimuli whereas the P3b is sensitive to task relevant probability. The P3b 

is thought to reflect working memory updating (e.g., Vogel et al., 1998 as cited by Luck & 

Kappenman, 2012) and the formation of memory representations (Polich, 2007a.  

Late Positive Potential (LPP): The late positive potential (LPP) is an emotion-related 

positive component that typically has the same onset time and scalp distribution as the P3 

wave, but it may extend for hundreds of milliseconds and may become more centrally 

distributed over time. The amplitude of the LPP has been correlated with subjective 

arousal ratings for stimuli, suggesting that it mirrors subjective emotional experience 

arousal (Duncan-Johnson & Donchin, 1977; Polich, 2007a), and attention (Hajcak et al., 

2012).  
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Emotional responses to art clearly are not confined to those associated with beauty and 

loveliness, but also those associated with ugliness or disgust, anger or contempt. Yet 

previous research with regard to visual art has tended to focus on the neural responses to 

beauty (e.g. Di Dio et al., 2007; Kawabati & Zeki, 2004; Tomasso et al., 2008), rather than 

unusual emotions such as confusion or contempt, or surprise or embarrassment (Silvia, 

2009). Imaging research has employed variations in aesthetic judgement to isolate neural 

reactions to aesthetic responses, rather than reactions to particular features of an artwork 

(e.g., Kawabata & Zeki, 2004; Salimpoor et al., 2011). Most studies have used stimuli that 

generated wide agreement regarding their beauty, or lack of it (e.g., Kawabata & Zeki, 

2004; Tomasso et al., 2008), few have explored variation in the degree of arousal rather 

than response to beauty and preference (e.g., Vessel at al., 2012) leaving little room for 

individual aspects of subjective aesthetic experience.  Rather than considering the 

aesthetic experience as that overwhelming feeling of beauty, different kinds of aesthetic 

experiences may be more focussed on conceptual and perceptual features (Shimamura, 

2012), or on emotional responses, both positive and negative (Silvia, 2009). To focus 

simply on aesthetic responses to art is to limit receptiveness to the power of art. To focus 

simply on aesthetic judgement of art or on the judgement of beauty is to underestimate 

the effect of the raw visceral response on the neurological responses to art. In light of this 

it is the aim of the first EEG study of this thesis to focus on the visceral and emotional 

responses during the perception of visual art, rather than aesthetics, or simply the 

judgement of beauty. 

Models of aesthetic processing proposed by Chatterjee (2004a) and Leder et al., (2004) 

posit that the emotional response to art is what distinguishes the aesthetic response from 

responses to other visual stimuli, and that it involves not only perception but memory, 

cognitive mastering (measured by the amount of expertise), evaluation and knowledge. 

Chatterjee (2004a) suggests that the early and intermediate processes are ÔhardwiredÕ 

into the brain and are probably universal and that the subsequent emotional response 

involves widely distributed neural circuitry. The models of Leder et al., (2004), of 

Chatterjee and Vartanian (2014) and of Silvia (2009) all appear to suggest that it is the 

evaluation of the stimuli, the interest and attention given to it, which provokes the 
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emotional response. Whereas Leder et al (2004) and Chatterjee (2004a) associate this 

response with liking and wanting, or pleasure, SilviaÕs model (2009) acknowledges that 

modern art may also cause confusion, which may require more attention or effort to 

determine whether avoidance or withdrawal is required.  

Despite extensive research into the neural correlates of the effect of expertise in the music 

and auditory domain (e.g. Bhattacharya & Petsche, 2005; Koelsch, Schmidt & Kansok, 

2000; Mikutta, Maissen, Altorfer, Strik & Koenig, 2014; Tervaniem et al., 2009; Williamson 

& Egner, 2004), there has been relatively little research into the effect of expertise on 

visual perception of art. The limited research that does exist has revealed differences in 

brain activity, specifically in the reward related areas, whilst performing art-related tasks 

(Bhattacharya & Petsche, 2002; Solso, 2001), whilst making aesthetic judgements (Kirk et 

al., 2009b), and during the contemplation of art (Pang et al., 2012). A relevant question to 

consider, therefore, is whether formal art training impacts on the various, complex 

cognitive, evaluative and affective processes involved in the contemplation of art. Whilst 

previous ERP research suggests that artists should demonstrate an enhanced P3 in 

response to arousing artworks due to their increased attention to and memory for art, 

Pang et al., (2012) propose the opposite, expertise reduces the response due to 

increased neural efficiency. As such, it will be interesting to explore the effect of expertise 

on visceral responses to modern art. 

 

As previously discussed (in Chapter 2) the twentieth century was a period of radical 

change in art. Art moved away from aesthetics and realism and embraced impressionism, 

fauvism, cubism, abstraction, expressionism, abstract expressionism, minimalism, photo-

realism, and many other ÔismsÕ. Art did not abandon beauty altogether but moved towards 

an opinion that beauty was no longer the norm, that blandness, horror, revulsion were 

equally acceptable. It is a period of art that embraced controversy, changed how we think 

about art, and what we think of as art. Twentieth century art provides artworks ranging 

from biscuit tin sweetness to stomach churning revulsion with which to explore visual, 

emotional and cognitive responses to art. Twentieth century art was and remains 

controversial, responses to this period of art are not simply about beauty and loveliness, 
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but must include negative emotions such as confusion or disgust. It also provides us with 

a great range of stimuli with which to study perceptual, emotional and cognitive processes 

in response to art. Without any manipulation there are totally abstract images, 

recognisably representational and also art whose content is indeterminate, not quite 

recognisable 

Ishai et al., (2007) classified art into three categories, Representational Art (RA), 

Indeterminate Art (IA) and Abstract Art (AA) and tested whether viewers perceived 

recognizable objects in these three types of art, in order to assess to what extent 

judgement of affect depended on the recognition of content in the paintings. Indeterminate 

art, in which objects are ephemeral, invokes a perceptual conundrum, the viewer 

apparently sees detailed and vivid images, but they remain unrecognised. They evoke an 

unusual state of awareness; formal aspects of perception (colour, shape, motion) become 

dissociated from the semantic aspects. Representational or figurative art, on the other 

hand, represents reality in a straightforward way, it retains strong references to the real 

world, yet artists seek to provide the viewer with more than a view into reality, they intend 

to evoke subjective reactions to the stylistic and structural properties of their work. In 

contrast, abstract art depicts neither natural forms nor objects, but uses line, colour and 

shape to evoke emotional and aesthetic responses.  

Ishai et al., (2007) propose that indeterminate artworks, a category of art that is neither 

representational nor abstract, comprise a rich set of stimuli with which the neural 

correlates of visual perception can be investigated. Using representational art as stimuli to 

explore the emotional affect of visual art may mean that it is difficult to differentiate 

between emotions evoked by the subject matter, the content of the painting (i.e. faces, 

birds, dogs or even fingerprints), or whether it is because of how the content has been 

interpreted by the artist, or the viewer. Earlier studies have removed objects from 

representational artworks (Augustin et al., 2011; Vartanian & Goel, 2004a), but this 

obviously changes the whole meaning, the intention of the work.  As such, comparing the 

emotional affect of representational art directly with abstract art, art that has no 

recognisable subject matter, creates difficulties in interpretation. The effect reported may 

be as a result of object perception, rather than the affect of the art. Whilst perception and 
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memory for visual art depends on semantic aspects, affect depends on formal visual 

features, regardless of the nature of the paintings or their colour (Ishai et al., 2007). By 

comparing the responses to these 3 different types of art we hope to be able to 

differentiate those responses influenced by semantic content as opposed to other visual 

features of the artworks, with differences in ERP amplitude being most extreme between 

RA and AA in the non-expert group. 

