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Abstract 
 

There is an ongoing debate in the study of consciousness regarding the relationship 

between consciousness and attention. While it is widely accepted that attention and 

consciousness are two distinct processes, the debate is over the nature of the relationship, 

does consciousness overflow attention? 

Four experiments were carried out to investigate the relationship between consciousness 

and attention, using a modification of the visual search paradigm, searching for a target in a 

display of non-targets and pressing a key to indicate whether the target was present or not 

present. The same Methodology was used in all for experiments with eye tracking, to 

monitor the direction of the gaze. A gaze contingent display was used to disrupt the 

allocation of attention under two of the experimental conditions. Participants were 

instructed to search for a given target under three conditions, Constant, Variable and 

Moveable. In the Constant condition, the target remained when a fixation was made. In the 

Variable condition, the target changed to a non-target just prior to fixation, changing back 

to the target when the gaze moved away. In the third, Moveable condition, the target 

moved to another part of the display when an attempt was made at fixation, with further 

relocations on subsequent attempts at fixation. It was hypothesised that under the Variable 

and Moveable conditions increased levels of cognitive engagement as measured by fixation 

and fixation durations would indicate awareness of the target while still resulting in a failure 

to report. 

Study One, involved a feature search, searching for a target that differed from the 

background by colour, looking for a light red block in a display of dark red blocks. 

Participants failed to report the presence of the target on around 50% of the trials.  
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The results suggested that participants were making more effort to determine that the 

target was not present than correctly reporting the presence of the target. 

 Study Two involved s second feature search for orientation. The target was an angled bar in 

a display of vertical bars. Findings were consistent with Study One, failure to report 

occurring on around 50% of the trials. Again, failure to report was accompanied by more 

fixations on the target than correct report, indicating that participants were aware of the 

target, but were unable to focus attention. 

Study Three involved a search for higher order properties in terms of shape or form. In this 

case, looking for an oval in a display of circles. The findings supported those of the first two 

studies. Failure to report on around 50% of the trials, with a failure to report being 

accompanied by more fixations of the target than correct report 

Study four employed a conjunction search, looking for a green circle in a display of yellow 

circles and green squares. While there were less failures to report than the previous studies, 

overall findings were the same. Participants were fixating on the target more times before 

deciding it was not there than correct report. 

Overall, the findings from all four experiments were broadly similar. Increased levels of engagement 

in the Variable and Moveable conditions than the Constant condition, for both correct and incorrect 

report. Further, incorrect report was associated with higher levels of engagement than correct 

report. This was interpreted as evidence that awareness can occur outside of focal attention, 

supporting the consciousness first position. Further, that a failure to report does not necessarily 

been a lack of awareness. This interpretation is open to possible alternative explanations, which are 

discussed. 
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Chapter One - Introduction 
 

The study of consciousness was a neglected area until recent decades. Many scientists, 

philosophers and psychologists felt that it was not a suitable subject for objective scientific 

research — how can we study the subjective experience we call consciousness? In 

psychology, the influence of the behaviourists was a major factor in this respect. It has now 

become a multi-disciplinary area of research involving neuroscientists, psychologists, 

computer scientists (in the context of Artificial Intelligence) and even physicists. The study 

of consciousness presents a particular challenge: there is no real, consistent definition to 

begin with, and explanations differ between researchers in different fields.  

 

1.1 Defining Consciousness 

 

Consciousness is a difficult concept to define, we all possess it (presumably) and understand 

what the concept means, but to pin it down with a precise definition is rather difficult. This 

lack of definition is one reason why some have argued that consciousness is not a suitable 

subject for scientific research. Others, such as Searle (2000) argue that this should not 

prevent investigation, that as our understanding of the nature of consciousness advances, 

precise definitions will eventually be formulated although Searle attempts a definition, 

“Consciousness consists of inner, qualitative, subjective states and processes of sentience or 

awareness”  (Searle, 2000,  p 559) 
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James (1905) refers to ‘the stream of consciousness’, that unbroken (except perhaps by 

deep sleep) continuous sense of awareness that persists even while the ‘contents’ of 

consciousness (thoughts, feelings, perceptions) are in a state of constant change.  

 

Nagel (1974) defines consciousness as “something it is like to be.”. There is something it is 

like to be a human, to be a bat, there is nothing it is like to be a table or a rock. Nagel uses 

the example of a bat to illustrate one of the problems associated with the study of 

consciousness. Most scientists would accept that mammals, at least, possess conscious 

experience. A bat, for example, navigates through echo location, but how is this information 

represented in the consciousness of the bat? Is it translated into some form of visual 

analogue? Perhaps, but this may not be the most effective or efficient form of 

representation. The problem is, we can never know, we cannot ask the bat. In the study of 

consciousness there will always be certain facts of the matter that cannot be explained or 

even investigated by third person empirical methods. This conclusion has not gone un-

challenged, however.  Dennet and Hofstadter (1982) attempts to illustrate the futility of 

even asking such questions by posing a long list of what is it like to be? Statements, such as 

“what is it like to be a pebble” p. 405, (nothing, a pebble is not conscious) and “what is it like 

to be me 20 minutes ago” p. 403. Only Dennet and Hofstadter (1982) would know the 

answer to that because they are, presumably, conscious. We could ask, the reply would not 

convey the full subjective experience, but we could at least relate to our own experiences. 

Even if a bat was able to reply, there is nothing in our own experience we could relate to, 

except the fact that we are both conscious.  
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1.2 The Problem of Consciousness 

 

Chalmers (1995) makes a distinction between the ‘easy’ and ‘hard’ problems of 

consciousness. Easy problems are aspects of consciousness that are capable of being 

investigated by the methods of cognitive science and refer to abilities and functions 

explained by neural or computational mechanisms. These include, the control of attention, 

the reportability of mental states, as well as the integration of information by different 

cognitive systems, the difference between wakefulness and sleep. These problems can be 

explained by investigating the processes and functions involved. The hard problem is in 

understanding what consciousness is, our subjective experience, that is, phenomenal 

consciousness, or experience. Even if the function of certain aspects of consciousness can be 

explained, the question still arises, why is this function accompanied by experience?  

 

There is a fundamental assumption that, whatever consciousness ‘is’, it arises somehow 

from neuronal processes in the brain. However, cognitive and neural processes can be 

described without recourse to subjectivity and conscious experience, there appears to be an 

‘explanatory gap’  between such descriptions as to how and why they give rise to experience 

(Levine, 1983). Pain, resulting from the firing of certain nerve cells, certainly has a functional 

aspect, to alert the body to damage, or move the hand away from a hot object, but why 

does it feel so unpleasant? There are also subjective experiences that appear to have no 

functional aspect, why would one person prefer the taste of Fosters lager and another 

prefer Stella? It is not clear how we get from objective, third person descriptions of brain 

states to subjective experiences. 
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Searle(2000) defines a number of essential features of consciousness. 

Qualitativeness Conscious states have a qualitative ‘feel’ to them. The experience taste of 

beer is different to listening to music, the experience of green from that of red, the smell of 

cooking from watching a movie.  

Subjectivity Conscious states are only experienced by humans and animals, these are not 

objective experiences but essentially subjective and experienced by some “I” that has the 

experience. The same scene, such as a field, may evoke different qualitative experiences in, 

say, an artist, a naturalist or a property developer.  

Unity All conscious experiences are a part of one unified conscious field. The sights and 

sounds I am currently experiencing, the feeling of the chair on my back, are not separate 

experiences, but components of a single unified consciousness.  

Intentionality Conscious states tend to be about something, beliefs about or attitudes 

towards the contents of consciousness. If I make a cup of coffee, it is because I am thirsty 

and addicted to caffeine. A coffee making robot may perform precisely the same actions, 

but has no concept of thirst or desire for caffeine 

Searle Searle (2000) also distinguishes between consciousness per se. and the contents of 

consciousness. To be conscious of something, you must be conscious already (vigilance or 

arousal). I am conscious of the current visual scene, if I close my eyes, that content has 

gone, but my sense of consciousness is not diminished. Open my eyes and the scene again 

becomes part of my existing field of consciousness. Investigations into the Neural and 

Cognitive Correlates of Consciousness tend to be focussed on what is happening when we 

become conscious of something, that is, the contents of consciousness. 
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1.3 Philosophical Perspectives 

 

Attempts to understand the nature of consciousness can be classified under the main 

philosophical approaches: Dualism, Functionalism and Materialism. 

 

Dualism - Usually associated with Descartes (1998 [1637]) arguing that mind and matter 

(consciousness and physical reality) are different substances, referred to as res cogitans and 

res extensa, communicating though the pineal gland. However, it could be more specifically 

described as substance dualism, the difficulty with this distinction is determining how a non-

physical substance can interact with a physical substance. There is another form of dualism 

which has been seriously considered by some philosophers, such as Chalmers (1996) , 

referred to as property dualism. According to this view, consciousness and physical reality 

are different properties of the same material substance.  

 

Materialism – Consciousness arises from neural processes in the brain and so can be 

explained using neuro-scientific approaches. Neuropsychology, particularly through 

functional Magnetic Resonance Imaging (fMRI) and Electroencephalogram (EEG) studies may 

also provide insight into the areas of the brain in which consciousness occurs, that is, the 

Neural Correlates of Consciousness (NCC). The strong form of this approach, Eliminative 

Materialism, would argue that there is nothing mysterious or special about conscious 

experience, talk of mental such as beliefs, intentions, desires are dismissed as folk 

psychology to be replaced with descriptions of brain states (Churchland, 1983). Whenever 

the precise state of the brain during a particular conscious experience can be determined, 
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that experience has been explained, there is nothing further to add. The problem is, 

determining what constitutes a complete description, how fine grained does it need to be? 

Is a description of processing between populations of neurons sufficient or would it need to 

be down to the level of individual neurons? Is the density and distribution of 

neurotransmitters important and do they play a role in the “generation” of conscious 

experience? (Aleksandrova et al., 2014). Or perhaps the transition from waves of electric 

signals to particles and back again (evoking the wave particle duality in physics) play a role? 

Maybe it is not just the patterns of communication between neurons that is important, but 

the microstructure of neurons themselves  (Hameroff & Penrose, 2014).  

 

Functionalism - Functionalism is the position that mental states are defined, not by their 

neural substrate, but by the functional role they play in the cognitive system. The auditory 

system enables an organism to process and react to sound in the environment, the visual 

system can be defined by the role it plays in enabling an organism to navigate and act in the 

world. Mental states therefore play a causal role in behaviour, defined by how they convert 

sensory inputs into outputs in terms of behaviour, or dispositions to act in a certain way 

(Block, 1980). Cognitive psychology takes a functional approach to explaining mental states, 

investigating the processes by which inputs are processed and converted into outputs, 

based on an information processing metaphor. The study of consciousness from a cognitive 

perspective, therefore, means determining the functional role conscious states perform, in 

contrast to unconscious states. One implication of this is that, if consciousness can be 

specified in purely functional terms, the physical basis not necessarily need to be brain 

states, any functionally equivalent system would necessarily be conscious. Whether 

consciousness can be explained in purely functional terms has been questioned, however 
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(Searle, 1992; Velmans, 1991). Block (1995), on the other hand, argues than there are two 

aspects to consciousness, a functional aspect and a non-functional aspect. 

 

1.4 Types of Consciousness 

 

Block (1995) argues there are two types of consciousness: 

Phenomenal consciousness – the immediate subjective experiential aspects of 

consciousness. “What it is like to be” something, such as the experience of redness (as 

opposed to blueness). It is the experiential aspect of sensations, feeling and perceptions, 

thoughts and feeling. The feeling of anger would be phenomenal consciousness, telling 

someone you are angry, and how angry, would be access consciousness. It is in phenomenal 

consciousness that the ‘explanatory gap’ exists: when experiencing redness, no neurons in 

the brain actually turn red.  

 

Access consciousness – The part of conscious experience we are able to report on, how we 

name or represent something when we are conscious of it (I have just seen a red square, 

moving to the left) and remember it, decide what to do with it, plan for action. Cognitive 

theories of consciousness only relate to access consciousness. 

 

These two aspects are not separate but interact. It will be argued later, that for phenomenal 

consciousness to become access consciousness requires attention.   

 

Consciousness is not a type of something nor can it be defined with reference to anything 

else. How do we measure something that is subjective, personal and cannot even be 
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precisely defined? Methods include objective and subjective measures of awareness. Direct 

objective measures being a response to a forced choice decision task, indirect objective 

measures involve reaction times and the effects of priming on a task. Direct subjective 

measures involve verbal report and metacognitive judgments while indirect subjective 

measures being the neural correlates of report and judgements. None of these are perfect 

measures, however and are subject to influence by factors other than awareness 

(Timmermans & Cleeremans, 2015). 

 

One approach is to study processes that appear to require consciousness and compare 

these with processes that do not. Baars (1993), suggests that the functions of consciousness 

can be inferred through a ‘contrastive analysis’, that is, look at the differences between 

conscious and unconscious cognitions. 

 

1.5 The Neural Correlates of Consciousness 

 

The problem of explaining the neural basis of consciousness are illustrated by two quotes. 

“It is widely agreed that experience arises from a physical basis, but we have no good 

explanation of why or how it arises”  Chalmers (1995)  p 226 

“We do not know all the details of exactly how consciousness is caused by brain processes, 

but there is no doubt that it is in fact” (Searle, 2008) p 328 

These two quotes illustrate the nature of the problem, it is assumed that consciousness 

arises from processing in the brain (although Chalmers notably refers to a physical basis, 

rather than brain states specifically), but as yet, it is not clear how. Investigations into the 
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Neural Correlates of Consciousness tend to be focussed on what is happening when we 

become conscious of something, that is, the contents of consciousness.  

In order to be conscious of anything, we first need to be awake, that is, the system needs to 

be in a state of arousal. Two systems appear to be involved in the state of arousal. The 

Reticular Formation in the brain stem projects to all areas of cortex and is involved in the 

activation and maintenance of the waking state, damage to this area results in coma (Baars, 

1993). However, while the brainstem enables consciousness, it does not provide any 

content, experience arises in the cortex (Koch, 2019). That is the brain stem appears to be 

necessary but not sufficient condition for consciousness experience. The Thalamus consists 

of projections to all areas of cortex, acting as a relay or gateway between different parts of 

cortex, integrating and synchronising information across different areas of the cortex and is 

involved in attentional engagement (Baars, 1993). Using a computing metaphor, the 

reticular system could be likened to the power supply, the energy source for the system. 

The thalamus could be likened to the motherboard, connecting and integrating information 

between various parts of the system: input processors, output processors, central processor 

and memory systems. 

It is assumed that consciousness arises as the result of neuronal processes in the brain. 

While different parts of the brain seem dedicated to particular forms of processing, visual 

and auditory areas, for example, the question arises, does visual consciousness, for 

example, arise in the visual areas of the cortex, or are the results of this processing fed 

forward to some higher order ‘module’ that specifically ‘does’ consciousness? There are no 

final answers to this, yet, but the evidence so far would suggest not. While damage to 

specific areas of the cortex may affect what we become conscious of, consciousness itself 
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seems to be associated with widespread activity across the whole brain. Damage to 

different areas of the brain appears to result in selective loss of conscious experience. 

Patients suffering from unilateral neglect, for example, lack awareness of one side of a visual 

scene, however, can still exhibit emotional responses to images in the blind side of the 

visual field. Blindsight patients, as a result of damage to areas of the visual cortex, report 

being unaware of objects placed in the blind region of their visual field, but can reach out 

and accurately pick up a glass of water in front of them (Dehaene, 2014). 

fMRI studies, however, such as Dehaene et al. (2001) have shown that unconscious 

processing results in localised activity, whereas conscious processing results in activation in 

widely distributed brain regions. 

 

1.5.1 Synchronous Firing 

 

Crick (1994) suggested that one possible Neural Correlate of Consciousness involved 

synchronous firing among neurons. This assertion was later modified by Crick and Koch 

(2003) to suggest that synchronous firing served to establish communication between 

distant populations of neurons.  While a number of studies appeared to support this 

hypothesis, and established that synchronous activity occurs in the 40-80 Hertz (Gamma) 

frequency range, Koch (2019) recently acknowledges that these early studies conflated 

conscious experience with attentional and reporting processes. This remains a problem in 

consciousness research. 
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1.5.2 Masking and Consciousness 

 

The borderline between conscious and unconscious processing can be investigated through 

a technique known as masking. If an image is briefly shown then replaced by second  image 

with 40 ms, it remains unconscious, within 50 ms it it seen on 50% of the trials and after 60 

ms it is always seen (Dehaene, 2014). 

Visual Masking - there are various types of masking, one being pattern masking. The mask is 

an image that matches the contours of the initial stimulus. Presenting the mask after the 

stimulus is called backward masking. The assumption is that the mask overwrites the initial 

stimulus and interrupts processing before reaching conscious awareness. 

Masking by object substitution - Enns and Di Lollo (2000) presented an initial fixation point. 

The target and mask is presented for 10ms. The display is then removed leaving only the 

four dots (mask). The target circle is rendered invisible. Enns & DiLollo explain these effects 

through re-entrant processing, when an area of the brain sends a signal to another area, a 

signal is sent back. Activation in the visual cortex ‘feeds forward’ via the dorsal stream to the 

inferotemporal cortex (involved in object recognition) this region sends a signal back. The 

establishment of recurrent communication is necessary for the stimulus to become 

conscious and available to attention for assembly and report (awareness and attention 

being separate processes). This takes around 100ms to be established. If the initial stimulus 

is replaced before recurrent processing is established, the signal sent back to the visual 

cortex is no longer consistent with the one feeding forward, the original stimulus does not 

reach conscious awareness & processing switches to the new stimulus. However, spreading 

activation initiated by the ventral stream message remains for a period, priming the 
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subsequent stimulus if it is semantically related. The implication of this is that our conscious 

experience of the world lags behind the real world by at least 100ms.  