 

The findings of a number of behavioural studies investigating preference for different 

styles and schools of art (see Chapter 2) reveal that there is little consensus. Whilst 

representational paintings have been found to be preferred to abstract (Di Dio & Gallese, 

2009; Vartanian & Goel, 2004; Wypijewski, 1997), suggesting that semantic content drives 

preference, when art has been created specifically to please the greatest number of 

people, in response to their aesthetic taste and preference, the results are not always 

pleasing. AmericaÕs Most Wanted and AmericaÕs Least Wanted paintings, created in 

1990Õs by Komar and Melamid, demonstrate that what people say they prefer may not be 

what they do actually prefer. When they created artworks in response to preference 

questionnaires, the resulting pictures were not universally liked, or disliked, but were seen 

as a satirical comment on society that had, perhaps, too much faith in numbers. See 

Figures 11 and 12 below. 

Although little difference in aesthetic preference between abstract, indeterminate and 

representational art has been reported, the longer a painting is looked at the more likely it 

is subsequently rated as aesthetically affective (Ishai et al., 2007) and the more it is liked 

(Vartanian & Goel, 2004). The findings of a number of behavioural studies investigating 

preference for different styles and schools of art (see Chapter 2) also reveal little 

consensus. Nevertheless, whilst preference appears to be highly individual, and 

independent of the presence or absence of any meaningful content (Vessel & Rubin, 

2010), the ability to be moved by art appears to be a universal trait (Solso, 2003). 
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Figure 11.  AmericaÕs Most Wanted Painting, Komar & Melamid, 1990Õs 

 
 
 

 
 
Figure 12. AmericaÕs least Wanted Painting, Komar & Melamid, 1990Õs 
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The objective of the first empirical EEG study of this thesis is to identify the neurocognitive 

mechanisms involved in the early perceptual and affective responses to twentieth century 

art in artists and non-artists. 

Subsequently, this experiment was conducted with four aims in mind.   

¥ To examine how the affective response to visual art impacts on 

emotion/arousal and behavioural measures of cognitive performance, in both 

artists and non-artists, using EEG. 

¥ To examine the moderating effects of category of art (abstract, 

representational, indeterminate) on the above mentioned measurements. 

¥ To examine both endogenous and exogenous ERP components elicited by 

an oddball paradigm to investigate the perceptual and emotion/arousal affect 

of twentieth century art.  

¥ To examine the moderating effects of expertise on the above mentioned 

points. 

It was decided to investigate both endogenous (early, dependent on external factors) and 

exogenous (later, dependent on internal psychological factors) perceptual and emotional 

responses to twentieth century art, in experts (artists) and non-experts (non-artists), 

employing EEG. The ERP components, P1, N1, P2, N2, P3 and LPP were the 

components of interest, elicited in response to the three different categories of modern 

twentieth century art, AA, RA, and IA.   

 

It was expected that: 

¥ Expertise would influence the rating of affect of the different categories of 

art; artists would more frequently rate all artworks as having high affect than non-

artists, but particularly in response to abstract art. 

¥ Both groups would demonstrate greater ERP amplitude in response to 

representational and indeterminate art than to abstract due to the actual or 

perceived semantic content.  
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¥ In contrast to Pang et al., (2012) in response to all three categories of art 

the artists would show larger ERP magnitude than the non-artists, with a more 

pronounced difference between the groups in response to abstract art, due to their 

increased interest and expertise.  

¥ The artists would show greater magnitude in the early ERP components 

than the non-artists at occipito-parietal sites (P1 and P2), and at frontal sites (N1 

and N2), in response to all 3 stimuli, indexing increased attentional resources, with 

a larger P3 and LPP at centro-parietal sites, indexing greater emotional arousal. 

¥ Further, these processes would be most pronounced in response to 

representational art due to its recognisable compositional elements and structure, 

with the differences between the two groups (artists and non-artists) being most 

extreme in response to abstract art. 
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3.2 Pilot Study  

3.2.1 Introduction  

A pilot study was conducted to identify appropriate stimuli for the ERP experiment. In 

order to explore the endogenous and exogenous, visual, emotional and cognitive 

processes in response to modern art a range of representational, abstract and 

indeterminate artworks from twentieth century art were required. 

 The speed with which subjects would identify the class of painting was also of particular 

interest. Different response times can be seen as an indication that the artworks are 

categorised correctly. When compared with representational paintings subjects take 

longer to recognize familiar objects in indeterminate and abstract art works (Ishai et al., 

2007; Fairhall & Ishai, 2008). This suggests an automatic recognition of objects when they 

are explicitly depicted, but more effortful cognitive processes when they are not. We 

hypothesized that subjects would rapidly identify that there was no recognisable content in 

AA, but would take longer to recognize content and differences between RA and IA.  

It was important for the purposes of the ERP experiment that we chose stimuli that were 

a) recognised as fine art, b) were the work of internationally recognised artists, c) were 

from the twentieth century (modern and contemporary art), d) the images selected were 

high quality reproductions, and finally, e) no manipulation or modification, other than size 

was required. 

 

3.2.2 Method  

Participants 

43 participants (35 female, 81.4%) with ages ranging from 18-65 years (mean 25.26, SD 

10.59) took part in the pilot. 23 were from a convenience sample, 20 were psychology 

undergraduates who participated for course credits.  6 participants reported further 

education or expertise in art or design, 6 had visited an art gallery more than 4 times in 

the previous 12 months, whilst 37 had not visited an art gallery at all in the last 12 months. 

All reported that they had normal or corrected -to -normal vision.  Written informed 
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consent was obtained from all volunteers after explanation of the projects rationale.  

Ethical approval was obtained from the School of Life Sciences Ethics committee at 

Northumbria University. 

Stimuli 

The artworks selected as stimuli were all by artists from ÔThe Times Top 200 Artists of the 

Twentieth Century to NowÕ, a poll run in conjunction with the Saatchi Gallery to discover 

who the was considered the greatest artists working since 1900, published online in June 

2009 (www.thetimes.co.uk/tto/arts/visualarts/article2423361.ece.). 800 artists were 

originally suggested and over 1 million readers (of The Times) and visitors (to the Saatchi 

Gallery) nominated their favourite artist from that list, resulting in a final list of 200 of the 

most influential painters, sculptors, photographers, video and installation artists of the 

period. Artists from this poll were used in an attempt to both eliminate the effect of 

personal bias and to ensure a wide a range of artists, styles, schools of art, subject matter 

and medium. Consequently, 33 of the artists on the list were not included for two main 

reasons; i) they are sculptors, ii) there is no work accessible in national collections. The 

artworks chosen are by the remaining 167 internationally recognised twentieth century 

artists on the list, whose styles range from representational portraits of Lucien Freud, to 

abstract expressionism of Jackson Pollock or the strange world of Francis Bacon (see 

Figure 13). To attempt to avoid potentially offending or upsetting any participantsÕ images 

that depicted extreme violence or horror or which contained strong religious or sexually 

explicit imagery were also avoided. All works selected were 2-dimensional images to 

ensure accurate reproduction on the computer screen. Paintings, drawings, mixed media 

and photographs, portraits, animals, landscapes, abstract shapes and forms were all 

included.  

High quality jpeg files of the pictures were downloaded from the online collections of the 

National Galleries of England and Scotland, Museum of Modern Art (MoMA), Tate, or by 

kind permission of the artist (David Hockney, Inc.). This ensured that not only the highest 

quality possible of images of the artworks was obtained, but also that they were 
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acknowledged as representative of the artist and worthy of belonging in a national 

collection.  

In order to be able to reproduce the artworks on a computer screen the pictures were 

resized to fit within a 730x730 pixel format, with a resolution of 96 dpi (dots per inch).  

Whilst this resulted in changes to the scale of the images (the scale of the originals 

ranged from 303 x 378 mm, to 3136 x 2254 mm), this was the only adjustment made in an 

effort to retain the integrity of the image. No changes were made to the original colour or 

luminance. Graphic manipulation of the stimuli was done using Paint.NET v3.5.8. All 

stimuli were presented in the centre of the screen on a white background. 

466 artworks were selected. Of these 450 were used as task stimuli with the aim of 

identifying 300 to be used in the experiment, 7 were used as examples and 9 were used 

as practice stimuli. The complete catalogue of stimuli, examples and practice stimuli is 

listed in Appendix 2a, b and c. 

Each target stimuli was followed by a rating screen, with a scale of 1 to 9, with 1= 

Definitely Representational, 5= Definitely Indeterminate and 9= Definitely Abstract. 

 

Materials and Apparatus 

Demographics: A short questionnaire to gather demographic information regarding age, 

gender, education and art education, any visual impairment and average annual number 

of visits to art galleries (Appendix 3). 

Familiarisation and task: The task was conducted in 6 blocks. The first was a 9-trial 

familiarisation block using artworks not presented during the main task (see Appendix 2c). 

Each picture was presented for 3000ms, displayed on a black screen. A rating screen 

presented for up to 3000ms immediately followed each picture. The rating screen 

disappeared as soon as the participant responded. Only when the participant had rated 

the previous picture was the next picture presented. Each experimental block contained 

90 art stimuli and 90 rating screens. All stimuli were presented randomly and each block 

presented randomly to each participant.  
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Testing took place in a quiet room at a variety of locations. The task was presented on an 

Acer Travelmate 2700 computer, with a 15.4 in. screen. It was programmed using Visual 

Basic v6. 

Procedure 

After written consent was obtained a short demographic questionnaire was completed. 

Participants were seated on a comfortable chair with the laptop computer on a table at a 

comfortable distance from them. The task was completed with no breaks. They were told 

that the study was about 3 categories of visual art; representational, abstract, and 

indeterminate.  They were then given a definition of each of these categories and 3 

example pictures for each definition (Appendix 2b). The definitions were: 

 

Representational art: Ôrepresents reality in a straightforward way, retains strong 

references to the real worldÕ (TATE, 2010). 

Abstract art: Ôsimplified forms, not related to anythingÕ (TATE, 2010). 

Indeterminate art: Ôhighly suggestive of forms but not exactly descriptive of themÕ 

(Fairhall and Ishai, 2008). 

 

They were then told that they were going to see a lot of pictures of art, each one of which 

they were required to make their own judgement regarding which category they thought 

they belonged in, using a visual analogue scale of 1-9. Immediately after each picture 

presentation the rating scale appeared with 1= Definitely Representational, 5= Definitely 

Indeterminate and 9= Definitely Abstract. They were asked to use all the numbers on the 

scale and if they were unsure which category the artwork belonged to they should choose 

a number in between two categories. They were instructed to try to make their decision as 

quickly as possible, but it was not a reaction time test.  

On completion of the task participants were thanked and given the opportunity to ask any 

questions. Finally, they were given a debrief sheet. Total time of the experiment was 

about 1 hour. 
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Mark Rothko, Light Red 
over Black, 1957, oil on 

canvas, TATE 

 
August Renoir, Peaches and 

Almonds, 1901, oil on 
canvas, TATE 

 

Henry Moore, Tube Shelter 
Perspective: The Liverpool 

Street Extension, 1941, 
gouache and ink, TATE 

  

 

Jackson Pollock, Yellow 
Islands, 1952, oil on 

canvas, TATE 

Edward Hopper, Gas, 1940, 
oil on canvas, MoMA 

Francis Bacon, Study of a 
Dog, 1952, oil on canvas, 

TATE 

 

 
 

 
 
 

 

Anish Kapoor, Untitled,  
1987, 

gouache on paper, TATE 

Lucien Freud, Francis 
Bacon,  

1952, oil on canvas, TATE 

Peter Doig, Ski Jacket, 
 

1994, oil on canvas, TATE 

 

Figure 13. Examples of artworks by 9 different artists selected from ÔThe Times Top 200 Artists of 
the Twentieth Century to NowÕ, and the online collections from which the reproductions were 
selected. 
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3.2.3 Results  

The mean rating for each picture was calculated. The 100 pictures with the lowest rating 

(range 1.02 - 2.88) were categorised as Representational Art (RA), the 100 with the 

highest rating (range 7.91 Ð 8.84) were categorised as Abstract Art (AA), whilst the 100 

pictures rated in the middle of the scale (range 4.49 Ð 6.56) were categorised as 

Indeterminate Art (IA). The remaining 150 pictures were excluded from further analysis.  

 

Table 2 (below), shows the mean rating of the category of art score (and SD) and the 

response latency (and SD) for the 100 pictures selected for each of the 3 categories of art 

(AA, RA and IA). This data tells us that the mean rating for art categorised as abstract was 

8.4, for representational art the mean rating was 2.11 and the mean rating was 5.5 for 

indeterminate art. The response latency was faster during the categorisation of abstract 

art (990ms) and longest for indeterminate (1360ms), with the decision regarding 

representational art taking 1080ms. 

Table 2. Ratings of category of art and response times (Mean and SD) of the 100 pictures selected 
for each of the 3 categories of art, Abstract Art (AA), Representational Art (RA) and Indeterminate 
Art (IA). 

 

 Rating  Response Latency 
(ms)  

 
Abstract Art (AA) 

 
8.4   (0.25) 

 
990   (0.23) 

 
Representational 
Art (RA) 

 
2.11 (0.55) 

 
1080  (0.22) 

 
Indeterminate Art 
(IA) 

 
5.5   (0.6) 

 
1360  (0.21) 

 
 
 

Initial analyses of covariance were carried out on the data to investigate the moderating 

effects of age, gender, years of art education, and number of gallery visits. However, as 

none were significant (p > .05) they are not discussed further. Post hoc analyses were 

conducted using the Bonferroni procedure with a significance level of p < .05 unless 
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otherwise stated. Where the data failed the sphericity test (p < .05) the Greenhouse-

Geisser test was substituted. 

A One Way Within Subjects ANOVA was carried out to compare the effect of the category 

of art (AA, RA, IA) on the mean response latency. This analysis revealed that the category 

of art had a significant effect on the mean response latency, (F(2,41) = 38.53, p<.001, 

!"p= .65). Pairwise comparisons using the Bonferroni procedure, revealed overall 

significant differences in the mean response latency between all categories of art. The 

time taken to categorise AA was significantly faster than that taken to categorise RA or IA, 

and the time taken to categorise IA was significantly longer than for RA (AA<RA, p<.001; 

AA<IA, p<.001; RA<IA, p<.001).  

3.2.4 Discussion  

This pilot study was conducted to identify a range of stimuli for the first EEG/ERP 

experiment. The aim was to select 300 images of modern artworks from national and 

international collections, by artists recognised as some of the Top 200 Artists of the 

twentieth century, which could be categorised as Representational, Indeterminate or 

Abstract. To support the mean categorisation rating of the artworks the mean response 

latency was also of interest, with the latency for art categorised as abstract expected to be 

shortest, and that for indeterminate art the longest.  

The result is a set of two-dimensional artworks of various media and subject matter, which 

have been categorised as Representational, Indeterminate or Abstract, with 100 images in 

each category. That these stimuli sets represent the different categories of art is 

supported by the time taken to identify the appropriate category. There were significant 

differences in the time taken between all three categories of art. Artworks categorised as 

IA had significantly longer response latency than both RA and AA, supporting previous 

findings. Ishai et al., (2007) suggest that the increased time taken to recognise familiar 

objects, whether ambiguous or suggestive or when easily recognised, indicates more 

effortful cognitive processes are employed, whilst Augustin et al., (2011) found that the 

content of the art was processed faster than the style. In this case the processing of AA 

was faster than for either RA or IA because the lack of recognisable objects or content 
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was swiftly perceived, whereas the processing of RA was faster than IA because familiar 

objects and content were more easily recognised than in IA, which required more 

cognitive processing than either of the other two types of art, due to the indeterminancy of 

the images. 
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3.3 EEG/ERP Study  

3.3.1 Method  

Design 

A mixed model design, 2x3x3 factor, target/standard/novel oddball task was used. The 

between subject factor was group (artists and non-artists). The within-subjects factors 

were stimulus type (3 levels, target/standard/novel) and category of art (3 categories, 

AA/RA/IA). Measurements of rating of affect and reaction time taken by the participant to 

make an affect rating were taken. Measurement of reaction time was measured in 

milliseconds (ms) from stimulus onset to button press response. The mean frequency of 

pictures rated for low and high affect judgements was calculated separately. Low affect 

was categorised as those with a rating of 1-3, whilst high affect was categorised as having 

a rating of 5-7. Those with a rating of 4 were excluded from further analysis. 