 

1.5.3 Recurrent processing 

 

According to (Lamme (2003); Lamme & Roelfsema, 2000), visual consciousness is the 

product of ‘recurrent processing’. A stimulus reaches the visual cortex around 40 ms after 

onset. Neuronal activity feeds forward (Feed Forward Sweep, FFS) from the early visual 

areas to ‘higher’ visual processing areas, all areas being activated after 60ms. At this point, 

after about 100ms, recurrent interactions begin, both horizontally within these areas, and 

vertically between higher and earlier visual areas. It is this recurrent interaction between 

visual centres that give rise to visual awareness. Evidence is presented by backward 

masking. If a stimulus is presented long enough to activate feed forward processes, but not 

long enough for recurrent processing to begin, the stimulus does not reach consciousness. 

At this level, there is relatively little competition between multiple stimuli, we therefore 

have phenomenal awareness of many objects in a scene as illustrated in Figure 1.1.  
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Figure 1.1 Four Stages of Cortical Processing (Lamme, 2010) 

The FFS continues to higher areas involved in executive function, such as the pre-frontal 

cortex, placing it within the context of the organism’s current goals and needs, recurrent 

processing between these ‘higher’ cortical areas and the visual areas gives rise to access 

consciousness. However, there are multiple streams of information competing for access to 

these higher areas, attention is required to select a limited number of streams for higher 

order processing, only a small number of recurrent processes are able to span the full range 

between early and higher cortical areas, we only have access consciousness for a small 

number of items in a scene  (Lamme, 2003, 2010). It should be noted in Figure 1.1, that 

contents become conscious when recurrent processing is established without the need for 

attention, attention is engaged when processing reaches the frontal regions and is required 

for conscious report. 
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1.5.4 The Global Neuronal Workspace 

 

 Dehaene (2014) defines a number of forms of processing. Unconscious Processes - Most of 

the processing in our brains is unconscious and will always be so, e.g., processing in early 

areas of visual cortex, parallel, fast, efficient but inflexible. Preconscious Processes - are 

available for conscious access, but may not necessarily be accessed, if attention is directed 

elsewhere. Conscious Processes appear to enter awareness “all at once” are serial, slow, 

inefficient but flexible, and adaptive to novel situations (Dehaene, 2014) . 

 

Figure 1.2 Conscious and unconscious processing (Dehaene et al., 2006) 
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The contrast between conscious and unconscious/preconscious processes is illustrated in 

figure 1.2. With weak or interrupted stimuli, short lived and transient activity feeds forward, 

together with 30-80 Hz gamma activity but quickly dies out, frontal areas are not activated 

(Figure 1.2). With a sufficiently strong signal, activity is greatly enhanced, amplified and 

sustained and invoking widespread activity but remains preconscious and confined to 

sensory processing until it feeds forward to prefrontal areas and top down top town 

attention is engaged, with activity feeding back to the visual areas. Contrary to Crick (1994), 

synchronous activity occurs in unconscious processing, but greatly amplified and sustained 

in conscious processing.  

Conscious access, that is, access to preconscious contents requires the activation of 

prefrontal areas and the engagement of attention. There is a distinction between selection 

and access, selection is attention, access is consciousness. However, the selective function 

of attention operates outside awareness. The two processes are dissociable, however 

according to Dehaene (2014), “Clearly, then, most if not all of the selective functions of attention 

have to operate outside our awareness” p20 

In contrast to  Lamme (2010) , where phenomenal awareness occurs before attention is 

engaged, conscious access requires attention. This highlights an ongoing debate about the 

role of the prefrontal areas and the relationship to top down attention in conscious 

experience. 

 

Dehaene and Changeux (2011) propose a “Global Neuronal Workspace (GNW)” as the 

neural instantiation of the Global Workspace, a cognitive theory first proposed by (Baars, 

1993).  The workspace consists of pyramidal cortical cells with long range axons relay 
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between cortical areas via the thalamus forming a network across widespread areas of the 

cortex amplifying and maintaining representations for long durations maintaining conscious 

contents in mind. The network broadcasts conscious contents across the brain, making it 

available other cortical processors. Activity is no longer confined to local, non-conscious 

processors but can be shared efficiently by many processors. It is this brain wide, integrated 

activity that seems to be a neural correlate of consciousness. 

 

1.6 The Location of Consciousness 

 

In contrast, Koch (2019) argues that consciousness resides in the temporal-parietal-occipital 

region of the posterior cortex, or  “posterior hot zone”. This is supported by evidence that 

large parts of the brain, such as the cerebellum can experience damage, lesion or surgical 

removal without loss of awareness. While this may have an effect on motor skills, it does 

not lead to loss of awareness or conscious experience. Similarly, large parts of the pre-

frontal cortex can be damaged or surgically removed, leaving conscious experience intact. 

While this region may be involved in metacognition and the reporting of experience, it is not 

necessary for experience as such (Koch, 2019). This view is in conflict with higher order 

theories of consciousness which suggest that conscious experience requires activation of 

the executive functions of the pre-frontal cortex (Dehaene, 2014). Indeed, evidence 

suggests that the pre-frontal regions of the brain are only activated when report is required, 

other brain regions associated with awareness are still activated in the absence of report 

(Lamme, 2004). Michel and Morales (2019) argue against this position which relates to an 

ongoing debate about the relationship between consciousness and attention.  
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But whether conscious processing is localised or distributed, the same problem still arises, 

how does all this ‘come together’ to provide a unitary sense of consciousness. If I drop my 

coffee cup on the floor, the sight of it hitting the floor may be processed in a visual 

consciousness region and the sound of it smashing in an auditory consciousness region, but I 

have a unified conscious experience, of my cup smashing on the floor, along with other 

consciousness experiences related to the event, irritation with myself and the memory of 

the trouble I got into last time I caused a coffee stain. This is a single, integrated experience 

in my “field” of consciousness (Searle, 2000). 

While specialised processors provide access to certain aspects of conscious experience, 

localised processing remains unconscious, consciousness correlates with widespread, 

synchronous and integrated activity. There is no place in the brain where it “all comes 

together”. While it is accepted that the brain builds a representation of reality, there are no 

“pictures in the head”. So how do we experience the world as “out there” extended in time 

and space? According to Gray (2004), our brains construct the world, the world we perceive 

is not the real world, but a simulation of the world presented in our brains, which we take to 

be (falsely) as an accurate representation of the external world. but we do not experience it 

as an inner construction. 

According to Velmans (2009)these two views of experience, the objective, third person view 

(afforded by the study of the cognitive and neural correlates of consciousness) and the 

subjective, first person view are two mutually exclusive, but complementary descriptions of 

experience (roughly analogous to the wave, particle duality in physics), which he refers to as 

“reflexive monism”.  From the third person perspective, consciousness appears to play no 

role in information processing, but out brains, somehow project the result of those 



19 
 

processes back out in the world, through some projection mechanism. As Velmans (2009)  

says “the contents of normal phenomenal consciousness are neither beyond three 

dimensional space (as dualists assume) nor contained within just a tiny bit of three-

dimensional space (as materialists assume). Rather, these contents define and fill three-

dimensional space as they are none other than the everyday world, or universe, as-

experienced” p 294 

 

1.7 Consciousness and free will 

 

In our day to day activities, we have the subjective experience of making conscious decisions 

and actions. However, from a scientific and philosophical point of view this presents a 

problem. Consciousness is regarded by most scientists as an “emergent property” of matter, 

specifically, as the result of neural processes. But the physical world, at the macrocosmic 

level at least, is considered “causally closed”. How can consciousness act on and effect a 

causally closed physical world? Many of our actions and behaviours can be explained 

neurologically without recourse to consciousness, this is compounded by the fact that the 

Neural Correlates of Consciousness often arise “too late” for conscious decisions (Gray, 

2004). 

 

Is consciousness an “epiphenomenon”? Libet (1993) asked participants to move a finger at 

random, at self-determined times and indicated the time of the conscious decision to act by 

noting the position of a moving spot on a clock. A readiness potential appeared in the motor 

cortex, on average, 350ms before the conscious intention, at minimum 150ms. This is 
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interpreted to mean that decisions are already made at an unconscious or preconscious 

level before we become aware of them. Libet suggests that the role of consciousness is to 

suppress or inhibit decisions already made at an unconscious level, “free won’t” rather than 

free will. This, of course, sidesteps the issue, the same question applies, how could a 

conscious decision act on the brain to inhibit an unconsciously determined action? Why 

would a decision to act come before conscious awareness of that decision, while the 

decision to veto is made consciously? If all decisions are made unconsciously, then so would 

the decision to override the initial decision.  

 

 According to Gray (2004) “The scandal of Libet’s findings is that they show the awareness of 

conscious volition to be illusory” , p23. This reduces consciousness to a late error detection 

mechanism in Gray’ view.  If “consciousness comes too late” for many of the actions and 

decisions we make, is free will an illusion? However, in Libet’s experiment participants are 

instructed to make a conscious decision to perform an action at supposedly random 

intervals. They know they cannot just sit there and do nothing. Is the appearance of the 

action potential a sign that the “decision” has been made, or has the conscious intention to 

make a decision in the near future prepared the brain for action when the command 

comes? Even if it were the case that in some situation’s decisions are made before 

conscious awareness, it does not necessarily follow that this is the case in all situations, 

particularly, long term planning and decision making. The view that free will is an illusion, 

however, is a useful device in that it neatly side-steps another problem. It has been argued 

(Velmans, 1991) that consciousness is the end product of information processing but does 
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not enter into it. Is there a causal role for consciousness? If consciousness is the result of 

neural processing, how can it act back on and modify neural processes? 

 

1.7.1 Field Theories of Consciousness 

 

The problem of how consciousness can act back on and modify neural processes has been 

addressed by several theorists and researchers by proposing field theories of consciousness. 

Popper et al. (1993) suggested that consciousness was a property of some overarching field 

that integrates and binds information distributed across different populations of neurons. 

Interestingly, most current field theories have been proposed by neuroscientists.  

It has long been known that the brain, as a result of electrical activity in neurons, generates 

its own electromagnetic field, which can be measured through EEG recordings. McFadden 

(2002) argues that it is this Electromagnetic (EM) field that is the seat of consciousness and 

explains how discrete, digital processing (neurons firing or not firing) give rise to the unified, 

continuous ‘analogue’ experience that is consciousness. This field connects distant 

populations of neurons, the firing of which gives rise to modulations in the brains EM field. 

Neurons firing asynchronously give rise to modulations or wave patterns that tend to cancel 

out, whereas synchronous firing amplifies the EM field producing a conscious experience, 

that is, binding takes place in the EM field.  

While electrical currents generate EM fields and modulations on those charges modulate 

the field, directly modulating the field affects the behaviour of the electric current. Similarly, 

while the activity of neurons affects and modulates the brain’s EM field, the field itself can 

modify and direct neuronal processing. This could perhaps be related to the distinction 
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between phenomenal and access consciousness: the effects of neurons on the field giving 

rise to phenomenal consciousness, while the effect of the field on neuronal processing 

relate to access consciousness, that is, preparation for report or action.  

John (2001) presents evidence that synchronous firing between distant populations of 

neurons that seem to accompany binding takes place with zero time lag, that is, no signal 

passes between them to initiate and maintain the synchronous firing. From this and other 

evidence, obtained by examining changes in neuronal activity during anaesthesia and with 

the return of consciousness, leads him to postulate a brain field, resonating in core 

structures such as microtubules, which provide the neural substrate of consciousness.    

Libet (1994), on the other hand, proposes that unified subjective experience can be 

explained by the existence of a Conscious Mental Field (CMF) that is produced by brain 

activity, but does not belong to any currently known category of fields such as 

electromagnetic or gravitational fields. The brain’s EM field represents the ‘interface’ 

between neuron processes and this higher order, non-physical CMF. He argues that this field 

is only detectable by introspective report from an individual’s subjective experiences. This 

concept of a field that cannot be objectively measured provides a problem for many 

scientists; however, perhaps the key is in the phrase, ‘currently known’. It is not unusual in 

science, particularly physics, for hypothetical entities to be proposed as an explanation of 

phenomena, which only subsequently become amenable to verification through objective 

measurement. While field theories may seem intuitively appealing, as an explanation of the 

unity of conscious experience, and it may be that a final theory of consciousness will be 

some form of field theory, all suffer from the same limitation, they may have some 

explanatory value, but they are, as yet, unable to generate testable hypotheses. 
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1.7.2 Quantum Brain Biology 

 

According to Hameroff and Penrose (2014) consciousness arises through quantum 

computations in neuron microtubules. The brain evolves into a number of superposed 

potential states described by a ‘wave function’. The ‘collapse’ of the wave function, or 

orchestrated objective reduction, into a single definite state results in a “moment’ of 

consciousness”, related to “moments of experience” in Buddhist philosophy. In this view 

Consciousness as a fundamental property of spacetime. Quantum theories of consciousness 

are usually dismissed with something along the lines, quantum theory is mysterious, 

consciousness is mysterious, therefore they must be related. Koch (2019) however, while 

not seeing a need to evoke quantum theory to explain consciousness (as yet), holds an open 

mind. 

 

1.8 Cognition and Consciousness 

 

In cognitive psychology most research involves looking at higher level processes that appear 

to depend on consciousness. Schneider and Shiffrin (1977) argue that controlled processes 

require consciousness, whereas automatic processes are unconscious, it is the final products 

of automatic processing that enter consciousness (Kihlstrom, 1996). Consciousness research 

in cognitive psychology tends to focus on understanding the conditions under which non-

conscious, as compared to conscious, processes operate, selective attention, being an 

example of a cognitive process that is strongly related to conscious awareness. 
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The general approach is to consider consciousness as a variable and investigate the 

differences between conscious, or explicit and unconscious, or implicit, processes. Through 

comparing the differences between explicit and implicit processes, some understanding of 

the function(s) of consciousness may be determined. In this approach, the operational 

definition of consciousness is those elements of experience that are reportable  (Baars, 

1998). This definition could be problematic, there are certain aspects of yesterday’s events 

that I cannot recall, therefore not report on, today. Does this mean that I was not conscious 

of these events at the time, or because there was nothing of particular importance or 

salience to be encoded in long term memory? It is possible, therefore, that this definition 

conflates consciousness with attention, this distinction will be addressed later. 

 

1.8.1 Implicit Cognition 

 

The concept of implicit learning implies that learning can take place outside of conscious 

awareness. While studies, such as those by Reber(1996) investigating the learning of 

artificial grammars,  have found some evidence for implicit learning,  it would seem that 

only very basic learning is possible (Hirshman & Durante, 1992) involving repetitive 

sequences and actions, or structural relationships and is not particularly useful (well, 

learning grammar is quite useful). We cannot access the learned material consciously and 

are unable to report on it, access consciousness is absent. The active process of conscious 

attention and selection seems necessary for the learning of complex material and skills. It is 

difficult to see how someone could learn algebra without being conscious of it. 
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As   Kihlstrom (1996)  “When it comes to learning, it is probably better to be conscious than 

unconscious”  p 38 

 

Studies into implicit memory and perception have also found that, while information may be 

processed unconsciously, in fact, most of it is, only a limited amount of meaning can be 

extracted without awareness. Again, according to Kihlstrom (1996)  “When it comes to 

perceiving and remembering too, it is probably better to be conscious than unconscious.” p 

39 

Consciousness seems to be important in processing the meaning of what we learn, perceive 

and remember. This has been challenged by Velmans (1991), arguing that nowhere in the 

causal chain of cognitive processing is the any space for consciousness to enter into and 

effect that processing, at least from a third person perspective. We only become conscious 

of something as the end product of such processing. This questions whether consciousness 

has any function in cognition, despite the fact that it may seem this way from a first person, 

subjective perspective. 

 

1.9 Cognitive theories of consciousness 

 

The problem of consciousness for cognitive psychology is explaining how the concept fits in 

to the information processing account, that is, what function(s) does consciousness 

perform, what are the mechanisms that result in consciousness? Given that consciousness is 

often approached indirectly or used as an explanatory concept, such explanations are 

necessary if cognitive psychology is to have a sound theoretical basis (Shallice, 1972). While 

it has been argued that consciousness does not enter into information processing, therefore 
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cannot be described in functional terms, but is best described as a form of output (Velmans, 

1991), others have argued that it is always functional (Cohen & Dennett, 2011) , in fact, 

must be explained in functional terms if any theory of consciousness is to generate testable 

hypotheses. 

 

1.9.1 Working Memory Model 

 

The Working Memory Model (Baddeley & Hitch, 1974), has been successful in explaining a 

number of cognitive functions. In the original formulation the model consisted of two 

temporary stores, a phonological loop and visuospatial sketchpad forming an interface to 

long term memory and the Central Executive, an attentional system that controls and 

coordinates the lower level systems.  

  

Baddeley (1992) later describes consciousness as a function of the Central Executive. An 

Episodic buffer was added to the original model of working memory for storing bound 

information model (Baddeley, 2000) acting as an interface  between Working Memory, LTM 

and consciousness. On this view, consciousness is a functional component of working 

memory, adding flexibility, reflection on past events and the planning of future actions. 