For data reduction purposes and to address the research questions (to identify the 

neurocognitive mechanisms involved in the early perceptual and affective responses to 

three categories of twentieth century art in artists and non-artists)  outlined above (section 

3.1), the primary focus was the search for main and interaction effects for the factors of 

group and stimulus type.  

Participants 

A total of thirty-six participants took part in the study.  Nineteen were non-artists (5 males). 

Seventeen were artists (5 males). Artists were classified as such if they identified 

themselves as a visual artist, had more than 3 years higher education in Fine Art, and 

were working in the visual art domain at the time of the study, e.g. as an artist, art 

historian, curator, advisor. Any potential participants who identified themselves as visual 

artists, but did not meet the other criteria were excluded from taking any further part in the 

study. Similarly, those who met the criteria for an artist, but did not identify themselves as 

such were also excluded. Artists reported visiting art galleries more than 6 times per 

annum, whereas non-artists reported fewer than 3 visits per annum. All were recruited 

from the Universities of Northumbria and Newcastle staff and undergraduate or graduate 
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populations. Artists were also recruited from artist networks. All were right handed, fluent 

English speakers and reported normal or corrected to normal vision and no history of 

neurological damage. All were fluent English speakers. All participants gave informed 

written consent. Ethical approval was obtained from the School of Life Sciences Ethics 

committee at Northumbria University. Participants were paid (£10) or were given course 

credits for their participation. Further participant information is given in Table 5. 

Stimuli 

The target stimuli were 300 pictures of visual art representing three classes of art (see 

Figure 14 below), Abstract Art (AA, n.100), Representational Art (RA, n.100), and 

Indeterminate Art (IA, n. 100). Stimuli were selected on the basis of a previous pilot study 

(see above). The pictures were resized to fit within a 730x730 pixel format, with a 

resolution of 96 dpi (dots per inch), without changing the original proportions. The non-

target frequent (FSS) stimulus (n. 1800) was a green square and the non-target rare 

(RSS) stimulus (n. 300) was a red circle. The size of both non-target stimuli was 397 x 

397 mm, 150 x 150 pixels. Each stimulus was preceded by a black centred fixation cross. 

All stimuli were presented in the centre of the screen on a white background. Each target 

stimuli was followed by an affect rating screen, with a scale of 1 to 7, with 1= no affect at 

all and 7= lots of affect.  
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Abstract Art Representational Art Indeterminate Art 

   

 

 
 

 
 

 

 
Figure 14. Examples of the three categories of art; Abstract Art (AA), Representational Art (RA) 
and Indeterminate Art (IA). 
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Materials 

National Adult Reading Test (NART): This is a brief vocabulary test usually used as a 

measure of premorbid intellectual ability, but which also provides a valid estimate of WAIS 

IQ (Weschler Adult Intelligence Scale ; Crawford, Parker, Stewart, Besson & De Lacey, 

1989).  Participants read 50 short words with irregular pronunciation out loud and were 

given a point for each word pronounced correctly, according to Collins English Dictionary 

conventions (Coltheart, Patterson & Marshall, 1987).  

Toronto Alexithymia Scale (TAS-20): This is a widely used 20-item, self-report instrument, 

with a 5-point Likert rating format. It is often used as a measure of alexithymia, or 

emotional intelligence (Parker, Taylor & Bagby, 2001). The TAS- 20 consists of three 

factors: difficulty identifying feelings (Factor 1), difficulty describing feelings (Factor 2), and 

externally-oriented thinking (Factor 3) (Parker, Taylor & Bagby, 2001). 

These instruments were administered to indicate general and emotional intelligence levels 

(Appendices 4 and 5, respectively).  

Familiarisation and oddball task: The task was conducted in 5 blocks. The first was a 9 

trial familiarisation block, followed by 4 experimental oddball blocks. See Figure 15 below 

for a reproduction of the experimental paradigm.  After each block there was an 

opportunity for a break. Each experimental block contained 75 art stimuli, 75 rating 

screens, 75 rare simple stimuli; red circles (RSS), and 450 frequent simple stimuli; green 

squares (FSS). All stimuli were presented randomly, and each block was presented 

randomly to each participant. Before each stimulus a fixation cross appeared for 500ms; 

the non-target frequent stimuli (green square) were presented for 500ms, the non-target 

rare stimuli (red circle) were presented for 750ms and the target stimuli (art) were 

presented for between 1200 -1500ms. A rating screen presented for up to 3000ms 

followed each target stimulus. The rating screen disappeared as soon as the participant 

responded. The choice of presentation time of the target stimuli, the art, of between 1200 

and 1500ms, and 3000ms for the response screen, was based on the mean response 

times for classification of categories of art in the Pilot Study (990-1360ms).   The 
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probability of the target/rare stimuli to the frequent stimuli was 12.5% :- 75% (see 

Tommaso et al., 2008 for a similar approach). Each stimulus was preceded by a black 

centred fixation cross. Each target stimuli was followed by an affect rating screen, with a 

scale of 1 to 7, with 1= no affect and 7= lots of affect.   

 

 
 
Figure 15. A reproduction of the experimental paradigm, showing the succession of target (1200-
1500 ms), frequent (500ms) and rare (750ms) non-target stimuli, and fixation cross (500ms). After 
each target stimuli the rating screen appeared for up to 3000ms, during which time participants had 
to give the target stimuli a visceral affective rating (from 1 to 7).  

 

Apparatus 

Testing took place in the EEG lab at Northumbria University. The oddball task was 

presented using E-Primeª presentation software (E -Prime 2.0, Psychology Software 

Tools) on a Windows desktop PC, 17 1/2-inch colour monitor. EEG was recorded using 

the ActiView acquisition programme and the Biosemi Active Two, multi channel, high-

resolution measurement system (Biosemi, Amsterdam, Netherlands). BDF file-format 

conversion to Neuroscan CNT file-format was converted using Polyrex (Kayser, 2003). 

ERP averaging was carried out off-line using Neuroscan SCAN 4.3 software 

(Compumedics, El Paso, TX).  
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EEG/ERP recording and data reduction 

EEGs were recorded from 32 electrodes mounted on an elastic electrode cap (Biosemi, 

Amsterdam, Netherlands) based on the extended international 10-20 system (Jasper, 

1958). The montage included 4 midline sites (Fz, Cz, Pz, Oz), 14 sites over the left 

hemisphere (FP1, AF3, F3, F7, FC1, FC5, C3, T7, CP1, CP5, P3, P7, PO3, O1), and 14 

sites over the right hemisphere (FP2, AF4, F4, F8, FC2, FC6, C4, T8, CP2, CP6, P4, P8, 

PO4, O2), see Figure 16 below. All EEG recordings were referenced to linked mastoid 

processes, reference electrodes were placed on the left and right mastoid. To assess eye 

blink movement, electrodes were placed above and below the right eye to record the 

vertical electrooculogram (EOG). All signals were digitized at a rate of 2048 Hz, with a 

recording epoch of -200 ms to 1400ms and bandpass filtered between 0.5 and 30 Hz for 

offline analysis. Automatic eye blink correction, artifact rejection (values outside the range 

of #75 µV to +75 µV), and ERP averaging was carried out off-line. Target trials with no 

behavioural response in the interval of 100 Ð 1500 ms were excluded.  

Prior to data analysis, the data from 6 participants (4 non-artists, 2 artists, all female) were 

discarded due to technical difficulties during data acquisition. Data from 4 participants (2 

non-artists, 1 male, 2 female artists) were discarded because of excessive artefacts found 

in the EEG data. Therefore the total number of participants included in each of the grand 

averages for encoding was 13 artists (5 males) and 13 non artists (4 males). After eye-

blink correction and removal of trials with artefacts, the remaining trials were used in the 

analysis of each groupÕs responses to the stimuli. A category for individual participants 

was rejected for averaging if the number of artefact free trials was less than 16 per stimuli. 