Further, if the Central Executive is an attentional control system and consciousness is a part 

of that system this would imply that consciousness and attention are very tightly related, 

with consciousness being a component of the attentional system. Baars (1997) however, 

stresses the important differences between working memory, attention and consciousness, 
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further, that the functions usually ascribed to working memory can be explained by his 

Global Workspace theory of consciousness. 

  

 

1.9.2 Global Workspace theory 

 

Baars (1993) describes consciousness is a ‘global workspace’. The workspace is distributed 

across the whole brain and is a means of collecting together the results of processing from 

unconscious cognitive modules. Unconscious input processors compete for access to the 

workspace, once access is gained, that information can be broadcast throughout the system, 

integrating information and accessible to output processors controlling behaviour. I may be 

driving, mainly unconscious of the process of using the break and accelerator, if I want to 

speed up, I press the accelerator, if I want to slow down, I press the break, but as a learned 

skill, it occurs mostly automatically. Until I press the break, and nothing happens. The 

unconscious processors guiding this behaviour gain access to the workspace, it is now more 

important than listening to the passenger, access to the workspace broadcasts this 

information throughout the system, engaging attention, working memory to determine how 

to react and recruiting output processors to take the appropriate action. This conscious 

experience would then be stored in long term memory together with a note to self, get a 

new mechanic.  

 

Baars makes use of a theatre analogy, the global workspace is the stage, we only see what is 

on the stage, but actors can enter from backstage, remain on the stage for a time, and 

leave, the spotlight of attention can be distributed across the whole stage, or narrowed 
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down to a specific focus. The main features of the global workspace can be seen in Figure 

1.2.   

 

 

 

  

Figure 1.2 The Golobal Workspace (Baars, 1993) 

Conscious processing takes place within current, largely unconscious contexts, such as 

expectations, enduring dispositions which serve to constrain what becomes conscious. 

Working memory are components of the workspace, but distinct processes from 

consciousness as such (Baars, 1997). Consciousness creates access to unconscious content, 

such as long-term memory attention creates access to consciousness. In this sense, 

attention determines which unconscious input processors gain access to the workspace. 
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According to Baars(2002) 

The theory produces a number of predictions that are supported by evidence. 

Conscious perception involves more than sensory analysis, it enables widespread 

brain sources, whereas unconscious input processing is limited to sensory regions 

Consciousness enables comprehension of novel information, such as new 

combinations of words… 

Working memory depends on conscious elements, including conscious perception, 

inner speech and visual imagery, each mobilising widespread functions… 

Conscious information enables many types of learning, using a variety of different 

brain mechanisms… 

Voluntary control is enabled by conscious goals and perception of results… 

Selective attention enables access to conscious contents, and vice versa. 

Consciousness enables access to ‘self’ executive interpretation in the brain. 

(Adapted from Baars (2002), p 48-50, my emphasis) 

 

Baars (1993) theory, therefore, incorporates and explains studies into implicit/explicit 

cognition. Consequently, there is no single, unitary function of consciousness, rather, 

consciousness enhances and unifies many cognitive functions. This is consistent with the 

neurological evidence described earlier. While there is evidence that conscious experience 

correlates with some kind of global workspace (Dehaene & Naccache, 2001), it is not clear 

why such a workspace should necessarily be accompanied by experience. One could imagine 

such a workspace operating without consciousness. Baars also uses the analogy of a 

noticeboard. Information posted on the board is then available to other processors that can 

read and act on the information available. But whether we think of the workspace as 



30 
 

analogous to a notice board or a shared drive on a computer or a theatre, it is usually the 

input and output processors (human beings), that are conscious, the workspace, itself, is 

unconscious. The analogy actually inverts the real situation. In other words, it does not 

answer Chalmer’s “hard problem”, why is this workspace accompanied by experience? 

 

 

1.9.3 Multiple Drafts Theory 

 

Dennett (1993) challenges the assumption that there is some central cognitive or 

neuroanatomical module responsible for consciousness, which he refers to as the Cartesian 

Theatre approach to consciousness. His ‘multiple drafts’ theory overcomes this by proposing 

multiple input streams are processed, producing multiple interpretations. Which of the 

many possible streams of information we become aware of is determined by the current 

needs and requirements for action. There is no central experiencer to which the products of 

processing are presented or some central workspace. In Dennett’s view, there is no unitary 

self that experiences reality, consciousness is a ‘bag of tricks’, Chalmers ‘hard problem’ is 

determined by the language we use to describe conscious experience, which are nothing 

more than brain states.  

 

According to Dennet (1999) 

I haven’t replaced a metaphorical theory, the Cartesian Theatre, with a non-

metaphorical (“literal, scientific”) theory. All I have done, really, is to replace one family 

of metaphors and images with another, trading in the Theatre, the Central Meaner, the 



31 
 

Figment, for Software, Virtual Machines, Multiple Drafts, a Pandemonium of Homunculi. 

(p 455). 

But there seems to be a lot of “seeming” in Dennett’s argument. Consciousness is not 

continuous, it just seems to be. We do not have a rich, detailed experience, we just seem to 

have. He seems to have replaced what he refers to as the Central Meaner with a Central 

Seemer, thereby ending up back in the Cartesian Theatre. If, no matter what we do to 

explain it away, we end up back in the theatre, there must be something there, or there 

must be some other explanation. If it doesn’t all come together in the brain, where does it 

come together? It comes together in our conscious experience. But if the brain does not 

build some inner representation of the world around us, how is it that I perceive a world 

inhabited by various sorts of objects extended in space and time? 

 

1.9.4 Consciousness as Integrated Information  

 

Edelman and Tononi (2000) have proposed the “Dynamic Core Hypothesis”. The dynamic 

core consists of a functional cluster in the thalamo-cortical system. Neural processes 

underlying conscious experience are highly differentiated (each conscious state is unique) 

yet at the same time highly integrated (each conscious state is experienced as a whole). 

Each conscious state rules out a number of other possible states, therefore it is highly 

informative.  Tononi (2008) later develops this as a more generalised theory of integrated 

information, developing a mathematical model that computes a quantity phi as a measure 

of complexity in an information processing system. This quantity is postulated as a measure 

of consciousness, further, that information, therefore consciousness, is fundamental, a 
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property of any complex information processing system. The consequence of this line of 

thinking is that any information processing system could possess some degree of 

consciousness, determined by the quantity phi as a measure of complexity and integration. 

I am currently aware of a visual scene, this scene has no doubt resulted from the processing 

of visual information coming from my eyes, building some form of informational 

representation of that scene in my brain. I can eliminate that processing, and presumably 

my measure of phi by the simple act of closing my eyes without experiencing any loss of 

consciousness as such (as long as I don’t keep my eyes closed for too long), just what I am 

conscious of. If consciousness is information, it must therefore be a different form of 

information than that being processed from sensory inputs. Integrated information is not 

destined for some receiving device but is an integrated whole, with causal power, existing of 

and for itself and cannot be reduced to its component parts (Koch, 2019). 

 

These considerations aside, the consequence of this theory and the functional approach to 

consciousness in general, leads to the possibility of conscious experience being realised in 

information processing systems other than brains. 

 

1.9.5 Machine Consciousness 

 

“If you are tempted to functionalism, I believe you do not need refutation, you need help” 

(Searle, 1992), p9 
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Cognitive psychology makes use of the ‘information processing metaphor’. Cognitive 

functions being regarded as equivalent to programs running on the hardware of the brain. 

This raises the possibility that, if the functions of consciousness can be fully specified and 

realised as a program, or interrelated set of functions, this would be independent of  any  

particular form of hardware, that is the brain could be replaced with a digital computer, 

raising the possibility of ‘thinking machines’. Attempts to reproduce human thinking and 

intelligent of machines is the goal of Artificial Intelligence (AI) within which we can 

distinguish between week and strong AI (Searle, 1980). 

Week AI treats the information processing metaphor as just that, a metaphor. Computers 

are a useful tool for formulating and testing hypothesis about cognitive functions in a 

rigorous manner (cognitive modelling). The strong AI position is that any machine that 

displays human like reasoning and intelligence really is a mind and can be said to have 

mental states and ‘understand’ in the same way as a human being. Some strong AI theorists 

would even go so far as making the claim that even a thermostat, when switching the 

heating on or off, is making a decision in the same way as a human being would be making a 

decision (McCarthy, 1979). 

But would it even be possible to determine if a machine is conscious? One proposition is 

known as the Turing Test (Turing, 1950). There are a number of versions of the test, but the 

essential features are these. Suppose a human participant engages in a natural language 

conversation with two other participants, via a remote keyboard, one of the other 

participants is in fact, a computer. If the first participant is unable to differentiate between 

the human and the machine, it is said to have passed the test and we must therefore assign 
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the same concepts of understanding, subjectivity and intentionality that we would attribute 

to the human participant. 

Apart from the inconvenient fact that no machine has, as yet, passed the Turing test, there 

are a number of issues with this. Suppose it was subsequently revealed to the first 

participant that they had, in fact been communicating with a machine, the illusion would be 

shattered. Even if they were of the hard AI persuasion and maintained that this machine 

was, in fact displaying intelligence and consciousness, suppose the machine was opened up 

and revealed to be a complex system of abacuses. Would it be reasonable to attribute 

consciousness to a system of abacuses? 

Searle (1980) counters the Turing test with a scenario he refers to as the Chinese room. 

Suppose a human a native English speaker is in a room with a letterbox through which 

questions can be posted. If the questions are in English, the operator ‘understands’ what is 

being asked and is able to reply to the questions. Suppose, however, some of the questions 

posted are written in Chinese. The operator has no understanding of the meanings of the 

symbols, what he has, however, is a book of instructions, written in English for transforming 

the input symbols into output symbols. With sufficient cleverness on the part of the manual 

writer (programmer), the answers given are indistinguishable from native Chinese, 

convincing anyone on the outside that whoever (whatever) is inside the box ‘understands’ 

Chinese. 

However, it cannot be said that the operator ‘understands’ either the questions or answers 

in the same way he understands English. In fact, he has no idea what any of it means. Here 

the human operator replaces the computer, but a computer performing the same 

operations on the symbols has no more understanding than the human, which is nothing. A 



35 
 

computer does not provide sufficient conditions for understanding. There have been a 

number of counter arguments to this, one being the “System Reply”. Rey (1986) argues that 

in this scenario, the human acts as a CPU in a system, it is the system that “understands” 

Chinese. The problem with this argument is that in Searle’s scenario, the human operator at 

least understands the instructions, otherwise he/she would not be able the carry them out. 

A CPU simply fetches a sequence of instructions, coded in binary, which switch on or off 

logic circuits, with no understanding of, or need to understand, the instructions being 

carried out. 

Even the term information processing may be misleading, a computer does not process 

information, it processes data, but it has no understanding of what data is, or even the 

concept of number. A computer may generate, a prediction of tomorrow’s weather, and 

produce some output in the form of graphs and tables, but it only really becomes 

information when a conscious human being looks at the output and thinks “I had better take 

my umbrella tomorrow”. The human understands the data, it then becomes information, 

the computer does not. 

Franklin and Graesser (1999) describe an implementation of Baars (1993) cognitive 

architecture in a software agent, arranging seminars at a University. While they claim the 

model works quite well in terms of the task it is intended to perform, they make no claims 

that this model is “sentient”, or at least have no way of telling. One of the things lacking is 

an effective modelling of the implicit as opposed to explicit learning, but, unless the model 

is conscious, would all learning not be implicit? They do claim, however, that should a 

sentient system be developed, it would be based on a global workspace architecture. The 

problem is, at what point would consciousness appear in such a model? Would there be a 
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gradual dawning of awareness as the model is refined? Or would there be some crucial 

component or refinement that results in a sudden awakening of awareness. What would 

such an experience even be like? Would it know that it is arranging seminars (and nothing 

else), how would it even know what a seminar is? While such systems may successfully 

model access consciousness, phenomenal awareness would be missing. It is likely that such 

models will always remain just that, models, simulations, of access consciousness, but 

lacking any subjective experience, zombies in Chalmers sense (Chalmers, 1996).  Of course, 

one answer would be to deny, or explain away, the concept of phenomenal consciousness 

altogether and simply assert, as with Dennett (1993), that all consciousness is access 

consciousness. 

 

Koch (2019) argues from Integrated Information Theory that computing machines, at least 

the machines available currently, will never become conscious. They are not integrated 

information systems; they can always be reduced to their component parts and a series of 

purely feedforward networks. Consciousness cannot be computed and any simulation 

running on a machine can no more give rise to consciousness than a simulation of a black 

hole can generate a gravitational field. 

 

It is more likely that attributions of intelligence and consciousness in machines is a 

sophisticated form of anthropomorphism, any intelligence displayed has in fact come from 

the mind of the programmer. Perhaps cognitive psychologists are asking the wrong 

question, the issue is not what the functions of consciousness are, but what cognitive 
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functions require consciousness for effective operation?  That is, consciousness can serve or 

add flexibility to many functions (Rosenthal, 2008). 

 

1.10 Attention 
 

Acccording to James (1905) 

Every one knows what attention is. It is the taking possession by the mind, in clear 

and vivid form, of one out of what seem several simultaneously possible objects or 

trains of thought. Focalization, concentration, of consciousness are of its essence. It 

implies withdrawal from some things in order to deal effectively with others…… (p 

204, my italics) 

James seems to be implying here that consciousness precedes attention. Attention is 

allocated to selected aspects of conscious experience for further processing and 

enhancement. This is not the view taken by most of the more recent cognitive theories of 

attention, however. 

 

A vast amount of information comes in through the senses, but we do not have the capacity 

to consciously process all of the information received.  ‘Attention’ is the process by which 

we select a subset of information available for further processing. Attention can also be 

conceived as the process by which we direct our limited cognitive resources toward some 

environmental stimulus or event in order to gain information about that event. This 

suggests two sources of limitation on attentional processing, a structural limitation and a 

resource limitation. 
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Early theories of attention addressed structural limitations, referred to as bottleneck 

theories. Information comes in through a number of input channels, one of which is 

selected for further processing. Early selection theories, such as Broadbents filter theory 

suggested that selection for further processing takes place at an early stage, based on 

physical characteristics of the inputs (Broadbent, 1958). Findings from studies in dichotic 

listening, however, found that certain information in unattended channels could break 

through to awareness, leading to Treisman’s attenuation model, unattended channels being 

attenuated rather than blocked (Treisman, 1964). Alternatively, Deutsch and Deutsch (1963) 

proposed a late selection model.  

 

As well as structural limitations, there are also capacity limitations on attention. Kahneman 

(1973) proposed that incoming information is analysed and integrated with information 

already in memory by a limited-capacity processor, we cannot, consciously, process all the 

information presented. Attentional resources are therefore limited. Resources are allocated 

a central processor depending on the amount of mental effort required for a particular task, 

or tasks. Several activities can be carried out provided they do not compete for the same 

attentional resource (visual, auditory) or if they don’t exceed overall capacity. A driver, for 

example, would withdraw from a conversation with a passenger when approaching a busy 

intersection. While early theories on the structural bottleneck in attention tended to focus 

on auditory attention, the most widely researched area has been on visual attention.  
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1.10.1 Visual Attention 

 

Attention can be described as the process of selecting information coming in through our 

senses for discrimination, action and report. Given that attentional resources are limited  

(Kahneman, 1973) we cannot process all of the information available to us. Usually what is 

attended are the most important aspects in a visual scene, but we can deliberately focus 

attention on a specific object, or a specific feature. With a traffic light for example, the most 

salient feature is the current colour of the light, rather that its form 

 

A distinction can be made between two forms of attention. Top down or endogenous 

attention, effortful and guided by conscious control, required when attempting to locate a 

specific item and bottom-up attention or exogenous attention, involuntary when something 

in the visual scene captures attention or “pops out” from a scene.  

 

We can also contrast overt attention, directing the focus of attention in the direction of the 

gaze and covert attention which involves and orienting of attention away from the direction 

of the gaze (Montemayor & Haladjian, 2015).  While we can measure overt shifts of 

attention by observation, such as fixations on a scene in visual attention, covert shifts of 

attention need to be measured indirectly, such as efficiency of detection of a given target 

while the gaze is kept on a fixation point (Posner, 1980). 
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There has been some debate over whether overt and covert shifts of attention operate on 

different neural circuits, either independently or inter-dependently, or whether both utilise 

the same neural circuitry. Hunt and Kingstone (2003) argue that overt and covert attentional 

shifts utilise different neural circuits, intending to shift the gaze to a location does not 

necessarily result in a covert shift to that location. Conversely, a covert shift of attention is 

not necessarily accompanied by an intention to move the eyes. Further, that endogenous 

and exogenous attention processes utilise the same, independent overt/covert neural 

circuits. 

 

de Haan et al. (2008), on the other hand, argue that the weight evidence suggests that overt 

and covert attentional shifts share the same neural circuitry, lending support to the 

premotor theory of visual attention. That is attention shifts arise from goal directed actions, 

an intention to shift the gaze to a particular spatial location generates an attentional shift to 

that location. If the intended eye movement is suppressed, this results in a covert shift of 

attention. In a review, however, Smith and Schenk (2012) conclude that, overall the 

evidence does not support this view, or is at least restricted to exogenous shifts of 

attention, rather than endogenous, goal directed shifts. 

 

There are several varieties of attention. Spatial attention, or attending to a region in space, 

often related to a spotlight that can zoom out to cover a wide area or focussed on a specific 

object location or object in space.  Object based attention in which attention is directed 

towards object like things in the world, operating after parallel processes have segmented 

object features into a discrete representation of the object. These high-level object 
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representations are built on a more basic, lower level process, feature based attention 

(Montemayor & Haladjian, 2015).  