ERP waveforms were created through averaging EEG data for each of the 5 stimuli, non-

target frequent stimuli (FSS), non-target rare stimuli (RSS), abstract art (AA), 

representational art (RA) and indeterminate art (IA), for each group. See Table 3 for the 

total (and mean) number of artefact free accepted trials analysed for each group; artists 

and non-artists, and for each stimuli; FSS, RSS, AA, RA and IA. Within target stimulus 

type, the number of accepted trials (and mean) was further subdivided according to level 

of affect. 
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Table 3. Total (and mean) number of artefact free accepted trials analysed for each group; Artists 
(A) and Non-Artists (NA) and for each stimuli; Frequent Standard Stimuli (FSS), Rare Standard 
Stimuli (RSS), Abstract Art (AA), Representational Art (RA) and Indeterminate Art (IA). Within 
stimulus type, the number of accepted trials (and mean) is then further subdivided according to 
level of affect; low or high affect. 

 

Stimuli 

Frequent 
Standard 
Stimuli (FSS) 

Rare 
Standard 
Stimuli (RSS) 

Abstract Art 
(AA) 

Representational 
Art (RA) 

Indeterminate 
Art (IA) 

 
Artists (A) 
 

 
23309 (1793) 

 
3821   (294) 

 
1249  (96) 

 
1285  (99) 

 
1257  (97) 

Non-Artists 
(NA) 

24930   
(1918) 

4164   (320) 1407  (108) 1411  (109) 1390  (107) 

 
Stimuli 

 
Abstract Art (AA) 

 

 
Representational Art (RA) 

 
Indeterminate Art (AA) 

 
Level of 
Affect Low Affect  High Affect Low Affect  High Affect Low Affect  High Affect 
 
Artists (A) 
 

 
491  (38) 

 
513  (39) 

 
508  (39) 

 
542  (42) 

 
411  (32) 

 
617  (47) 

Non-Artists 
(NA) 

775  (60) 419  (32) 430  (33) 667  (51) 407  (31) 657  (51) 

 
 

ERP analyses were conducted on mean amplitude and latency values for specific sets of 

electrodes within specific time windows. These narrow time windows were selected by 

visual inspection of the grand average ERPs in each group and by predefinition from 

previous studies in the literature on visually evoked ERPS (see Luck, 2005, pg. 34, for a 

summary of ERP components, and Olofsson et al., 2008 for a review of ERP components 

elicited in response to affective pictures). Mean amplitude was defined as the average 

deflection occurring within the selected interval and the mean latency was defined as the 

time point at which the deflection reached its maximum amplitude. See Table 4 for the 

time windows selected for the non-target frequent and rare standard stimuli (FSS and 

RSS) and for the target stimuli (AA, RA, IA). The rationale was that the ERP components 

elicited in response to passive, non-target FSS and RSS will provide a baseline 

comparison for our investigation of unconscious and conscious components evoked in 

response to active, target art stimuli (Bennington & Polich, 1999; Huettel & McCarthy, 

2004). The oddball procedure was used to minimise habituation effects, to ensure any 

differences in ERP amplitude and latency were due to differences in target stimuli 

qualities. To allow for the analysis of both hemisphere and region, 12 electrodes were 
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selected for analysis; F3, Fz, F4, C3, Cz, C4, P3, Pz, P4, O1, Oz and O2, see Figure 16 

for a headmap of the selected electrodes. 

 
Table 4. Time windows (in milliseconds) selected for ERP components P1, N1, P2, N2, P3 and 
LPP in response to non-target frequent and rare stimuli (FSS, RSS), and to target stimuli, abstract, 
representational and indeterminate art (AA, RA, IA). 

 
Stimuli  P1 N1 P2 N2 P3 LPP 
 
FSS, 
RSS 

100-
140ms 

130-
150ms 

150-
220ms 

150-
250ms 

250-
500ms  

 
AA, RA, 
IA 

100-
180ms 

170-
220ms 

190-
330ms 

275-
350ms 

340-
590ms 

500-
1000ms 

 

 

  

 
 

 
 

Figure 16. Biosemi cap layout for 32+2 electrodes, with electrodes selected for analysis, F3, Fz, 
F4, C3, Cz, C4, P3, Pz, P4, O1, Oz and O2 highlighted    

 

Procedure 

After written consent was obtained a short questionnaire (Appendix 3) gathering 

information regarding demographics, handedness, any problems with vision, previous 

brain injuries, years of further education, years of art education and average number of 

visits to art galleries per annum, was completed. The NART (Appendix 4) and TAS-20 
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(Appendix 5) were then administered to identify any differences in general IQ and 

emotional intelligence between the groups. The electrode cap was fitted following the 

extended international 10-20 system (Klem, Luders, Jaspers & Elger, 1999). Participants 

were seated in a comfortable chair in front of the monitor at a distance of 90 cm, with the 

keyboard directly in front of them. The experimenter then briefed the participant regarding 

the experiment protocol. Participants were requested to move as little as possible and to 

try not to chew or blink during the experiment blocks. They were told that they were going 

to see 3 stimulus on the screen: green squares, red circles and pictures of art. Before 

each of these stimuli they would see a blank screen with a + in the middle. They were 

asked to focus on the + in preparation for the next stimuli. After each picture of art there 

would be a rating screen asking them to rate the picture just seen regarding how much it 

ÔaffectedÕ them, on a scale of 1 to 7, with 1 = not at all and 7 = a lot. They were instructed 

to rate their level of affect regarding how much the picture moved them, either positively or 

negatively, how much ÔWOWÕ it had. ÔAffectÕ was described as their immediate, visceral, 

emotional, intuitive response, to the picture, not  necessarily how beautiful, good, pretty, 

ugly, colourful, shocking or famous they thought it was. Participants were instructed to use 

the numbers at the top of the keyboard and to make their decision regarding the level of 

affect of the picture as quickly as possible. 

On completion of the experiment the electrode cap removed and the participant was 

debriefed. Total EEG recording time was approximately 80 minutes, with 4 self-paced rest 

periods. The total time in the lab for participants was about 2 hours.  

Analysis 

For analysis the mean rating of the level of affect for each category of art, abstract art 

(AA), representational art (RA) and indeterminate art (IA), and the mean response time for 

the rating of the level of affect for each category of art, for the two groups, non-artists and 

artists was calculated in a 2 (Group: NA, A) x 3 (Category of art: AA, RA, IA) analysis of 

variance (ANOVA).  

Prior to the analysis of the specific ERP components t Ðtests were conducted to ensure 

that the number of trials missed by participants (i.e. when they did not respond, or when 
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the data was rejected due to artefacts) was not significantly different between the groups 

for each category of art.  

Initial ERP analysis was conducted on the ERP components evoked in response to the 

non-target frequent and rare stimuli. The mean amplitude and latency of each ERP 

component was analysed in a 2 (Group: NA, A) x 2 (Stimuli: FSS, RSS) x 3 (Hemisphere: 

Left, Mid line, Right) x 4 (Location: Frontal, Central, Parietal, Occipital) analysis of 

variance (ANOVA).  

For the target art stimuli, the mean amplitude and latency of each ERP component was 

analysed in a 2 (Group: NA, A) x 3 (Stimuli: AA, RA, IA) x 3 (Hemisphere: Left, Mid line, 

Right) x 4 (Location: Frontal, Central, Parietal, Occipital) analysis of variance (ANOVA).  

Initial analyses of covariance were carried out on the data to investigate the moderating 

effects of age, years of education, and vocabulary ability. Post hoc analyses were 

Bonferroni corrected to adjust for multiple comparisons, with a significance level of p < .05 

unless otherwise stated. In instances where the data failed the sphericity test (p < .05) the 

Greenhouse-Geisser test was substituted.  

 

3.3.2 Results  

Descriptive Statistics 

Table 5shows the participant characteristics for the artist and non-artist groups. Artists 

were slightly older than non-artists (t(34) = 2.7, p < .05). On average artists had more 

years of education than non-artists (t(34) = 2.94, p < .01) and, unsurprisingly,  had more 

years of higher art education (t(34) = 16.45, p < .001). Artists also scored higher on the 

National Adult Reading Test (t(34) = 2.04, p <.05). There were no significant differences 

between the two groups regarding the Toronto Alexithymia Scale (TAS-20) (t(34) = .15, p 

=.88).  
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Table 5. Mean (and SD) participant characteristics, showing gender, age, years of further 
education, years of further art education, and National Adult Reading Test and Toronto Alexythimia 
Scale scores. 

 
  

Artists (A) 
No.17 

 
Non-Artists (NA)  

No.19 

 
t 

 
p 

 
Gender F:M 

 
12:5 

 
14:5 

  

 
Age (yrs) 

 
26.6. (5) 

 
22.1 (3.1) 

 
t(34) = 2.7 

 
p<.05 
 

 
Education (yrs) 

 
19.1 (2.5) 

 
16.6 (2.4) 

 
t(34) = 2.94 

 
p<.01 

 
Art education 
(yrs) 

 
5.6 (1.4) 

 
0.1 (0.7) 

 
t(34) = 
16.45 

 
p<.001 
 

 
NART 

 
35.8 (5.3) 

 
31 (6.8) 

 
t(34) =  2.04 

 
p<.05 

 
TAS-20 

 
46.6 (11.3) 

 
47.2 (14.4) 

 
t(34) = .15 

 
p= .88 

 

 

 

Analysis of Rating of Level of Affect and Response Times for each Category of Art.  

In order to examine how the affective response to modern visual impacts on the 

behavioural ratings of affect and response latency for each category of art, abstract art 

(AA), representational art (RA) and indeterminate art (IA), the first set of analyses was 

carried out on the mean rating of the level of affect and the mean response latency (ms) 

for the rating of the level of affect for each category of art, AA, RA, and IA, for the two 

groups, non-artists and artists (Table 6). 

An ANOVA revealed that the category of art had a significant effect on the rating of the 

mean level of affect, (F(1.47, 49.95) = 14.49, p < .001, !"p = .3). The interaction between 

the category of art and group indicated that the rating of affect was different between non-

artists and artists, (F(1.47, 49.95) = 5.69, p < .05 !"p = .14), with diffe rences evident in 

response to both AA and RA. Non-artists rated AA as having a lower mean level of affect 

and RA as having a higher mean level of affect than artists. 
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Table 6. Mean (and SD) rating of the level of affect and mean response latency (in ms) for rating 
the level of affect, for 3 categories of art, Abstract Art (AA) Representational Art (RA),Indeterminate 
Art (IA) and 2 groups Non-Artist (NA) and Artist (A). 

 
 
 

 
Mean rating of level of 

affect  

 
Mean response latency 

(ms)  
 
Artists (A)  

  

 
Abstract Art (AA) 

 
3.97 (0.68) 

 
1128 (373) 

 
Representational Art (RA) 

 
4.08 (0.64) 

 
1160 (380) 

 
Indeterminate Art (IA) 

 
4.35 (0.76) 

 
1161 (381) 

 
 
Non-artists (NA)  

  

 
Abstract Art  (AA) 

 
3.32 (1.11) 

 
931 (329) 

 
Representational Art (RA) 

 
4.34 (0.85) 

 
1056 (344) 

 
Indeterminate Art (IA) 

 
4.37 (0.97) 

 
1019 (358) 

 
. 
 

 

In order to investigate the interaction, an analysis of simple main effects revealed a 

significant effect of non-artists, (F(1.19, 21.34) = 13.32, p < .01, !"p = .43) on the mean 

rating of level of affect. Pairwise comparisons, using the Bonferroni procedure, revealed 

that there were overall significant differences in the mean rating of the level of affect 

between AA and both RA and IA (both p < .01), but that there were no significant 

differences in the mean rating of affect between RA and IA. The non-artists rated abstract 

art as having a significantly lower mean level of affect than either RA or IA. 

There was also a significant effect for artists on the mean rating of the level of affect, (F 

(1.82, 29.07) = 3.73, p < .05, !"p = .19). However, this difference was not reliable as the 

pairwise comparisons revealed that there were no significant differences in the mean 

rating of level of affect between the different categories of art in artists. This confirms the 

pattern seen in Figure 17 showing the interaction with regard to IA. 
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Figure 17. Mean rating of level of affect of 3 categories of art; Abstract Art (AA), Representational 
Art (RA), Indeterminate Art (IA) and 2 groups; Non-Artist (NA) and Artist (A). 

 
 
This analysis, however, simply explored the mean rating of affect. Of more interest 

regarding the question of how the affective response to the different categories of modern 

art impacts on behavioural responses were the extremes of rating of affect, whether the 

artworks were rated as having a lot of emotional affect, or very little. 

In order to compare these different extremes of affect between each category of art and 

between the two groups the mean frequency of pictures rated for low and high affect 

judgements was calculated separately. Low affect was categorised as those with a rating 

of 1-3, whilst high affect was categorised as having a rating of 5-7. The mean frequency of 

ratings of low affect and high affect for the different categories of art are shown in Table 7.  
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Table 7. Mean frequency of ratings (and SD) of low affect and high affect for 3 categories of art 
(AA, RA, IA) and 2 groups, Non-Artist (NA) and Artist (A). 

 

 
Low Affect  

 
High Affect  

 
 
Artists (A)  

  

 
Abstract Art  (AA) 

 
39.47 (19.76) 

 
40.24 (14.92) 

 
Representational Art (RA) 

 
37.59 (15.26) 

 
42.47 (16.54) 

 
Indeterminate Art (IA) 

 
31.47 (14.41) 

 
48.41 (19.7) 

 
Non-artists(NA)  

  

 
Abstract Art  (AA) 

 
58.47 (24.89) 

 
28.11 (22.62) 

 
Representational Art (RA) 

 
31.53 (20.93) 

 
51.16 (21.66) 

 
Indeterminate Art (IA) 

 
32.11 (21.54) 

 
49.35 (24.31) 

 

 

 

The mean frequency of pictures rated as having either low or high affect was analysed in 

a 2 (Group; NA, A) x 3 (Category of art: AA, RA, IA) x 2 (Level of affect; LA, HA) analysis 

of variance. There was a significant interaction between the category of art and the 

frequency of rating of level of affect, (F(2, 68) = 14.61, p < .001, !"p = .3).  

These interactions are displayed in Figure 18. 
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(a) Artist                 (b) Non-Artist  
 

Figure 18. Mean frequency of ratings of low and high affect for 3 types of art, Abstract Art (AA), 
Representational Art (RA), Indeterminate Art (IA) and 2 groups; (a) Artist (A) and (b) Non-Artist 
(NA). 

 

 
 
Pairwise comparisons, using the Bonferroni procedure, revealed that in the non-artist 

group there were significant differences in the frequency of rating the pictures as having 

either low or high affect. More AA was rated as having low than high affect (p < .05). 

Although more RA and IA pictures were rated as having high than low affect, only the 

differences with regard to RA were near to significant (p = .054).   

Artists showed a very different pattern. The frequency of rating was significantly different 

only for IA (p < .05), with more IA rated as having high than low affect. The frequency of 

rating for AA showed almost no difference between high or low affect. There was also a 

significant interaction between the frequency of rating of level of affect, the category of art, 

and the group, (F (2, 68) = 6.81, p < .01, !"p = .17), as seen in Fig. 19 (a) and (b) below. 
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(a) Low Affect                      (b) High Affect 
 

Figure 19. Mean frequency of ratings of (a) low affect (and (b) high affect by 2 groups; Non-Artist 
(NA) and Artist (A) and, for 3 types of art, Abstract Art (AA), Representational Art (RA), 
Indeterminate Art (IA) 

 
 
As is evident in Figure 19 (a) independent t tests revealed that non-artists significantly 

more frequently rated AA as having low affect than artists, (t(34) = 2.52; p < .05), and 

there were no significant differences between the two groups in the frequency of ratings of 

low affect for either RA or IA. 