 

Feature Integration Theory 

Visual search, as a means of investigating attention involves searching for a target among a 

display of non-targets. Variables of interest are usually accuracy of report and time taken to 

complete the search. Studies of feature-based attention require searching for a target that 

differs from the background in terms of shape, orientation, colour, or a combination of 

features. 

 

Treisman and Gelade (1980)  initially proposed a Feature Integration Theory of attention 

(FIT), when searching for a target item among non-targets, individual perceptual features are 

registered through an automatic, fast, initial parallel process encoding the visual scene along 

a number of dimensions such as colour, orientation and spatial frequency, registered in a 

number of separate feature maps. Identification of objects comes later and requires focal 

attention. When searching for a target differing on a single feature, search tends to be fast 

and efficient. However, searching for targets differing on more than one feature from the 

background item, a slower serial search is required to bind the features in order to identify 

the target attention providing the glue that combines separate features into objects. Failures 

of attention often result in an illusory conjunction of features. A distinction is made between 

identity and location, the former may precede the latter. There may be detection of a 

particular feature without knowledge of the location of a particular feature, but detection 

allows the location to be identified quickly (if detection implies awareness, this suggests that 
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awareness can guide attention to the location). This does not, however occur for 

conjunction searches, location must always precede identification, since attention must 

focus on the location to bind the features for identification.   

 

Notably, Treisman and Gelade (1980) do not deny phenomenal awareness, rather 

acknowledge that it presents a problem for FIT. What is outside the current focus of 

attention is not perceived as empty space and we cannot perceive an object without giving it 

shape, colour, location. Further, that conjunctions do occur outside the current focus of 

attention, “Even when attention is directed elsewhere, we are unlikely to see a blue sun in a 

yellow sky.” (p98). It is rather that top down focal attention, utilising contextual information 

and past experience, is required for the correct identification of conjunctions. 

Treisman (2006) incorporates the concept of object files. The information in object files can 

include an entire scene, the location and identity of a specific object, to individual 

components of an object. An object file for the entire scene results from a form of 

distributed attention, lacking fine detail, which can be focussed on more specific aspects of a 

scene for finer discrimination. It is object files that mediate conscious experience, that is, 

once an object file is created, as a result of attention binding features from specific locations 

in the feature maps, it is available for conscious access. 

 

While there is research evidence to support this, other research has shown effects on search 

time that cannot be explained by feature integration theory. Effects have been found that 

are not expected by FIT. Farmer and Taylor (1980) found that search difficulty is affected not 

just by the similarity of the target with the non-target, but non-target similarities also. 
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Further, there is evidence that feature binding can take place outside of focal attention 

(Pashler, 1998). 

 

Attentional Engagement Theory 

Duncan and Humphreys (1989) Attentional Engagement Theory (AET) blurs the distinction 

between parallel or serial processing, suggesting a continuum of ‘search efficiency’, 

determined both by both parallel and serial processes. A three-stage process is proposed, a 

parallel stage producing a structured description of the inputs across the visual field, 

followed by a selection process in which an internal template of the target, generated by the 

requirements of the current task, is checked against the initial representation. Finally, if a 

match is found, the selected information enters into Visual Short Term Memory (VSTM). 

While the initial process produces a description of the entire scene, this remains outside of 

awareness. Awareness of selected information is only available for conscious access on entry 

into VSTM, corresponding to access consciousness. This effectively rules out the possibility 

of phenomenal consciousness, which would require the results of the initial parallel stage to 

enter phenomenal awareness prior the allocation of attention.   

 

Further, they propose that that search times are affected, not just by the features of the 

target, but non-target features also (a finding not expected from FIT), proposing two 

interacting components, similarity of target to non-target and similarity between non-

targets. While whole groups of similar non-targets can be rejected simultaneously, dissimilar 

non-targets affect search time as each had to be identified and rejected as separate groups. 
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Guided Search 

 

Wolfe et al. (1989) proposed a modification of FIT,  referred to as the guided search model of 

visual attention. Initial parallel processes and late serial search are not separate processes, 

but the initial parallel stage can inform or guide the subsequent serial search to likely 

locations of the target. The initial parallel stage, dividing items into distractors and potential 

targets in several feature maps, such as colour and orientation. Each feature map excites the 

location of potential targets. If the target is defined by colour, red say, the location of red 

objects is excited in the colour feature map. This information is transferred to a master 

attention or activation map, these pre-attentive processes guide the subsequent serial 

search. Locations that receive the highest activation being checked off first.  

 

There is no qualitative difference, in this model, between feature and conjunction searches. 

If the target is for example, a red tilted bar, likely locations for red targets will activate the 

relevant locations in the activation map, location for tilted objects in the orientation map 

will also excite locations in the attention map. Location in the attention map that receive 

activation from both feature maps will receive the highest levels of activation, guiding the 

subsequent serial search to likely target locations. The attention map contains no 

information about the nature of the features themselves, red as opposed to green, but is a 

map of activations for likely locations of the target. In this sense, it seems the process being 

guided is a form of spatial attention.  

 

Activation is also determined by the salience of the target, red among green distractors 

would provide a stronger signal than light green against dark green distractors. This is not a 



45 
 

one-off process, visual search takes time, the information from the input is being constantly 

updated, with the accumulation of information, with the signal emerging from the noise 

over time, making it more likely that the target will be identified. It is acknowledged that 

certain situations present problems for this model, such as two target types with two 

distractor types, neither is it clear how this process would operate for briefly presented 

displays (Wolfe et al., 1989).  

 

The role of consciousness or awareness is not addressed. During a visual search, the entire 

display remains visible, allowing the possibility that initial parallel processing renders some 

awareness of the overall scene, but this is neither acknowledged nor ruled out. It can be 

assumed that a correct response to the presence of a target implies conscious report, but 

this is not stated.  

 

In three papers on guided search, there is no mention of consciousness, with awareness 

mentioned once, as part an output process on a diagram labelled Decision (Awareness?)  

(Wolfe, 1994, 2007; Wolfe et al., 1989). It should be said that the two later papers describe 

the development of a cognitive model of the guided search process, but consciousness 

seems to play no role in the theory. It could be argued therefore, that in terms of the 

relationship between consciousness and attention, guided search remains neutral, or at 

least, ambiguous. 

 

In summary the three theories of attention described above all suggest that consciousness 

arises at a late stage, after attentional processing. While initially acknowledging the 
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possibility of phenomenal consciousness outside the focus on attention, Treisman later 

attributes this to a form of distributed attention. Duncan and Humphries explicitly rule out 

the possibility of initial parallel processing becoming conscious, while Wolfe seems to avoid 

the issue. The implication, however, is that consciousness arises as a consequence of 

attentional processing but is not even a necessary consequence. This inference is perhaps 

supported in Wolfe (1994): 

The Guided Search project is not finished. Returning to the example that opened this 

paper, recall that hypothetical stack of journals that collapsed as you left your office. 

One day, perhaps, your robot will clean up the mess before you get back and it will 

be its Guided Search module that will locate the copy of Psychonomic Bulletin & 

Review that you were reading and put it back at the top of the stack. (p 233) 

 

Of course, it is not clear why such a robot would put that particular journal on the top of the 

stack, unless instructed to do so by you. Conscious intention initiates the process, and the 

end result is a conscious experience, you are seeing the Journal you have been reading at 

the top of the stack.  

 

Wolfe and Utochkin (2019) do later acknowledge that something is seen at the likely target 

location but is only positively identified after attention is applied and that attention seems 

to be required for conscious awareness. Further, that “Something is visible and processed 

before attention’s work is done. That experience and those processes are what we refer to 

as ‘preattentive’” p 20. But visible implies awareness, it is not just empty space.  

Further as Wolfe and Utochkin (2019) point out: 
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In contrast, once you are told what to look for, top-down, user-driven guidance will 

rapidly get your attention to a big green vertical item. If you are asked about small 

purple horizontal items, a new top-down setting will quickly reveal a rough line of 

three such items, changing your percept without changing the stimulus. (p 21) 

 

The above implies that top down, conscious intention, in some sense, programs the pre-

attentive processes to identify particular target locations, activating locations that match 

likely target locations. So conscious intention initiates the process, conscious awareness of a 

specific target is the final result, with no awareness in between? This may be true of the 

robot scenario, but a human remains aware of the display during search. 

 

However, it raises a question whether a target is conscious only after attention is applied. If a 

target can be identified at the initial parallel stage, as the theory implies, focal attention is 

not necessary for consciousness, the target can enter phenomenal consciousness from the 

result of parallel processing. Focal attention only being required when finer discrimination is 

required to improve confidence in the presence of the target. After all, as well as signal to 

noise ratio, activation of attention maps, it still leaves open the possibility that awareness of 

a potential target may also play a role in guiding subsequent serial search. 

 

Theory of Attention and Consciousness 

 

Raffone et al. (2014) directly address this issue in their Theory of Attention and 

Consciousness (TAC).  Serial attention operates on proto-objects encoded at early pre-



48 
 

attentive levels of the visual system representing initial binding of features such as colour, 

orientation and form, represented in a Visual Attentional Workspace (VAW).  Attentional 

filtering of proto-objects in a visual search task is achieved by serial shifts of attention, 

amplifying the neural representations of the features belonging to coherent proto-objects, 

with concurrent inhibition of competing proto-objects leading to attentional selection on 

detection of the target. 

 

Attentional selection provides the gateway, via an intermediate buffer, for proto-objects to 

enter the Global Workspace (Baars, 1993; Dehaene & Naccache, 2001)  corresponding to 

access consciousness (Block, 1995), making that information available for Visual Working 

Memory encoding, further action and report. The intermediate buffer between the VAW and 

the GW allows for the representation of competing proto-objects, with top down control 

and amplification from the GW on activity in the VAW to resolve the conflict. 

 

Raffone et al. (2014)  argue that amplification and ignition of proto-objects represented in 

the VAW, together with integration and selection steps indicate signatures of conscious 

representation, proposing that the VAW is a neural correlate of phenomenal consciousness. 

This would suggest that attention operates on a conscious representation of a scene, 

containing representations of whole objects, attention being required to determine whether 

a particular object in the scene is, in fact, the target object of the search. This overcomes the 

need to posit unconscious feature or activation maps and elucidates the roles of attention 

with respect to phenomenal and access consciousness.  
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1.10.2 Eye Tracking in Visual Search  

 

Much of what is understood about visual and perceptual processing capacity has been 

determined by eye movement studies, particularly those using gaze-contingent display 

change paradigms (SeeRayner, 1998 for a review). The direction of the gaze can be viewed 

as a direct measure of where attention is allocated (Hoang Duc et al., 2008). Studies that 

have used eye tracking to investigate attentional processes, together with gaze contingent 

displays, have found that during saccades, changes to a visual scene tend to go unnoticed 

(Rensink, 2002). Baars (1997) states “Like other elements of selective attention, the eyes are 

guided there in order to select and focus on certain conscious contents. Thus we move our 

eyes in order to make certain things conscious” p99.  On the face of it, this quote appears to 

be contradictory. If we move our eyes to select and focus, this implies the contents being 

selected are already conscious. The second sentence would imply that attention is necessary 

to make contents conscious. The relationship between consciousness and attention, that is, 

does consciousness precede attention or is attention necessary for consciousness, is often 

referred to as the overflow debate. The overflow position posits a rich phenomenal 

conscious experience, with attention required for further discrimination and report, that is 

consciousness precedes attention. The no overflow position holds that attention is always 

required for conscious experience, therefore any potentially conscious content remains 

unconscious or preconscious until attention is applied, that is, attention precedes 

consciousness. 
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1.11  Consciousness and Attention 

 

This apparently close connection between consciousness and attention has led to the two 

terms often being used interchangeably. Posner (1994), while implicitly recognising a 

distinction between consciousness as attention, regards attention as one of the 

‘mechanisms’ of consciousness, that understanding the brain mechanisms underlying 

attention is essential to an understanding of consciousness itself. 

 

However, the neuropsychological evidence suggests that consciousness and attention 

involve different neural mechanisms (Lamme, 2004).  Consequently, Baars (1999), argues 

that these two concepts are often confounded and stresses the importance of separating 

them. In visual consciousness, conscious awareness seems to be involved with the ventral 

stream (processes the ‘what’ of visual experiences) whereas attention seems to involve 

other brain regions, such as the thalamus and the pre-frontal cortex. Attention, according to 

Baars is the process by which potential conscious contents are selected, and that selection 

maintained. This is consistent with Treismans Feature Integration Theory (FIT) of visual 

attention. According to Treisman and Gelade’s (1980) Feature-Integration theory of 

attention, individual perceptual features are registered through a fast, initial parallel 

process, which then requires focal attention to ‘integrate’ features into perceptions of 

objects. Such features are registered along a number of ‘dimensions’ such as orientation 

shape and colour, which can have a range of values. These features are processed in 

different parts of the visual cortex, which raises the question, how are these features 

‘bound’ into the single, unified conscious experience of say, a red square. In this view, 
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binding requires attention, attention being in some sense, the route to conscious 

experience. 

 

These considerations would suggest that attention is a pre-requisite for consciousness, we 

need to attend to stimuli before we can become aware of them. This would seem to conflict 

with our subjective experience, the “common-sense” view that we are aware of more than 

we can attend to (Mole, 2008). However, if we need selective attention for stimuli to enter 

consciousness, how do we know what stimuli to attend to before we are conscious of them? 

If this is the case, it would  imply that selections for attentional processing are necessarily 

made by pre-conscious processes (Dehaene, 2014) .  

 

These opposing views have led to considerable debate over the relationship between 

consciousness and attention, with research purporting to support one view or the other, 

which can be illustrated by Figure 1.3 below. In the first case, only attended inputs enter 

into awareness (and are therefore reportable), unattended inputs remain pre-conscious. In 

the second case, we are aware of more than we can attend to, but attention is required for 

conscious report. 
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Figure 1.3 The relationship between consciousness and attention (Adapted from Lamme 

(2003)) 

 

 

1.11.1 Attention then Consciousness 

 

The attention-first position is supported by (Dehaene, 2014), the selective functions of 

attention operate outside of conscious awareness, at a preconscious level, preconscious 

here referring to content that has the potential to, but does not necessarily become, 

conscious. The phenomenon of Change Blindness (Simons & Levin, 1997) and Inattentional 

Blindness (Mack & Rock, 1998) are often cited as evidence for this view.  

 

Change blindness 

 

In change blindness experiments, participants often fail to notice even large changes in a 

visual scene if the object in question is not the subject of focal attention (Simons & Levin, 
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1997). This effect is particularly apparent if presentation of two images is separated by a 

momentary blank, so participants are unable to see the transition (the flicker paradigm). 

Rensink et al. (1997) presented participants with forty 8 colour images of real-world scenes. 

Images were displayed for 240ms followed by an 80ms blank, then repeated, with objects 

that were deemed to be of marginal interest being changed between presentations. It was 

found that approximately 5 seconds was required before the change was detected. They 

concluded that unless attention was allocated to the object in question, participants were 

blind to the change. This is often interpreted as evidence that conscious awareness is 

limited (Simons & Ambinder, 2005). Alternatively, this effect could be due to a limitation of 

memory, integrating and comparing information across presentations, for example, 

participants do tend to notice changes that alter the “gist” of the scene implying that overall 

meaning is conscious (Tsuchiya & Koch, 2008).   

 

Change blindness experiments involve making changes to a visual scene, either between 

displays or during eye movements. However, as Simons and Levin (1997) point out after a 

review of the experimental evidence, when we make a fixation on a scene, we extract the 

gist along with what appears to be a detailed representation of the scene. Changes made 

before the next fixation tend to go unnoticed, a detailed representation is not maintained 

across fixations. This is taken as evidence that our representation of the scene is sparse, 

attention is required to detect changes. However, even if a detailed representation is not 

maintained, it does not follow that a detailed representation is not experienced at fixation. It 

may be that there is no previous representation in visual working memory to make a 

comparison. However,  an experiment by Henderson and Hollingworth (2003) involving 

changes and deletions to saccade targets in a natural scene (a telephone in an office) found 
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that such changes were readily detected. They concluded that a rich visual scene was 

retained between saccades, interestingly, fixation duration of the target object was 

increased even in the absence of explicit report of the change, this would challenge the 

assumption that lack of report entails lack of awareness, it could be due to uncertainty 

about whether a change has taken place.  

 

In further research Henderson and Hollingworth (1999) investigated the role of fixation 

position in detecting changes in natural scene, a living room. Change detection was 

measured under two experimental conditions, a rotation of the target object by ninety 

degrees or deletion of the object during a saccade either toward or away from the target. A 

control condition involved a change to an object elsewhere in the scene.  

 

They found that participants failed to notice a rotation, either during a saccade toward or 

away from the target, concluding that orientation information was not preferentially 

encoded at fixation. In the deletion condition, detection was improved, with performance 

being better for a saccade toward than a saccade away from the object, indicating that 

information about the presence of the object was encoded prior to a saccade toward it. 

Despite this improvement, there were still some failure to detect the deletion in the toward 

condition.  

 

Dretske (2007) argues that such experiments tell us nothing about perceptual experience as 

such, just what a person has noticed or not noticed and is able to report. Not noticing a 

change to an object in a scene does not necessarily mean that one is not conscious of the 
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object in question, “Change blindness exhibits a failure to notice (and hence, know) not a 

failure to see” p 216. This taps in to the phenomenal, and access consciousness distinction 

(having an experience and knowing one is having an experience). It is possible, therefore, 

that our moment by moment phenomenal experience may still be rich and detailed, but 

detection and report require access consciousness, mediated by attention.   