 

With regard to the frequency of rating of high affect, Figure 20 (b), the opposite pattern 

can be observed. Artists more frequently rated AA as having high affect than non-artist 

and less frequently rated RA as having a high affect, with virtually no difference at all 

between the two groups regarding the frequency of rating  IA as having high affect. 

However, none of the differences in the frequency of rating of high affect were significant 

between the two groups. 
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In order to examine how the affective response impacted on the time taken to respond 

to the affect of the different categories of art analysis was then conducted on the 

response latency. The response latency was analysed in a 2 (Group: NA, A) x 3 

(Category of art: AA, RA, IA) analysis of variance.  This analysis revealed that there 

was a significant main effect of the category of art on the time taken to respond, 

(F(1.56, 53.08) = 18.61, p < .001, !"p = .35) and that there wa s a significant interaction 

between the category of art and the two groups, (F(1.56, 53.08) = 6.10, p = < .01, !"p 

= .15), which can be clearly seen in Figure 20.  

Pairwise comparisons found that the response times were significantly different 

between AA and both RA and IA (p < .001) but not between RA and IA. Exploring the 

interaction, further analysis of simple main effects found that the differences in the 

response times to the different categories of art were significant only in non-artistÕs, 

(F(1.37, 24.68) = 24.42, p < .001, !"p = .58), representing a large effect. The 

Bonferroni procedure found that the response times differed significantly between all 3 

categories of art in this group (see Figure 20). Thus, non-artists were significantly 

faster in rating the level of emotional affect of AA than either RA or IA, whereas there 

was no difference in the time taken to respond to any of the categories of art by the 

artists. 

 

 

Figure 20. Mean response latency (ms) to rate the level of affect of 3 categories of art; Abstract 
Art (AA), Representational Art (RA), Indeterminate Art (IA) and 2 groups; Non-Artist (NA) and 
Artist (A)  
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ERP analysis 

An initial analysis was conducted to ensure that the number of trials missed by 

participants (i.e. when they did not respond, or when the data was rejected due to 

artefacts) was not significantly different between the groups for each category of art. 

No significant differences between the groups for any of the categories of art were 

found; AA, t (34) = 1.92, p >.05, IA, t(34) = 1.43, p>.05, RA, t(34) = .63, p>.05.  

The total number of accepted artefact free trials analyzed for each group, each 

stimulus and high and low affect  ratings in response to each category of art an be 

seen in Table 4 above.  

 

Analysis of non-target frequent and rare standard stimuli (FSS and RSS) 

The first sets of analyses were carried out to investigate exogenous and endogenous 

ERP components elicited in response to non-target frequent and rare standard stimuli 

(FSS and RSS).  The components of interest were selected on the basis of previous 

research (see Oloffson et al., 2008 for review) and visual inspection of the grand 

average ERPs. See Figures 23 and 24 below which show the grand average ERP 

waveforms for the non-target frequent, FSS, and rare standard, RSS, stimuli plotted on 

selected electrodes for analysis. The mean amplitude and latency of each ERP 

component was analysed in a 2 (Group: NA, A) x 2 (Stimuli: FSS, RSS) x 3 

(Hemisphere: Left, Mid line, Right) x 4 (Location: Frontal, Central, Parietal, Occipital) 

analysis of variance (ANOVA). For completeness Table 8 below outlines all significant 

main effects and interactions.  

In instances where the data failed the MauchlyÕs W sphericity test (p < .05) the 

Greenhouse-Geisser correction was applied. Pairwise comparisons were conducted 

using the Bonferroni procedure. For data reduction purposes and to address the 

research questions outlined above, the primary focus was the search for main and 

interaction effects for the factors of group and stimulus type.  
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Table 8. Showing the significant main effects of a 2 (Group: NA, A) x 2 (Stimuli: FSS, RSS) x 3 (Hemisphere: L, M, R) x 4 (Location: F, P, C, O) analysis of 
variance (ANOVA) to interpret EEG responses to simple stimuli. In instances where the data failed the MauchlyÕs W sphericity test (p < .05) the 
Greenhouse-Geisser test was substituted. All pairwise comparisons were Bonferroni adjusted, the mean difference was significant to .05 level. (blue italics 
= nearly significant, would be significant if Greenhouse-Geisser test not applied) 

 
 

Interaction  
 

P1 amplitude  
 

P1 latency  
 

N1 amplitude  
 

N1 latency  
 

 
P2 amplitude  

 
P2 latency  

 
N2 amplitude  

 
N2 latency  

 
P3 amplitude  

 
P3 latency  

 
Stimuli  

  
F (1, 29) = 
18.14, p < 
.001, !"p = 
.39 

 
F ( 1,29) = 
26.73, p < 
.001, !"p = .48  

   
F (1,29) = 5.76, 
p < .05, !"p = 
.17 

 
F (1,29) = 
33.19, p < 
.001, !"p = .53  

   

 
Stimuli x Group  

          

 
Hemisphere  

   
F (2, 58) = 
8.61, p < .005, 
!"p = .23  

 
F (1.47, 
42.59) = 
14.06, p < 
.001, !"p =  
.33 

  
F (1.72, 49.81) 
= 10.34, p < 
.001, !"p = .26  

 
F (2,58) = 
6.33, p < .005, 
!"p = .18  

 
F (1.22, 
35.32) = 
6.86, p < 
.01, !"p = 
.19 

  
F (1.36, 
39.32) = 
6.18, p < 
.05, !"p = 
.18 

 
Hemisphere x 
Group  
 

          

 
Location  

  
F (1.77, 
51.18) = 
3.70, p < 
.05, !"p = 
.11 

 
F (2.12, 61.41) 
= 13.24, p< 
.001, !"p = .31  

 
F( 2.10, 
60.96) = 
5.00, p < 
.01, !"p = 
.15  

 
F (1.59, 46.23) 
= 38.60, p < 
.001, !"p = .57  

  
F (1.78, 51.60) 
= 28.86, p < 
.001, !"p = .50  

 
F (1.72, 
49.79) = 
3.84, p < 
.05, !"p = 
.12 

 
F (2.04, 59.12) 
= 21.34, p < 
.001, !"p = .42  

 
F (2.53, 
73.36) = 
5.18, p < 
.005, !"p = 
.15 

 
Location x Group  

   
F (2.12, 61.41) 
= 4.31, p < .05, 
!"p = .13  

  
F (1.59, 46.23) 
= 5.55, p < .05, 
!"p = .16  

  
F (1.78, 51.60) 
= 3.88, p , .05, 
!"p = .12  

  
F (2.04, 59.12) 
= 11.21, p < 
.001, !"p = .28  

 

 
Stimuli x 
Hemisphere  

 
F (2, 58) = 9.2, 
p <.001, !"p = 
.24 

  
F (1.88, 54.37) 
= 23.94, p < 
.001, !"p = .45  

  
F (2, 58) = 
6.10, p < .005, 
!"p = .17  

  
F (1.6, 46.39) 
= 5.19, p < .05, 
!"p = .15  

   

Stimuli x 
Hemisphere  x 
Group  

          

 
Stimuli x 
Location  

 
F (2.02, 58.62) 
= 6.15, p < 
.005, !"p = .18  

 
 
F (2.01, 
58.30) = 
9.55, p < 
.001, !"p = 
.25 

 
 
F (1.77, 51.41) 
= 46.27, p < 
.001, !"p = .62  

 
 
F (2.34, 
67.92) = 
10.65, p < 
.001, !"p = 
.27 

 
 
F (1.78, 51. 70) 
= 48.84, p < 
.001, !"p = .63  

 
 
F(2.10, 60.82) 
= 2.9, p = .06, 
!"p = .09  

 
 
F (1.88, 54.58) 
= 42.91, p < 
.001, !"p = .60  

 
 