 

Inattentional Blindness 

 

In what is now a “classic” experiment  Simons and Chabris (1999) instructed participants to 

watch a scene in which two teams were passing around a basketball. Participants were 

instructed to count how many passes one of the teams made to each other. It was found 

that, overall, 46% failed to notice a person dressed in a gorilla suit wander through the 

scene. This failure to notice was related to the difficulty of the primary task, with more 

failures in a hard condition (separate counts or aerial and bounce passes) than an easy 

condition (just counting passes). While this could be interpreted as evidence that attention 

is required for consciousness, it could be that attention in this case was suppressing 

awareness of events that were not salient to the central task. While the fact that many 

participants failed to notice is remarkable, there is the converse finding that many, around 

half, did notice despite completing the primary task accurately. It could be argued from this 

that the evidence suggest that phenomenal consciousness extends beyond focal attention, 

that is, evidence for the consciousness first perspective. Whether these findings support the 

attention first or consciousness first position would seem to depend on which participants 

are the focus of interest, those who noticed or those who did not (as an aside, one would 

suspect that if this was a live scene and a real gorilla walked in, everyone would notice).   
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A theory that explicitly relates consciousness and attention is the attention schema theory. 

Graziano (2013), describes awareness as a sketch, or model of the attentional state of the 

brain. While accepting that consciousness and attention are different things and are 

therefore dissociable, it is attention that provides the information on which awareness is 

based, consciousness if just another form of information, in the form of an attentional 

schema.  In this respect, attention is primary, consciousness be dependent on attention 

“awareness almost always tracks attention” (Graziano, 2013, p27). Graziano claims that this 

theory encompasses Block’s phenomenal, access consciousness distinction (Block, 1995). 

The brain constructs a rich detailed representation of a visual scene from which a 

consciousness schema is constructed. But the rich visual scene results from the current 

attentional state of the brain, he therefore seems to be equating phenomenal 

consciousness with attention and the attentional schema, consciousness, with access 

consciousness. While he accepts that there can be attention without consciousness, by 

definition, this theory would exclude the possibility of consciousness without attention, 

given that “awareness is an attention schema” (Graziano, 2013, p 6).  

 

From the attention-first perspective only attended inputs enter consciousness. Given that 

attention is a limited capacity mechanism (Kahneman, 1973), our conscious experience is 

rather limited and sparse, the apparent subjective experience of a rich phenomenal field 

being largely an illusion conjured by the brain to fill in the ‘gaps’ (Dennett, 2017). But, if we 

need selective attention for stimuli to enter consciousness, how do we know what stimuli to 

attend to before we are conscious of them?  Others, however, argue that our subjective 
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experience of a ‘rich’ phenomenology is more than an illusion, that is, consciousness 

overflows attention.  

 

 

1.11.2 Consciousness then Attention 

 

According to Lamme (2003) attention does not determine whether stimuli enter 

consciousness, but determines whether those contents enter working memory and are 

therefore available for later conscious report. That is, attention makes and maintains 

selections from phenomenal consciousness to produce access consciousness. We are aware 

of many stimuli in our environment but can only later report on those to which we have 

attended. 

 

Dual Task Paradigm 

Participants are instructed to complete a task that requires focal attentive processing, while 

simultaneously responding to another task outside the area of attention.  Li et al. (2002) 

presented participants with a demanding letter discrimination task, requiring focal 

attention. A central stimulus consisting of combinations of five T and L’s was presented for 

133 to 240ms (depending on subject), then replaced with a visual mask. The SOA for each 

participant was determined by performance on the central task during training, reduced 

until performance was stable at 85% and less than 250 ms, to avoid attention being 

switched to the other task. The procedure is illustrated in Figure 1.4 
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Figure 1.4 Stimuli presented to participants (Li et al., 2002) 

 

Participants were asked to respond whether the five stimuli were all the same or whether 

any of them were different. Concurrently an image was displayed peripherally, and 

participants were instructed to categorise the image as an animal or not by pressing an 

appropriate key. 

 

It was found that participants performed well in categorising the scenes outside of the focus 

of attention, with no cost to performance on the central task. This was interpreted as 

indicating awareness outside of focal attention. The difficulty in such experiments is 

eliminating attentional processing completely from the peripheral stimulus. Classifying the 

peripheral stimulus is itself a form of report and if attention is required for report this type 

of experiment is perhaps vulnerable to the criticism that this is still confounding attentional 

with conscious processing. 
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Sperling Paradigm 

In a series of experiments, Sperling (1960), found that when participants were presented 

with a brief  display consisting of three rows of four letters they were subsequently able to 

report on average, 4.5 letters. However, when cued with a tone, to report on one of the 

three rows, at least three letters from the cued row were often reported, the implication 

being, that the entire display enters iconic memory, but this fades quickly, limiting the 

number of items available for report. The question as to whether participants are briefly 

conscious of the full display , or more specifically, the identity of the letters in the display  

(Block, 2007), or whether the identity of the letters remain unconscious until attention is 

directly at a specific row in the iconic representation (Cohen & Dennett, 2011) is a matter of 

considerable debate. Cohen and Dennet argue that Block’s appeal to phenomenal 

awareness is not the clearest explanation of these findings, but it does seem somewhat 

clearer than attempting to provide an explanation that denies participants reported 

subjective experience, that they were aware of the whole display of letters. An alternative 

approach is to ask participants to report, not during the course of the experiment, but 

subsequently. 

 

 Bronfman et al. (2014) used a version of the Sperling paradigm to investigate consciousness 

outside of focal attention. Participants were presented with four rows of six letters, one of 

the rows pre-cued for focal attention. Each array was presented for 300ms with a 900ms 

blank interval, after which a letter position was cued with a white block and participants 

prompted to report the letter that occupied that location. Letters in the rows were of either 
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high or low diversity colour, with the non-cued rows being either of congruent or 

incongruent contrast diversity with the cued row as shown in Figure 1.5.  

 

 

Figure 1.5 Colour diversity stimuli (Bronfman et al., 2014) 

 

Participants were able to report the colour diversity of rows outside of focal attention with 

no cost to the letter naming task. This is interpreted as support for the rich 

phenomenological position; that is, that initial visual perceptual experience contains more 

information than is subsequently available for report. As with the dual task paradigm, the 

difficulty here is eliminating attentional processing outside of the central task. If 

consciousness precedes attention, with attention required for report, the ability to 

subsequently report the colour diversity would imply some degree of attentional 

processing. 

 

Sligte et al. (2008) have that found there exists, between iconic memory and Visual Short 

Term Memory (VSTM)  an additional, high capacity memory display, lasting for 4 seconds 
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referred  to as Fragile Visual Short Term Memory.  They argue that VSTM is dependent on 

attention, making selected items available for cognitive access and report whereas fragile 

VSTM is formed without the need for attention.  

Vandenbroucke et al. (2011) carried out three experiments designed to dissociate fragile 

VSTM from VSTM by disrupting attentional processing of an array of angled bars. Attention 

was disrupted by three methods, temporal uncertainty, and n-back task (reporting the 

identity of a central letter in a previous display) and an attentional blink paradigm. 

Participants were asked to report whether a cued bar had changed orientation on 

subsequent presentation of the array.   

 

Participants were presented with a memory array and were instructed to remember the 

orientation of the rectangle prior to presentation. A cue as to which rectangle may change, 

after the offset of the memory array, but prior to the presentation of the probe array 

measured fragile VSTM, whereas a cue presented with the probe array served to measure 

VSTM. Their findings showed that while the attentional disruption adversely affected VSTM, 

fragile VSTM remained relatively intact. They concluded that fragile VSTM was not 

dependent on attention, but attention is necessary to select contents for further processing 

and report. The contents of fragile VSTM are therefore related to phenomenal 

consciousness and VSTM to access consciousness. Phenomenal consciousness overflows 

attention, however, to, subsequently, report the contents of phenomenal consciousness, 

attention needs to be directed to the conscious memory trace. 
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However, whether the contents of fragile VSTM are conscious, or maintained in an 

unconscious representation until attention is directed to particular content is the subject of 

much debate, after all, measuring fragile VSTM requires report, report depends on 

attention. It has been argued that that these types of experiment cannot settle the overflow 

debate for this reason (Richards, 2015). On the other hand, the fact that report is required 

does not, in itself, mean that the representations are necessarily unconscious until attention 

is directed toward them. It is equally plausible that such contents are maintained 

consciously but are only reported when attention is directed toward them (Vandenbroucke 

et al., 2011).    

 

Iwasaki (1993), reviewing the evidence from five studies on visual attention, argues for the 

existence of two forms of consciousness. Background consciousness, which is based on 

iconic memory, independent of attention, short lived and subject to rapid forgetting if 

attention is directed elsewhere and object consciousness, referring to the contents of visual 

working memory and dependent on attention. People may be unaware of the contents of 

background consciousness after the momentary experience has faded if it is not transferred 

to working memory by attentional processing. Spatial attention refers to the process of 

directing attention to a specific region of space. A spotlight metaphor is often used. Given 

that the total attentional capacity is limited (Kahneman, 1973) the spotlight can be focussed 

on a limited region for high efficiency processing, or spread across a wide area with a 

consequent loss of processing efficiency.  Iwasaki (1993) argues against the concept that 

consciousness of a whole scene can be explained as the widening of attentional focus. 

Furthermore, narrowing the focus to a smaller region of space would result in a kind of 



63 
 

tunnel vision, which is clearly not the case.  Multiple eye scans of a whole scene under the 

control of attention would take too long for the instantaneous recognition of a scene. 

Background consciousness cannot, therefore, be the result of attentional processing. 

Background consciousness operates as the default mode of visual awareness, operating 

outside of the focus of attention giving us conscious awareness of the world whether we are 

attending to it or not. Attention selectively processes regions of background consciousness 

enabling identification, action, verbal report and transfer into long term memory. 

 

Smithies (2011) argues that attention is a distinctive mode of consciousness. “there is 

consciousness without attention, but there is no attention without consciousness” p 2. 

Attention makes conscious contents available for the rational control of thought and action. 

Attention differentiates conscious contents into the attended “foreground” and unattended 

“background”. 

 

Montemayor and Haladjian (2015), discuss the relationship between consciousness and 

attention by considering a number of possibilities, from full identity (consciousness and 

attention are the same) to full dissociation (consciousness and attention are different and 

there is no conscious attention). Reviewing the evidence, they reject the identity and full 

dissociation views and argue for what they refer to as type C dissociation. There can be 

consciousness without attention (attention is not necessary for consciousness), attention 

without consciousness (such as in blindsight, patients can attend to the blind part of the 

visual scene without phenomenal awareness), but there is an overlap between 

consciousness and attention which they refer to as conscious attention, of which there are 
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many forms. Conscious attention is similar in many respects to Block’s concept of access 

consciousness, allowing the integration of perceptual inputs with emotion, imagination and 

memories. Memory, of course, being necessary for report. How can one report the 

experience of something without memory of its name and function?  

 

Perhaps the answer is in Baar’s formulation of consciousness as those elements of 

experience that are reportable, report requires access consciousness and involves attention. 

The common difficulty with experiments that claim to show phenomenal consciousness 

overflows attention lies in the operational definition of a conscious experience, it must be 

reportable. Even in Lamme’s conception, where phenomenal consciousness arises through 

recurrent processes, a reportable conscious event still requires higher level processing and 

some form of attention to be reported. The difficulty is in providing evidence of a conscious 

experience in the absence of report.  

 

Frassle et al. (2014) provide evidence of awareness without report through a binocular 

rivalry paradigm. Two different images are presented, one image sent to the left eye and 

another to the right. Under these conditions, participants report seeing one of the two 

images, with a transition occurring between them. The stimuli in this case were two images 

of vertical bars one moving to the left, the other to the right. Objective measures were 

taken in the form of Optokinetic Nystagmus (OKN), small eye movements following the 

direction of motion, and pupil data. When instructed to report on their perceptual 

experience, eye data closely matched the verbal report, they inferred from this that eye 

data in the form of OKN and pupil size was a reliable objective measure of perceptual 
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experience. fMRI data supported previous findings, rivalry related activity was lateralised to 

the right hemisphere, across the occipital, parietal and frontal regions of the brain. 

However, in a passive viewing condition, in which participants were not required to report, 

eye movements and activation in the occipital and parietal regions indicated changing 

perception, but activation did not extend to the frontal regions. They conclude that 

experience is located in the posterior regions, with frontal regions being activated when 

attention is engaged for monitoring and report. This would seem to support the view that 

conscious arises in the “posterior hot zone”, with frontal regions being required for 

attention and report. 

 

1.12 Aims of The Current Research 

 

 

Many of the experiments that are taken to suggest that consciousness precedes attention 

involve the degree to which participants can report on what can be recalled from a briefly 

presented display.  When a particular location is subsequently cued, participants are 

typically able to report the identity of the stimuli at that location, indicating awareness of 

more than can be reported in free recall. However, from the attention first perspective, it 

could be argued that they were not aware of the specific identity of stimuli at the cued 

location until attention is directed toward the location in visual working memory. Of course, 

it is not suggested that participants see nothing in the briefly presented display until 

attention is directed at a specific location, the argument centres around how rich and 

detailed the conscious representation is at the time of display.  
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An alternative approach is to engage participants in some central attentional task, while 

simultaneously reporting on some stimuli outside current focal attention. If this can be done 

without cost to the central task, it could be argued as evidence of awareness outside the 

current focus of attention. The problem here if that engaging on some central task, with 

evidence of engagement being determined by performance, while simultaneously reporting 

on some peripheral stimulus is a rather difficult thing to do. Participants require some 

training, which could lead to a degree of automatization and/or rapid task switching. 

Furthermore, reporting on what it outside the current attentional focus itself requires some 

form on attention. 

Dissociating consciousness from attention under experimental conditions such as these is 

fraught with difficulty and may not even be possible in a definitive sense. Rather than 

attempting to dissociate attention from conscious awareness, it may be better to accept this 

cannot fully achieved and investigate the interaction between awareness and attention. 

That is, some means to determine whether awareness is guiding attention to some task, or 

whether the evidence suggests that it is attention that gives rise to awareness.  

 

According to Raffone et al. (2014) “Visual search tasks involve attentional and conscious 

access processes for detecting and reporting the presence (or absence) of a target object 

among a set of distractor objects in the display.” (p 3). A visual search task seems to be a 

good candidate for this approach. In such a task, the display is not briefly presented, it 

remains present until participant give a response, reporting the presence or absence to 

some pre-defined target. Neither are participants expected to report on stimuli outside the 

focus of attention, the task tends to be easy, in the sense of task requirements, not 
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necessarily in detecting the target. Therefore, no specific training is required, naïve 

participants can be used.  

 

In a visual search task, participants are aware of the entire display, but may be not aware of 

whether the given target item is present in the display, at least until attention is deployed to 

the target as the previously described models of attention would imply. Alternatively, it may 

be that participants are aware of the presence of the target but need to attend to 

determine with confidence, that the potential target does, in fact, meet the specification of 

the target properties as instructed prior to the trial. In other words, does awareness guide 

attention? 

 

The experiments described in the following chapters attempt to further address the nature 

of the relationship between consciousness and attention. Using four modified versions of 

the standard visual search paradigms, searching for a target defined by colour, orientation 

form and a conjunction of features. Coupled with eye tracking and manipulation of the 

target, the experiments attempt to disrupt attentional processing, inducing a failure to 

report, while providing behavioural evidence, through eye movements and fixations, that 

participants must have been aware of the target, or something that could potentially be the 

target. That is, by repeatedly looking back at the target, yet still failing to report its 

presence. That is, to determine whether eye movements show evidence of awareness, 

while the inability to focus attention results in a failure to report the presence of the target. 
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Chapter Two outlines the general methodology  

Chapter Three – A search for a target differing from the non-targets in terms of colour. 

Chapter Four -  An orientation search for angled bars. 

Chapter Five – Searching for a target differing in shape. 

 

 

 



69 
 

Chapter Two – The Visual Search Experiments - General Methodology 

 

2.1 Method 

 

Four experiments involving targets differing from the non-targets in colour, orientation, 

shape, and feature conjunction were carried out using a modification of the visual search 

paradigm together with eye tracking and gaze contingent displays. This section outlines the 

general method employed by these four studies. 

 

2.2 Visual Search 

 

The visual search paradigm involves visual, measuring search time and accuracy and 

response times in identifying  target among  a display of non-targets.  Theories of visual 

search assume a dual process, an initial fast parallel stage, followed where necessary, by a 

slower serial search. Wolfe et al. (1989) suggest that, information gained in the initial 

parallel stage, guides the subsequent serial process to likely targets.. According to Duncan 

and Humphreys (1989), parallel and serial processes operate on a continuum of search 

efficiency,  In such models, the initial parallel process provides a feature, or salience map of 

potential targets, as each potential target is eliminated through serial search, attention 

moves to the next candidate, with an inhibition of return to previous locations (Klein, 2000). 

Search time is affected by both the similarity of target to the background, and similarity 

between background items themselves. When there is a high degree of difference between 

the target and non-targets, this has the effect of “grabbing” attention, facilitating the 
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detection of the target, known as the pop-out effect (Duncan and Humphreys, 1989). Less 

distinctive targets are more difficult to detect and often require a longer, serial search. 

Stimuli used in visual search experiments tend to consist of a target, or targets, differing 

from the non-targets on a single dimension, such as colour, orientation or shape. A more 

difficult form of search involves searching for a target that differs on two or more 

dimensions or conjunction search (Treisman & Gelade, 1980). Pop out effects tend to be 

eliminated in such searches. While the processing of basic features occurs at a low level, 

discrimination and report require some form of focal attention, that is, feature-based 

attention is required for report (Montemayor & Haladjian, 2015).  