F (1.61, 
46.63) = 
6.65, p < 
.01, !"p = 
.19   

  

 
Stimuli x 
Location x Group  
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Stimuli x 
Location x Group  
 

          

 
Hemisphere x 
Location  

 
F (2.63, 76.12) 
= 3.04, p < .05, 
!"p = .10  

 
F (2.96, 
85.85) = 
3.58, p < 
.05, !"p = 
.11 

 
F (4.25, 
123.22) = 3.68, 
P < .01, !"p = 
.11 

  
F (3.55, 
102.79) = 6.79, 
p < .001, !"p = 
.19 

 
F (3.26, 94.59) 
= 2.25, p = .08, 
!"p = .07  

 
F (3.69, 
107.08), = 
3.05, p < .05, 
!"p = .10  

 
F (2.99, 
86.80) = 
4.34, p < 
.01, !"p = 
.13 

 
F (3.78, 
109.52) = 3.95, 
p , .01, !"p = 
.12 

 
F (2.97, 
86.23) = 
3.48, p < 
.05, !"p = 
.11 

 
Hemisphere x 
Location x Group  

  
F (2.96, 
85.85) = 
3.25, p < 
.05, !"p = 
.10 

  
F (2.69, 
77.83) = 
2.77, p < 
.05, !"p = 
.09 

  
F (3.26, 94.59) 
= 2.53, p = .06, 
!"p = .08  

 
F (3.69, 
107.08) = 3.14, 
p < .001, !"p = 
.18 

 
F (2.99, 
86.80) = 
2.86, p < 
.05, !"p = 
.09 

  
F (2.97, 
86.23) = 3.4, 
p < .05, !"p 
= .11 

 
Stimuli x 
Hemisphere x 
Location  
 

 
F (3.11, 90.31) 
= 3.95, P < 
.05, !"p = .39  

  
F (4.16, 
120.63) = 5.52, 
p < .001, !"p =  
.16 

  
F (3.87, 
112.29) = 
11.79, p < 
.001, !"p=.29  

  
F (6, 174) = 
6.43, p < .001, 
!"p=.18  

   

Stimuli x 
Hemisphere x 
Location x Group  

          

Pairwise 
Comparisons  

          

Group            
 
Stimuli  

   
RSS >FSS, p 
<.001 

   
FSS>RSS, 
p<.05 

 
FSS <RSS, 
p<.001 

   

 
Stimuli  

   
RSS >FSS, p 
<.001 

   
FSS>RSS, 
p<.05 

 
FSS <RSS, 
p<.001 

   

 
Hemisphere  

   
M>L, p<.01 
M>R, p<.005 
 

 
M>R, 
p<.001 
M>L, p<.05 
R>L p<.05 

  
L<M, p<.005 
L<R, p<.05 

 
L<M, p<.005 
 

 
L<R, p<.01 
M<R, p<.05 

  
L<M, p<.05 
L<R, p<.05 

 
Location  

  
F>P, p < 
.001 

 
F>P, p<.005 
F>O, p<.005 
C>P, p<.001 
C>O, p<.005 

 
C>P, p<.05 
C>O, p<.05 

 
F<P, p<.001 
F<O, p<.001 
C<P, p<.001 
C<O, p<.001 
P<O, p<.05 

  
F>P, p<.05 
F>O, p<.001 
C>P, p<.001 
C>O, p<.001 
P>O, p<.001 

 
P>F, p< .01 

F<C, p<.05 
F<P, p<.001 
F<O, p<.01 
C<P, p<.001 
C<O, p<.05 
P<O, p<.001 

 
C>O, p<.05 
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P1 Amplitude and Latency (100-140ms)  

The analysis on the mean amplitude of the P1 component revealed no significant main 

effects of either group or stimuli. However, there was an interaction between stimuli and 

hemisphere, (F(2, 58) = 9.2, p < .001, !"p =  .24) and stimuli and location (F(2.02, 58.62) = 

6.15, p < .005, !"p = .18), with the rare standard stimuli (RSS) demonstrating larger 

amplitude in the right hemisphere and at occipital sites than the frequent standard stimuli 

(FSS). There was a significant interaction between stimuli, hemisphere and location, 

(F(3.11, 90.31) = 3.95, p < .05, !"p = .39). At occipital sites the mean amplitude was 

largest for the RSS in all 3 hemispheres (L, M, R), whilst the mean amplitude was the 

smallest at frontal sites in all 3 hemispheres (see Grand average ERP topographic map, 

Figure 23). 

Analysis on the latency of the P1 component revealed a main effect of stimuli (F(1, 29) = 

18.14, p < .001, !"p = .39), the latency was longer for the FSS than for the RSS, but there 

was no main effect of group. There was a significant interaction between stimuli and 

location (F(2.01, 58.30) = 9.55, p< .001, !"p = .25), with a significantly longer latency at 

parietal than at frontal electrodes (P<F, P <.001). There was also a significant interaction 

between the groups, hemisphere and location (F(2.96, 85.85) = 3.25, p < .05, !"p = .10).  

 

N1 Amplitude and Latency (130 -160ms)    

The analysis of the N1 amplitude revealed a main effect of stimuli (F(1, 29) = 26.73, p < 

.001, !"p = .48), but not of group. There was a significant interaction between stimuli and 

hemisphere (F(1.88, 54.37) = 23.94, p < .001, !"p = .45), stimuli and location ( F(1.77, 

51.41) = 46.27, p < .001, !"p = .62), and stimuli, hemisphere and location ( F(4.16, 120.63) 

= 5.52, p < .001, !"p = .16). Pairwise comparisons showed that the amplitude of the N1 

component was larger for the RSS than for the FSS (RSS>FSS, p<.001), and was larger 

in the mid line hemisphere than in either the left or right (M>L, p<.01, M>R, p<.005), and 

larger at frontal and central sites than at parietal or occipital sites (F>P, p <.005; F>O, 

p<.005; C>P, p<.001; C<O, p<.005). There was also a significant interaction between 

group and location (F(2.12, 61.41) = 4.31, p < .05, !"p = .13) with artists show ing larger 

amplitude at frontal and central sites than non-artists (see grand average ERP 
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topographic map, Figure 23). Figures 21 and 22 below (showing grand average ERPs for 

Non-Target Rare Simple Stimuli (RSS) and Frequent Simple Stimuli (FSS), respectively, 

for Artists (blue) and Non-Artists (red), at selected frontal, central, parietal and occipital 

sites. Time 0Ð500ms. Scale -6 - +6 #V), shows larger amplitude of the N1 component in 

both groups in response to the RSS than for the FSS at midline frontal and central sites, 

and that the amplitude of this component is larger for the artists than non-artists in 

response to both stimuli. The N1 component (latency 130-160ms) is indicated at mid-line 

frontal and central electrodes Fz and Cz with a blue arrow. 

 Analysis on the latency of the N1 component revealed no main effects, nevertheless a 

significant interaction between stimuli and location (F(2.34, 67.92) = 10.65, p < .001, !"p = 

.27), and a significant interaction between group, hemisphere and location (F(2.69, 77.83) 

= 2.77, p < .05, !"p = .09) was found. Pairwise comparisons showed the latency of the N1 

component being longer at central locations than at either parietal or occipital (C>P, 

p<.05; C>O, p<.05). 
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Figure 21. Grand average ERPs for Non-Target Frequent Simple Stimuli (FSS) for Artists (blue) 
and Non-Artists (red), at selected frontal, central, parietal and occipital sites. Time 0 Ð 500ms. 
Scale -6 - +6 #V. N1 component (latency 130-160ms) is indicated at mid-line frontal and central 
electrodes Fz and Cz with blue arrow, P2 component (latency 150-220ms) is indicated at occipital 
electrodes O1, Oz, O2 with green arrow, N2 component (latency 150-220ms) is indicated at midline 
frontal and central sites with purple arrow, P3 component (latency 250-500ms) is indicated at 
occipital electrodes O1, Oz, O4 with black arrow. 
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