 

The attention-first (non-overflow) model would imply that the products of the initial parallel 

processing remain at a preconscious level, subsequent serial search being required to bring 

those products to consciousness. The consciousness-first (overflow) model would suggest 

the products of the initial parallel process form phenomenal consciousness, with serial 

search required for further discrimination, decision and action (Raffone et al., 2014). 

 

2.3 Eye Tracking 

 

When viewing a visual scene, visual field acuity decreases with distance from the centre of 

fixation. Discrimination is best within the foveal region, around 2 degrees of visual angle, 

less so in the parafoveal region (5° visual angle) and poorer in the periphery. While 

discrimination can be made for objects in the parafoveal and peripheral regions, it is often 
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necessary to make eye movements (saccades) to bring an object into the foveal region for 

finer discrimination and report, there is therefore a strong link between eye movements 

and attention (Hoang Duc et al., 2008).  

 

Much of what is understood about visual and perceptual processing capacity has been 

determined by eye movement studies, particularly those using gaze-contingent display 

change paradigms, see Rayner (1998), for a review. The direction of the gaze can be viewed 

as a direct measure of where attention is allocated (Hoang Duc et al., 2008). There is strong 

evidence of a direct link between saccade planning and attention, and that planning a 

saccade to a location is always accompanied by an attentional shift, which Pashler (1998) 

refers to as the mandatory shift hypothesis. However, this assumption that eye movements 

are always preceded by attentional shifts has been challenged by Stelmach et al. (1997). In a 

series of experiments, they have shown that eye movements can be directed to locations 

other than the current focus of attention. They argue that preparation for saccades can 

often be accomplished by pre-attentive processes, which would imply that eye movements 

can be guided by conscious contents prior to the allocation of focal attention. Studies that 

have used eye tracking to investigate attentional processes, together with gaze contingent 

displays, have found that during saccades, changes to a visual scene tend to go unnoticed 

(Rensink, 2002). Baars (1997, p99) states “Like other elements of selective attention, the 

eyes are guided there in order to select and focus on certain conscious contents. Thus we 

move our eyes in order to make certain things conscious” 
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2.4 Design 

 

A visual search paradigm was used, in which participants had to respond to whether a given 

target was present or absent.  All experiments used a repeated measures design. The 

independent variable was Target Type (Constant, Variable, Moveable). In the Constant 

condition, no change was made at fixation. In the Variable condition, the target was 

changed to a non-target prior to fixation, changing back as a saccade was made away from 

the target. In the Moveable condition, the target was moved to another target position on 

the display prior to fixation, a subsequent fixation on the new position causing the target to 

move to the original position. A further fixation resulting in the target moving to another 

randomly selected location, repeating until the search was terminated.  

 

The dependent variables measured in all four experiments were number of fixations on the 

target, total number of fixations, mean fixation time in milliseconds and total search time in 

milliseconds.  Accuracy of report was also measured. All conditions were randomised. 

 

All experiments follow a similar design. Participants are instructed to search for two possible 

targets. One of the targets is design to be sufficiently distinct enough from the distractors to 

produce a “pop out” effect (Treisman & Gelade, 1980). The second target, less distinct from 

the distractors, therefore requiring some search to determine presence or absence. Pop out 

effects and target distractor similarity has been extensively investigated and is not the 

purpose of the current series of experiments. They are therefore not analysed. This 

approach is designed as a form of misdirection misleading participants about the nature of 



73 
 

their primary task, that it is to search for the two target types, the inference being that the 

experimenter is investigating the difference in search times and eye movements for the two 

target types.  

 

This serves to distract participants from the true nature of the experiments, to investigate 

eye movements in the less easy to detect condition, which is being manipulated when 

participants attempt to fixate on the target. There is the possibility that participants, 

knowing they are sitting in front of a device that is recording their eye movements, realise 

that it is possible for the program to change the display depending on where they are 

looking. Again, the distractor trial is intended to at least inhibit, as far as possible, this 

inference, given that the distinct target is not being manipulated. While pop out effects do 

not tend to occur in conjunction searches, the same design was used, with the distractor 

target retained, despite being no easier to find than the target of interest. 

 

The experimental target was presented under three condition, one in which no change was 

made, the target was present at fixation. In the second condition the target changes to a 

distractor just prior to fixation. This may present an ambiguity as to where this counts as a 

target present or not present trial, particularly if the consciousness first position has validity. 

They were conscious of the target, now they are not. Technically, if they select target absent 

while fixated on the target location, that would be a correct report, at that particular 

moment. A third condition was therefore added. In this case, attempting to fixate on the 

target location results in the target being moved to another location in the display. In this 

way, the target was always present. Reporting the presence of the target in this condition 
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would be a correct report, failure to report the presence of the target would be an incorrect 

report. 

 

2.5 Materials  

 

In each experiment, stimuli consisted of 48 slides each with 30 stimulus regions arranged in 

an irregular pattern, which remained constant for all slides, 32 slides with target, 16 without 

target.  

 

For the slides that had a target, 8 contained a Constant target, 8 a Variable target and 8 a 

Moveable target. In addition, 8 slides contained an alternative, Constant, high visibility 

target. This acted at a distractor trial, to convey the impression that this was a standard 

visual search task, that is, no changes occurred for the high visibility target. Therefore, 50% 

of the trials contained the target of interest, 50% either no target or a distractor target. 

Participants were prompted before each trial to search for a target, either the high visibility 

or the experimental, less distinguishable target, this prompt also served as an initial fixation 

area, no targets appeared in this area. The number of trials were therefore limited in order 

to minimise the possibility that participants would realise that, since their eye movements 

were being tracked, the program itself was changing the display during the search.  

 

Stimuli (targets and non-targets) were all drawn within 25mm square region shown in black 

in figure 2.1. This resulted 2 degrees of visual angle for each target, thereby requiring a 
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direct fixation to place it on the fovea. Target positions are outlined in red which also 

illustrates a 22mm region around each target. Gaze position was tracked with a saccade 

into, or out of this region triggering a change to the target. Only one target was presented in 

a  given trial. 

 

Figure 2.1 Example of stimuli regions with target positions.  

 

Target locations were assigned manually, avoiding the central region, without forming a 

regular pattern. Target locations were kept constant across conditions.  

 

Eye movements were monitored with an Eyelink 1000 eye tracker running on a LanBox Lite 

EyeLink host PC.  The experiment was carried out on EPrime V 2.0 experiment software 

running on a PC compatible display computer. Communication between the display and 

host PC’s was accomplished via a fast Ethernet cable. Stimuli were displayed on a iiyama 

Prolight B1906S  19” monitor, colour set to the highest (32bit) with a display resolution of 
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1920, 1080. Participants were seated at a chin rest 1 m from the display. The eye tracker 

was calibrated by requiring participants to fixate sequentially on five dots, one central and 

one in each corner of the display, this procedure was then repeated in order to validate the 

calibration.  

 

All experiments were implemented on E-Prime 2.0 Professional (Psychology Software Tools, 

Inc. Pittsburgh, PA).  Communication with the eye tracker and saccade contingent display 

changes were accomplished using the E-Prime programming language EBasic. Stimuli were 

drawn by software at runtime. On initialisation, the display of non-targets was drawn into 

an off-screen buffer, using the EPrime graphics commands. A list of trials was maintained in 

a randomised EPrime attribute list. For each trial, the trial type was accessed from the 

attribute list, if a ‘target not present’ trial was detected, the display was bit-copied from the 

off-screen buffer to the display buffer. 

If a ‘target present’ trial was detected, the trial type (Constant, Variable, Moveable) and 

index of one of the eight possible target position was accessed (the list contained an entry 

for each of the possible positions, for each Target Type). The target was then drawn at the 

relevant location in the off-screen buffer, overwriting the non-target, the display was then 

bit-copied into the display buffer. 

 

The program then entered a loop waiting for a key press. Within the loop, the current status 

of the eye tracker was monitored using a get-event command, each call to this command 

returning the current x, y coordinates of the gaze and event type (saccade, fixation). If a 
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saccade event was detected and the current gaze position was found to be within the 

border region of the target and it was either a Variable or Moveable condition, a routine 

was triggered to modify the display. For the Variable condition, the target location was 

overwritten with a non-target and the display bit-copied to the display buffer. For the 

Moveable condition the target was drawn at another, randomly selected target location. A 

flag was set to record the current state of the display. If a subsequent call to the get-event 

command found the gaze was outside the border region of the current target and this flag 

was set, the display was restored to its original state. This procedure, of only re-drawing at 

the target location and bit-copying from an off-screen buffer to the display buffer ensured 

that any changes were fast enough to be completed during a saccade and prior to fixation. 

 

If a fixation event was detected and the gaze was found to be on the target, a variable 

maintaining a target count was updated and flag set to indicate the gaze was on the target. 

This flag was always checked prior to updating the target count, to ensure that if the 

previous fixation had also been on the target, this was counted as a single target fixation. 

This flag was only reset when the gaze moved away from the target. 

 

The loop was terminated when either the M or Z key was pressed and number of fixations 

on the target, total number of fixations, mean fixation time in milliseconds, search time in 

milliseconds and accuracy of report were recorded prior to the display of the next trial. 

The four visual search experiments involved searching for items differing on a number of 

features. In Study One, the target was a light red colour block in a display of non-targets. In 
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Study Two, the target was a angled bar, oriented and ten degrees from the vertical in a 

display of vertical non-targets. For Study Three, the target was an oval shape in a display of 

circles. Study Five involved searching for a green circle in a display of yellow circles and 

green squares. 

 

2.6 Participants 

All visual search experiments involved participants searching for a target under three conditions, 

while tracking eye movements. Pernice and Nielsen (2009) considered thirty participants as 

sufficient for stable data in eye tracking studies. While this is based on the stability of heatmaps, 

such maps are constructed from the type of gaze data measured in the current studies. 

Furthermore, Power analysis, for a repeated measures design with three conditions, suggested thirty 

participants for a power of 80% with a medium effect size. Thirty participants were therefore 

considered as a minimum sample size for each study. 

 

2.7 General Procedure 

 

Each experiment involved a different group of participants, no participant took part in more 

than one version of the stimuli. 

 

Prior to beginning the experiment, participants were reminded that participation was 

voluntary, that they had the right to withdraw at any time and data would be held in an 

anonymous format. An informed consent form was then signed. Participants were tested 



79 
 

seated in front of the display with their head on a chinrest. On completing calibration of the 

eye tracker participants were presented with instructions to search the display for a target 

and press the M key for target present and Z for target not present.  

 

There were two trial blocks: one practice block of 16 trials and an experimental block of 48 

randomised trials. Prior to the practice block, participants were shown an example of the 

targets, which remained on screen for five seconds, this was only presented once, prior to 

the practice. The researcher observed the participants responses during the practice block, 

correcting participants where it was apparent that instructions were not being followed, 

such as pressing the wrong keys for target present and not present. Practice was repeated, 

if necessary, until participants were confident that they could differentiate the targets from 

the non-targets and respond with the appropriate key. No target changes were made during 

the practice block. The researcher then left the room when the experimental block began. 

Each trial consisted of the presentation of a target prompt for 1 second, followed by the 

presentation of a stimulus slide, which remained on screen until the participant responded, 

present or absent. The onset of the presentation of the next target prompt occurred after 

an inter-trial interval of 1 second. The experiment was around 3-4 minutes in duration. On 

completion of the experiment, participants were fully debriefed as to the nature of the 

study and thanked for their time 
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2.8 Analysis 

 

The purpose of the experiment was to see if the Moveable and Variable conditions resulted 

in repeated looking back at the target, accompanied by a failure to report. In this respect, 

the Constant condition acted as a control, on the assumption that failures to report in this 

condition would be the result of random error. Inspection of the data showed that few 

participants made any errors at all in this condition, making comparisons with the Variable 

and Moveable conditions problematic. It was decided, therefore, to compare target 

fixations accompanied by a failure to report with target fixations accompanied by a correct 

report.  

 

There was also some variability in participant’s responses in that, for all experiments, some 

participants made no errors in one or more of the Variable and Moveable conditions, 

making a repeated measures ANOVA difficult. It was therefore decided to carry out a Linear 

Mixed-Effects model ANOVA on the unaggregated trial level data (Barr et al., 2013), with 

Target Type and accuracy as fixed factors and participant as a random factor. This was 

implemented in SPSS as a mixed-model ANOVA using the procedure described by the above 

authors at http://talklab.psy.gla.ac.uk/simgen/ 

 

 

 

http://talklab.psy.gla.ac.uk/simgen/
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2.9 Rationale for the series of experiments 
 

 

If we possess a rich phenomenal experience prior to attention, it would be expected that 

this awareness would consist of a representation of objects, or proto-objects, in 

phenomenal awareness. That is, whole objects and their specific features. Such a 

representation would include colour, orientation and form. It would be expected therefore 

that there would be consistency in the findings across experiments involving visual search 

for colour, orientation, shape and conjunction. That is, there would be some evidence of 

consciousness preceding attention across all experiment. Lack of consistency would provide 

evidence against the phenomenal overflow position and for the attention first position. If 

there is evidence for consciousness preceding attention for features such as colour and 

orientation, but not for shape or conjunctions, this would imply the attention is required for 

the binding of individual features into an object. If there is evidence of consciousness 

preceding attention for shape and conjunctions, but not lower level features, this would 

imply that while higher level attributes are available to consciousness, attention is still 

required to resolve lower level features such as colour and orientation. 

 

While consistency in findings does not, in itself, rule out the attention first argument, it is a 

necessary, but not sufficient condition for phenomenal awareness preceding attention. That 

is, if at least one on the experiments fail to provide evidence of the consciousness first 

position, then that argues against the possibility of a rich phenomenal experience. 
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2.10 Measures, Assumptions and Hypotheses 

 

While the direction of the gaze can be taken as a measure of where attention is allocated at 

any given time, other measures can be taken as a measure of cognitive engagement and 

awareness. 

 

Fixation duration can be taken to represent the relative engagement on an object. The 

greater the average duration, the greater the level of engagement. 

Number of fixations on the target and total fixations 

When participants are given a specific search task, a higher number of fixations can indicate 

difficulty in recognising or resolving the element necessary to complete the task.  

Measures such as fixation duration and number of fixations have been used to assess levels 

of situational awareness (van de Merwe et al., 2012). A further measure is also calculated, 

Fixation Ratio, as a measure of fixations on the target location relative to overall or total 

fictions. 

 

An assumption is made, that Fixation Duration and number of fixations can be taken as an 

indicator of awareness. Increased levels of these measures in the Variable and Moveable 

conditions compared to the Constant condition, can be taken to indicate awareness of the 

target, or something that could be the target, but participants are being prevented from 

allocating overt attention to make the decision. 
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If consciousness precedes attention and plays a role in guiding attention to the target, this 

leads to the hypothesis that there will be more fixations on the target location and overall, 

and longer fixation durations in the Variable and Moveable conditions than the Constant 

condition when participants are prevented from allocating overt attention to make the final 

decision.  

 

This would hold true for both Correct and Incorrect Report, however, Correct Report would 

indicate that participants are not relying on overt attention to make the final decision. 

It can therefore be further hypothesised that Failure to Report would be accompanied by 

more fixations and fixation durations than correct report, when relying on overt attention to 

make the decision about target presence. 

 

The attention preceding consciousness position would essentially predict the Null of the 

above hypotheses since indicators of awareness could only occur when attention has been 

allocated to the target. 

These hypotheses apply to all experiments 

Response time was also measured in milliseconds. This does not relate to the hypotheses 

directly, but it is included as a measure of the difficulty of the task.  

 

The following four chapters describe the four visual search experiments. 
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Study one. involved a search for a light red block in a display of dark red blocks. 

Study two was a search for a rectangular bar oriented at ten degree from the vertical in a 

display of vertical bars. 

In Study three, the target was an oval shape in a display of circles. 

Study four was a search for the green circle in a display of yellow circles and green squares. 
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Chapter Three – Study One – Colour Search 

 

3.1 Introduction 

 

Colour is a basic visual feature often used in visual search paradigms. Carter (1982) found 

that search was affected by the similarity of the targets colour to the background when 

searching for three-digit numbers of a specified colour.  The usefulness of colour relates to 

easy retrieval from visual short term memory and its visibility in the parafoveal region of the 

visual field (Carter, 1982).  

 

Farmer and Taylor (1980), using colour patches rated according to high\low similarity, also 

found that search time was affected by both the similarity of target to the background, and 

similarity between background items themselves. It was suggested that two processes were 

involved, search is ‘guided’ toward items that are very dissimilar from the background, and 

the processing of background items themselves. Preattentive parallel processing, along 

Gestalt lines of similarity and proximity, group background items, with search time affected 

by the degree to which these items differ (Farmer and Taylor, 1980).  

 

The question arises as to whether these pre-attentive processes become present in 

phenomenal consciousness, prior to the deployment of attention for discrimination and 

report (Iwasaki, 1993). The findings Bronfman et al. (2014), that colour diversity can be 

discriminated outside of focal attention would suggest that this is the case.  
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The present study uses eye tracking as a dynamic on-line measure of attentional processing, 

in conjunction with a visual search task, searching for a target, in this case a colour block 

(light red) in a display of non-targets (dark red) using a gaze contingent display, with three 

conditions. Condition one, Constant, the target remains visible when a fixation is made. 

Condition two, Variable, the target is present, but changes to a dark red non-target when a 

saccade toward it is detected. Therefore, when a fixation is made (attention deployed to 

that region) the light red target is changed to a dark red block. However, when a saccade is 

subsequently made away, the distractor is then changed back to the target. Condition three, 

Moveable, a saccade to the light red target causes the target to move to another, randomly 

selected, target location. A subsequent fixation on the new target location resulting in it 

returning to the original location, this process being repeated with further fixations on the 

target. 

 

If consciousness precedes attention and plays a role in guiding attention to the target, this 

leads to the hypothesis that there will be more fixations on the target location and overall, 

and longer fixation durations in the Variable and Moveable conditions than the Constant 

condition when participants are prevented from allocating overt attention to make the final 

decision.  

 

This would hold true for both Correct and Incorrect Report, however, Correct Report would 

indicate that participants are not relying on overt attention to make the final decision. 



87 
 

It can therefore be further hypothesised that Failure to Report would be accompanied by 

more fixations and fixation durations than correct report, when relying on overt attention to 

make the decision about target presence. 

 

The attention preceding consciousness position would essentially predict the Null of the 

above hypotheses since indicators of awareness could only occur when attention has been 

allocated to the target. 

 

3.2 Method 

 

Design 

A visual search paradigm was used, in which participants had to respond to whether the 

target colour was present or absent.  

The experiment employed a within-participants design. The independent variable was 

Target Type (Constant, Variable, Moveable). In the Constant condition, no change was made 

at fixation. In the Variable condition, the target changed to a non-target prior to fixation, 

changing back as a saccade was made away from the target. In the Moveable condition, the 

target was moved to another position on the display prior to fixation, a subsequent fixation 

on the new position causing the target to move to the original position.  
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The dependent variables measured were number of fixations on the target, total number of 

fixations, mean fixation time in milliseconds, search time in milliseconds and accuracy of 

report. All conditions were randomised. 

 

Participants 

Participants were University of Bedfordshire psychology students, with normal or corrected 

acuity and normal colour vision. There were 34 participants, 26 female and 8 male with a 

mean age of 24.03 years and SD of 6.80, obtained through opportunity sampling. 

 

Apparatus 

See General Procedure section. 

 

Materials  

Stimuli consisted of 48 slides each with 30 colour blocks arranged in an irregular pattern, 

which remained constant for all slides, 32 slides with target, 16 without target. Each colour 

block was 25mm square, with a gaze position into, or out of a 22mm border triggering a 

change to the target.   
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Figure 3.1 Background template for stimuli 

 

For the slides with target, 8 contained a Constant target, 8 a Variable target and 8 a 

Moveable target. The target was a light red block, as in Figure 3.2. Participants were 

prompted before each trial to search for a pink or light red target, this prompt also served as 

an initial fixation area, no targets appeared in this area.  

 

  

Figure 3.2: Example of stimuli with target present. 

In addition, 8 slides contained an alternative, Constant, pink target (Figure 3.3). This acted at 

a distractor trial, to convey the impression that this was a standard visual search task, that 

is, no changes occurred for the pink target. 



90 
 

 

Figure 3.3 Showing an alternate pink target. 

 

 

Procedure 

Prior to beginning the experiment, participants were reminded that participation was 

voluntary, that they had the right to withdraw at any time and data would be held in an 

anonymous format. An informed consent form was then signed. Participants were tested 

seated in front of the display with their head on a chinrest. On completing calibration of the 

eye tracker participants were presented with instructions to search the display for a target 

and press the M key for target present and Z for target not present.  

There were two trial blocks: one practice block of 16 trials and an experimental block of 48 

randomised trials. Prior to the practice block, participants were shown an example of target 

colours, in order to differentiate between pink and light red as seen in Figure 3.4. This was 

shown one prior to the practice block. 
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Figure 3.4 Target colours presented to participants 

Practice was repeated until participants were confident that they could differentiate colours 

and respond with the appropriate key. No target changes were made during the practice 

block. Each trial consisted of the presentation of a target colour word, “pink” or “light red” 

for 1 second, followed by the presentation of a stimulus slide, which remained on screen 

until the participant responded, yes or no. The onset of the presentation of the next target 

colour occurred after an inter-trial interval of 1 second. The experiment was around 3-4 

minutes in duration. 

 

Ethics 

BPS Code for ethics and conduct were observed. Participants were informed that the 

experiment involved searching a display while their eye movements were being tracked. 

They were further informed that if the nature of the display at any time caused any 

discomfort., such as eye strain or trigger headaches, they could stand and could stop the 

experiment. Informed consent was then obtained before continuing. 

The experiment did include an element of deception, participants were misled about the 

primary task, search for a distinct target compared to a less distinct target. Participants were 

fully debriefed about the true nature of the experiment immediately on completion. 

Specifically, participants were assured that apparent changes to the display were a result of 

deliberate manipulation, not a potential issue with their eyesight. 

Ethical approval for all experiments was obtained from the Research Graduate School and 

the School of Psychology Ethics committee at the University of Bedfordshire. 
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3.3 Results 

 

Overall percentages of correct report to failure to report were 53% failure, 47% correct in 

the Variable condition and 52% failure, 48% correct in the Moveable condition. This is taken 

to indicate that the differentiation between target and non-targets was not so great as to be 

easy to detect but not so similar as to be too difficult to detect. This contrasts with 10% 

failure to report in the Constant condition, indicating that failure to report in the Variable 

and Moveable conditions were not simply due to decision error.  Error rates for the target 

absent displays were 7.3%. 

Table 3.1: Mean scores for all measures across conditions for correct and incorrect report 

(standard errors in parenthesis) 

 Target Fixations Total Fixations Fixation Ratio Fixation Time 

(ms) 

Reaction Time (ms) 

Correct Report 

Constant 1.24 (0.07) 4.13 (0.14) 0.31 (0.01) 295.33 (9.03) 1499.39 (64.83) 

Variable 0.87 (0.10) 4.28 (0.23) 0.19 (0.02) 351.49 (15.30) 1869.81 (102.133) 

Moveable 1.28 (0.12) 4.76 (0.25) 0.24 (0.23) 354.69 (17.00) 2108.40 (115.47) 

Incorrect Report 

Constant 1.61 (0.32) 6.13 (0.80) 0.28 (0.02) 280.95 (56.06) 2168.66 (334.31) 

Variable 1.98 (0.15) 7.36 (0.37) 0.28 (0.04) 377.34 (25.46) 3571.74 (153.84) 

Moveable 2.41 (0.13) 8.12 (0.33) 0.30 (0.01) 370.42 (23.49) 3787.19 (139.62) 
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Correct Report 

In the case of correct report, there was a significant difference for target type 

F(2, 76.34) = 3.39, p = .04. There were less fixations on the target location in the Variable than either 

the Constant or Moveable conditions.  

 

 

 

 

.  

Figure 3.5: Mean Target fixations for Target Type in Correct report 
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For Total Fixations, while successively more fixations were made in the Constant, Variable and 

Moveable conditions, these differences were not significant ( F( 2, 85.73) = 1.73, p = .18 ).  

 

Fixation Ratio follows the same pattern as the target fixations, resulting in less target to overall fixations in 

the Variable condition than either the Fixed or Moveable conditions. In this case, the ratio for the Moveable 

condition was also less the Constant condition (See Figure 3.6). These differences were significant, F(2, 

101.18) = 10.29, p < .001 

 

 

 

Figure 3.6: Mean Fixation Ratio for Target Type in Correct report 
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Table 5.1 shows that Fixation Duration was greater for both the Variable and Moveable conditions 

than the constant condition, this was significant, F(2, 68.20) = 7.92, p = .001 but there was no difference 

between the Variable and Moveable conditions, as illustrated in Figure 3.7 

 

 

Figure 3.7: Mean Fixation Duration for Target Type in Correct report 

 

For reaction times, there were successively higher means for the Constant, Variable and moveable 

condition. The differences were significant F(2, 74.87) = 7.58, p < .001, between all means, as seen in 

figure 3.8  
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Figure 3.8: Mean Reaction Time for Target Type in Correct report 

 

Incorrect Report 

It can be seen from Table 3.1 that in the case of an Incorrect Report, more fixations were made on 

the target location in the Variable and Moveable conditions than the Constant condition. This 

difference was significant, F(2, 86.16) = 4.94, p = .009. However, while the means were increasing 

between the Constant, Variable and Moveable conditions respectively, the significant difference 

arises from the Moveable condition resulting in more fixations than either the Variable or Constant 

conditions (Figure 3.5). 
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Figure 3.7: Mean target fixations for Target Type in Incorrect report 

 

While a similar pattern is observed in Total Fixations there was no significant effect, F(2, 

53.60) = 1.80, p = .18 ). There was also no significant effect for Fixation Ratio F(2, 66.78) = 

2.84, p = .56 or Reaction Time, F(2, 62.24) = 2.83, p = .07. Although in the case of Reaction 

Time the same pattern of increasing means across conditions can be seen. 

 

The lack of significant effects for failure to report, despite mean difference on most of the 

measures, could perhaps be explained by the small percentage of failures in the constant 

condition, resulting in standard errors around double those of the Variable and Constant 

conditions. However, the number of overall fixations and reaction times for these two 

conditions were higher than those for target absent displays, 7.12 and 2628.30 (ms) 
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respectively. Indicating that participants were giving these conditions more consideration 

than the absent displays before deciding the target was not present. 

 

It can be noted from Table 3.1, that a failure to report in the Variable and Moveable 

conditions were accompanied by higher values than correct report on all measures. This was 

investigated further by removing the Constant condition and including report accuracy as a 

second factor, to explore whether these differences were significant. Prior to analysis a 

correction was carried out. 

 

Examination of the data showed that a number of failures to report occurred without a single 

fixation on the target, further, that 32% of the failures to report in the Constant condition 

were also without a fixation on the target. On the assumption that these were the result of 

response error, participants were either not completing the search, or pressing the wrong 

key, these instances were removed prior to analysis.  

 

This procedure resulted in the removal of 10.3% of trials, distributed evenly across the 

Variable and Moveable conditions. This was reasonably consistent with the same pattern of 

errors in the Constant condition (failure to report without a fixation on the target) of 3%, 

supporting the assumption that this was the result of response error. With these corrections 

made, the analysis was carried out (analysis of uncorrected data is included in Appendix 1)  
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Table 3.2 Mean scores for all measures across conditions for Accuracy and Target Type 

(standard errors in parenthesis) 

 Target Fixations Total Fixations Fixation Ratio Fixation Time 

(ms) 

Reaction Time 

(ms) 

Accuracy of Report 

Correct 1.09 (0.09) 4.54 (0.21) .21 (0.01) 353.24 (17.91) 1999.95 (95.22) 

Incorrect 2.20 (0.09) 7.75 (0.21) .29 (0.01) 373.72 (15.16) 3681.66 (95.37) 

Target Type 

Variable 1.45 (0.09)  5.79 (0 .21) .23 (0.01) 365.06 (16.23) 2703.41 (93.93) 

Moveable 1.79 (0.09) 6.29 (0.21) .26 (0.01) 362.56 (16.69) 2871.49 (96.34) 

 

For mean fixations on the target, there was a significant main effect for accuracy F(1, 24.84) 

= 17.44, p < .001.  A failure to report was accompanied by more fixations on the target 

location than for correct report  

There was a significant main effect for Target Type F(1, 33.71 ) = 7.62, p = .009), more 

fixations on the target location occurred in the Moveable condition than the Variable 

condition  

There was no significant interaction. A breakdown of target fixations by condition can be 

seen in Figure 3.5. 
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Figure 3.5: Mean target fixations for Target Type and accuracy 

 

Analysis of total number of fixations showed a significant main effect for Accuracy, F(1, 

24.71) = 26.08, p < .001, a failure to report was accompanied by more fixations overall than 

correct report. 

There was also a significant main effect for Target Type, F(1, 49.87) = 4.371, p = .04. More 

fixations occurred in the Moveable than the Variable condition (M = 5.79, SE = .21). There 

was no significant interaction. Total fixations by condition can be seen in Figure 3.6. 
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Figure 3.6: Total fixations for Target Type and accuracy 

 

For Fixation Ratio there was a significant main effect for accuracy F(1, 27.87) = 8.89, p = .006 

Significant main effect for target type F(1, 36.57) = 5.50, p = .03. There was no significant 

interaction (See Figure 3.7)  
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Figure 3.7: Fixation Ratio for Target Type and accuracy 

 

Analysis of fixation times showed no significant difference in fixation time for either 

Accuracy F(1,21.35) = 0.06, p = .82 or Target Type F(1,53.05) = 0.15, p = .70, and no 

interaction. 

 

Analysis of Reaction Times showed a significant effect for Accuracy F( 1, 23.22 ) = 17.71 , p < 

.001. Failure to report took longer  than a correct report. There was, however, no significant 

difference in Reaction Times for Target Type F(1, 45.69) = 2.84, p = .10 and no significant 

interaction (See figure 3.7). 
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Figure 3.7: Mean Reaction Time (ms) for Target Type and accuracy 

 

3.4 Discussion 

 

If consciousness precedes attention and plays a role in guiding attention to the target, this 

leads to the hypothesis that there will be more fixations on the target location and overall, 

and longer fixation durations in the Variable and Moveable conditions than the Constant 

condition when participants are prevented from allocating overt attention to make the final 

decision.  

 

This would hold true for both Correct and Incorrect Report, however, Correct Report would 

indicate that participants are not relying on overt attention to make the final decision. 
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It can therefore be further hypothesised that Failure to Report would be accompanied by 

more fixations and fixation durations than correct report, when relying on overt attention to 

make the decision about target presence. 

 

The attention preceding consciousness position would essentially predict the Null of the 

above hypotheses since indicators of awareness could only occur when attention has been 

allocated to the target. 

 

Results show that there were about equal proportions of correct report to failure to report, 

with both Variable and Moveable conditions resulting in more failures than the Constant 

condition.  

 

In comparing measures for the Variable and Moveable conditions against the Constant 

condition for Correct Report, the data does not seem to fully support the first hypothesis, in 

fact there seems to be less awareness in terms of Fixation and Fixation Ratio for the variable 

condition, with both Variable and Moveable conditions being significantly lower than the 

Constant condition. Fixation duration, on the other hand does indicate higher levels of 

awareness, in terms of cognitive engagement, with longer gaze times in the Variable and 

Moveable condition than the constant condition. Longer reaction times overall for both 

Variable and Moveable conditions indicate that participants were having greater difficulty in 

determining the presence of the target. 
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For Incorrect Report the results were equally equivocal. While there was a trend in the 

direction of the first hypothesis for Target Fixation, Total Fixations, Fixation Ratio and 

Fixation Duration, this was only significant for Total Fixations in the Moveable conditions. 

This could to some extent be attributed to the low number or errors in the Constant 

conditions producing larger standard errors. Overall, it would seem that the first hypothesis 

is only partially supported, but the weight of evidence is toward the null. 

 

Further analysis investigated the difference in eye movements accompanying either correct 

or failure to report to test the second hypothesis. It was found that failure to report was 

accompanied by more fixations on the target, more fixations overall and a higher fixation 

ratio than correct report. Timing, in terms of overall trial response times and fixation 

durations found an effect for Accuracy in the Variable and Moveable conditions for trial 

times, failure to report was accompanied by longer response times than a correct report, 

but this was not found for Fixation Duration. The results indicate that a failure to report is 

accompanied by more fixations on the target, more fixations overall a higher fixation ratio 

and longer response times than a correct report. That is, it seems to take more effort to 

decide that the target is not there, than to decide that it is there. This would be consistent 

with the interpretation that participants are aware of the target, or something that could be 

the target, but when prevented from allocating attention for further discrimination and 

decision, fail to report its presence despite looking at the target more than once. The weight 

of the evidence in this case would seem to support the second hypothesis. These findings 

are taken to support the consciousness first position, we are aware of features of a scene 

outside of focal attention, but when prevented from allocating attention for decision and 
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report, tend to fail to report. That is, in cases of ambiguity, search can be guided by 

awareness, rather than pre-conscious processes. These findings would be consistent with 

those of Bronfman et al. (2014) who found that colour, or at least colour diversity, could be 

differentiated in the absence of focal attention. Their study used subjective report to 

measure awareness, whereas the current study provides supporting evidence through eye 

movements in the absence of report.  

 

The lower number of fixations accompanied by a correct report would indicate a different 

decision criterion when determining that the target is present. This could be explained by 

the distinction between overt and covert attention, here participants are tending to use 

covert attention to determine target presence, rather than an overt fixation. Given that we 

can only directly measure overt attention in this experiment, this cannot be determined 

directly, but seems to be a reasonable inference from behaviour. This could perhaps be 

supported by participants reports during debriefing, one participant reported that she was 

deliberately not looking directly at the target (having recently watched a documentary on 

attention), there were no errors and no fixations on the target for this participant. Others 

commented that they stopped trying to look directly. Comments such as these were 

repeated throughout subsequent experiments, in other words, this interpretation would be 

supported by participants own subjective experience. 

It was further found that there was a significant effect for Target Type, in both corrected 

and uncorrected data, with the Moveable condition resulting in more fixations than the 

Variable condition. Analysis of total number of fixations for a trial found a similar pattern, a 

trend toward more fixations accompanied by a failure to report which becomes significant 
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for the corrected data. A similar effect was found for fixation ratio. For fixation durations 

there was an effect for Target Type, longer fixations were made in the Variable condition 

than the Moveable condition. This could be explained by the sudden onset of the target at 

another location quickly attracting attention to that location in the Moveable condition 

(Yantis & Jonides, 1990). That is, the difference in eye movements between the Moveable 

and Variable conditions could be attributed to the difference between endogenous or 

exogenous attention. It should be acknowledged, however, that this could simply be due to 

the fact that the target is always on the display at some location, whereas the Variable 

condition is not, resulting in more fixations overall than the Variable condition. 

 

It could be argued that failure to report is due to decision criteria, participants believe the 

target to be present at a location but when looking directly at it, is not there? Does this 

count as present or not present? However, this does not affect the interpretation of the 

results, in fact would strengthen the argument that failure to report does not necessarily 

mean a lack of awareness.  

 

In summary, the current experiment has found that failure to report the presence of a 

target when prevented from allocating overt attention, is accompanied by evidence of 

looking at the target more than once, which is taken to support the overflow or 

consciousness-first perspective. Further, the results suggest evidence of 

endogenous/exogenous and overt/covert attentional processes, if this is the case, the lack 

of interaction would suggest that these are independent attentional processes. within a 

single experimental design, enabling further research into the relationship between these 
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forms of attention. Study Two investigates whether these effects relate to feature searches 

generally by employing another feature based attentional paradigm, orientation based 

searches.  
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Chapter Four – Study Two: Orientation Search 

 

4.1 Introduction 

 

Searching for targets oriented at an angle from non-targets is a paradigm often used in 

visual search, orientation being a basic visual feature (Treisman & Gelade, 1980). Search for 

angled bars among homogenous (same orientation) distractors tends to be efficient, 

whereas searching for a bars of a specific angle among heterogenous distractor tend to be 

inefficient (Wolfe et al., 1992).   

 

Zhaoping (2008), by presenting an angled bar to the left eye, among background bars in the 

right eye found a dissociation between awareness and attention when searching a display 

for angled bars, arguing that bottom-up attention can be captured by a change in 

orientation, without awareness of the attentional shift. But if attention and awareness can 

be dissociated, attention does not necessarily result in awareness, it opens the possibility of, 

awareness without attention, or that awareness can guide attention.  

 

Vandenbroucke et al. (2011) carried out three experiments designed to dissociate fragile 

Visual Short Term Memory from Visual Short Term Memory by disrupting attentional 

processing of an array of angled bars. Attention was disrupted by three methods, temporal 

uncertainty, and n-back task (reporting the identity of a central letter in a previous display) 

and an attentional blink paradigm. Participants were asked to report whether a cued bar 
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had changed orientation on subsequent presentation of the array it was found that 

participants were able to detect a change in orientation between presentations of a display 

of angled bars, despite attentional processing being disrupted on the initial presentation. 

The current study aims to investigate the awareness of an angled bar, using a different 

methodology to disrupt attentional processing.  

 

The same design as Study One was employed, using a visual search task, eye movements 

were tracked to measure the allocation of attention. This study required searching for a 

target that varies in orientation from the non-targets. Homogenous distractors were used, 

despite the efficiency of such searches, since the object here was not to test search difficulty 

as such, but whether there was evidence of awareness of the target, despite a failure to 

report. The target in this case was a bar oriented at ten degrees from the vertical with the 

non-targets being vertical bars. Eye data was again measured under three conditions. In 

condition one (Constant), the target bar remains visible when a fixation is made. In the 

second condition (Variable), the target bar is present, but changes to a vertical bar when a 

saccade toward it is detected. Therefore, when a fixation is made (attention deployed to 

that region) the angled bar is not present, replaced by a vertical bar. When a saccade is 

subsequently made away, the vertical bar is then changed back to the angled bar target. In 

the third condition (Moveable), a saccade to the target causes the angled bar to move to 

another, randomly selected, target position, subsequent fixations resulting in further re-

locations of the target. 
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If consciousness precedes attention and plays a role in guiding attention to the target, this 

leads to the hypothesis that there will be more fixations on the target location and overall, 

and longer fixation durations in the Variable and Moveable conditions than the Constant 

condition when participants are prevented from allocating overt attention to make the final 

decision.  

 

This would hold true for both Correct and Incorrect Report, however, Correct Report would 

indicate that participants are not relying on overt attention to make the final decision. 

It can therefore be further hypothesised that Failure to Report would be accompanied by 

more fixations and fixation durations than correct report, when relying on overt attention to 

make the decision about target presence. 

 

The attention preceding consciousness position would essentially predict the Null of the 

above hypotheses since indicators of awareness could only occur when attention has been 

allocated to the target. 

 

4.2 Method 

 

Design 

A visual search paradigm was used, in which participants had to respond to whether the 

target bar was present or absent.  
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The experiment employed a within-participants design. The independent variable was 

Target Type (Constant, Variable, Moveable). In the Constant condition, no change was made 

at fixation. In the Variable condition, the angled bar target changed to a vertical bar prior to 

fixation, changing back as a saccade was made away from the target. In the Moveable 

condition, the angled bar was moved to another position on the display prior to fixation, a 

subsequent fixation on the new position causing the target to move to the original position.  

 

The dependent variables measured were number of fixations on the target, total number of 

fixations, mean fixation time in milliseconds, search time in milliseconds and accuracy of 

report. All conditions were randomised. 

 

Participants 

Participants were University of Bedfordshire psychology students, with normal or corrected 

acuity and normal colour vision. There were 40 participants, 34 female and 6 male with a 

mean age of 23.64 years and SD of 7.51, obtained through opportunity sampling. 

 

Apparatus 

See General Method Chapter 
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Materials  

Stimuli consisted of 48 slides each with 30 black vertical bars arranged in an irregular 

pattern, which remained constant for all slides, 32 slides with target, 16 without target 

Backgound stimuli can be seen in Figure 4.1.  

 

Figure 4.1 Background stimuli consisting of vertical bars. 

Target bars were oriented at a 10 degree angle from the vertical as shown in Figure 4.2.  

 

Figure 4.2 Example of target bar. 

For the slides with target bar, 8 contained a Constant target, 8 a Variable target and 8 a 

Moveable target.  

In addition, 8 slides contained an alternative, Constant, 45 degree target. This acted at a 

distractor trial, to convey the impression that this was a standard visual search task, that is, 

no changes occurred for the 45 degree target. See Figure 4.3   
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Figure 4.3 Stimuli with easy to detect distractor target. 

 

Participants were prompted before each trial to search for a target bar angle at either 10 

degrees or 45 degrees, this prompt also served as an initial fixation area, no targets 

appeared in this area.  

 

Procedure 

Prior to beginning the experiment, participants were reminded that participation was 

voluntary, that they had the right to withdraw at any time and data would be held in an 

anonymous format. An informed consent form was then signed. Participants were tested 

seated in front of the display with their head on a chinrest. On completing calibration of the 

eye tracker participants were presented with instructions to search the display for a target 

angled at either 10 degrees or 45 degrees from the vertical and press the M key for target 

present and Z for target not present.  

There were two trial blocks: one practice block of 16 trials and an experimental block of 48 

randomised trials. Prior to the practice block, participants were shown an example of target 

bars for five seconds, in order to differentiate between the 10 degree and 45 degree 

orientations as in Figure 4.4.  
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Figure 4.4 Target bars to search for, presented once prior to practice. 

Practice was repeated until participants were confident that they could differentiate the 

angled bars from the vertical bars and respond with the appropriate key. No target changes 

were made during the practice block. Each trial consisted of the presentation of a target 

description, “10 degrees” or “45 degrees” for 1 second, followed by the presentation of a 

stimulus slide, which remained on screen until the participant responded, present or not 

present. The onset of the presentation of the next target bar occurred after an inter-trial 

interval of 1 second. The experiment was around 3-4 minutes in duration. 

 

Ethics 

BPS Code for ethics and conduct were observed. Participants were informed that the 

experiment involved searching a display while their eye movements were being tracked. 

They were further informed that if the nature of the display at any time caused any 

discomfort., such as eye strain or trigger headaches, they could stand and could stop the 

experiment. Informed consent was then obtained before continuing. 

The experiment did include an element of deception, participants were misled about the 

primary task, search for a distinct target compared to a less distinct target. Participants were 

fully debriefed about the true nature of the experiment immediately on completion. 

Specifically, participants were assured that apparent changes to the display were a result of 

deliberate manipulation, not a potential issue with their eyesight. 
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Ethical approval for all experiments was obtained from the Research Graduate School and 

the School of Psychology Ethics committee at the University of Bedfordshire. 

 

 

4.3 Results 

Overall percentages of correct report to failure to report were 48.4% failure, 51.6.% correct 

in the Variable condition and 45.5% failure, 54.5% correct in the movable condition. This is 

taken to indicate that the differentiation between target and non-targets was not so great 

as to be easy to detect but not so similar as to be too difficult to detect. By contrast, failure 

to report in the Constant condition was 7.3%, indicating that failure in the Variable and 

Constant conditions was affected by something other than random error. By comparison 

errors in the target absent display were 3.9%. 

 

Table 4.1: Mean scores for all measures across conditions for correct and incorrect report 

(standard errors in parenthesis)  

Target Type Target Fixations Total Fixations Fixation Ratio Fixation Time 

(ms) 

Response Time 

(ms) 

Correct Report 

Constant 1.47 (0.10) 4.38 (0.16) 0.31 (0.02) 332.855 (12.11) 1600.26 (85.29) 

Variable 1.54 (0.17) 4.70 (0.27) 0.29 (0.03 454.81 (20.49) 2428.77 (144.35) 

Moveable 2.13 (0.14) 5.45 (0.23) 0.35 (0.02) 420.67 (17.38) 2736.31 (122.44) 

Failure to Report 
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Constant 0.84 (0.46) 5.17 (0.77) 0.16 (0.05) 268.28 (70.44) 1955.16 (591.09) 

Variable 2.01 (0.11) 6.58 (0.31) 0.31 (0.02) 465.56 (27.78) 3450.59 (233.11) 

Moveable 2.54 (0.20) 6.85 (0.34) 0.35 (0.02) 382.64 (31.14) 3032.34 (261.33) 

 

 

Correct Report 

For Target Fixations, it can be seen from Table 5.1 that there were increasing means across 

conditions of Constant, Variable and Moveable, which was significant, F(2, 104.29) = 5.62, p 

< .001. However, this is the result of more fixations on the target location in the Moveable 

condition that the Constant or Variable conditions as can be seen from Figure 4.5. 

 

Figure 4.5 Mean Target Fixations across conditions for Correct Report 

 

Differences in means for Total Fixations were also significant F(2, 70.06) = 7.03, p = .02, with 

means increasing across conditions (See figure 4.6) 
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Figure 4.6 Mean Total Fixations across conditions for Correct Report 

 

However, there was no significant effect for Fixation Ratio, F(2, 102.11) = 2.20, p = .116. 

 

For Fixation Duration participants looked significantly longer at fixation in the Variable and 

Moveable conditions than the Constant condition, F(2, 79.99), p < .001, but there was little 

difference between them, as illustrated in Figure 4.7  
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Figure 4.7 Mean Fixation Durations across conditions for Correct Report 

 

Table 5.1 shows increasing Reaction times across Constant, Variable and Moveable 

condition, all of which were significant, F(2, 64.11) = 9.88, p < .001, as illustrated in figure 

4.8. 
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Figure 4.8 Mean Reaction Times across conditions for Correct Report 

 

Incorrect Report 

 

For mean fixations on the target location, there was a significant effect for Target Type  (F(2, 

66.26) = 4.79, p = .01), both Variable and Constant conditions produced a higher number of 

fixations on the target (See figure 5.9). 
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Figure 4.9 Mean Target Fixations across conditions for Incorrect Report. 

 

While there were higher Total Fixations for the Variable and Moveable conditions, this was 

not significant, F(2, 104.30) = .79, p = .46. 

 

For Fixation Ratio, the Variable and Moveable conditions show that participants fixated more on the 

target locations as a proportion of total fixations than in the Constant condition, F(2, 58.54) = 4.27, 

p = .02 (See Figure  
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Figure 4.10 Mean Fixation Ratio across conditions for Incorrect Report. 

 

There was also a significant effect for Fixation Duration F(2, 115.93) = 3.73, p = .03. 

Participants looked longer at fixation in the Variable and Moveable conditions that the 

Constant condition, as illustrated in Figure 4.11 
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Figure 4.11 Mean Fixation Duration across conditions for Incorrect Report. 

 

While it can be seen from Table 5.1 that Reaction Times in the Variable and Moveable 

conditions than the Constant condition, this was not significant. F(2, 114.11) = 1.23, p = .30. 

 

In some cases lack of significant effects for failure to report, despite mean differences on 

most of the measures, could perhaps be explained by the small percentage of failures in the 

constant condition, resulting in standard errors around double those of the Variable and 

Constant conditions. However, the number of overall fixations and reaction times for these 

two conditions were higher than those for target absent displays, 5.33 and 1965.85 (ms) 

respectively. Indicating that participants were giving these conditions more consideration 

than the absent displays before deciding the target was not present. 
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It can be noted from Table 4.1, that a failure to report in the Variable and Moveable 

conditions were accompanied by higher values than correct report on all measures, as with 

Study 1. Again, this was investigated further by removing the Constant condition and 

including report accuracy as a second factor, to explore whether these differences were 

significant. Prior to analysis the same correction for response bias was carried out as with 

Study 1 (Uncorrected Data can be found in Appendix 1) 

 

Table 4.2 Mean scores for all measures across conditions for Accuracy and Target Type 

(standard errors in parenthesis) 

Target Type Target Fixations Total Fixations Fixation Ratio Fixation Time 

(ms) 

Response Time 

(ms) 

Accuracy of Report 

Correct 1.82 (0.12) 6.57 (0.28) .34 (0.02) 438.92 (21.66) 2571.93 (146.35) 

Incorrect 2.82 (0.14) 7.27 (0.24) .41 (0.02) 420.92 (17.94) 3448.69 (176.71) 

Target Type 

Variable 1.79 (0.16)  5.75 (0.22) .34 (0.02) 461.19(20.09) 2978.56 (163.96) 

Moveable 2.01 (0.13) 6.46 (0.21) .39 (0.02) 396.85 (19.14) 3448.69 (176.71) 

 

 

For mean fixations on the target, failure to report was accompanied by significantly more 

fixations on the target location than for correct report, (F(1, 33.18) = 4.36, p = .05). There 

was also a significant main effect for Target Type, (F(1, 42.31) = 10.08, p = .003), more 

fixations on the target location occurred in the Moveable condition) than the Variable 
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condition. There was no significant interaction. A breakdown of target fixations by condition 

can be seen in Figure 4.5. 

 

 

Figure 4.12: Mean target fixations for Target Type and accuracy 

 

 

Analysis of total number of fixations showed that for Accuracy, a failure to report was 

accompanied by significantly more fixations overall than correct report (M = 5.05., SE = .20),  

F(1, 31.08) = 6.21, p = .02. 

There was also a significant main effect for Target Type, F(1, 40.44) = 7.27, p = .01). More 

fixations occurred in the Moveable than the Variable condition (M = 5.75, SE = .22). There 

was no significant interaction. Total fixations by condition can be seen in Figure 3. 
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Figure 4.13: Total fixations for Target Type and Accuracy 

 

For Fixation Ratio, there was a significant main effect for Accuracy F(1, 31.56) = 4.26, p = 

.047. Participants were making more fixations on the target location as a proportion of total 

fixations before deciding the target was not present than correct report.  There was also a 

significant main effect for Target Type F(1, 51.03) = 5.94, p = .02, but no significant 

interaction. 
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Figure 4.14: Fixation Ratio for Target Type and Accuracy 

 

Analysis of Fixation Durations showed that fixations were held significantly longer for a 

Variable target than a Moveable target, F(1, 34.95 ) = 7.29, p = .01. There was no significant 

effect for Accuracy and no significant interaction.  
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Figure 4.15: Total fixations for Target Type and Accuracy 

 

Analysis of response times showed that a failure to report took longer than a correct report 

(See Table 5.2.). However, this difference was not significant F(1, 32.83 ) = .51, p = .30. 

Similarly, there was, no significant difference in response times for Target Type F(1, 24.69) = 

.02, p = .90. There was no significant interaction F(1, 9.66) = 2.31, p = .16.  

 

4.4 Discussion 

If consciousness precedes attention and plays a role in guiding attention to the target, this 

leads to the hypothesis that there will be more fixations on the target location and overall, 

and longer fixation durations in the Variable and Moveable conditions than the Constant 

condition when participants are prevented from allocating overt attention to make the final 

decision.  
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This would hold true for both Correct and Incorrect Report, however, Correct Report would 

indicate that participants are not relying on overt attention to make the final decision. 

It can therefore be further hypothesised that Failure to Report would be accompanied by 

more fixations and fixation durations than correct report, when relying on overt attention to 

make the decision about target presence. 

The attention preceding consciousness position would essentially predict the Null of the 

above hypotheses since indicators of awareness could only occur when attention has been 

allocated to the target. 

 

The current experiment involved a visual search of a target differing from the non-targets, in 

orientation under three conditions in order to investigate two hypotheses regarding the 

relationship between consciousness and attention Participants were require to report, 

through a key press, the presence or absence of an angled bar under three conditions. 

Results show that there were about equal proportions of correct report to failure to report, 

with both Variable and Moveable conditions resulting in more failures that the Constant 

condition.  

For correct report, there were more fixations on the target in the Moveable condition than 

the Constant condition and more fixations overall for both Variable and Moveable but no 

effect for Fixation Ratio indicating that correct report was not associated with increased 

proportions of Target to Total conditions. In addition fixation duration was significantly 

longer for the Variable and Moveable conditions than the Constant condition. The same 
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effect was found for overall reaction times. Participants were looking longer and more often 

to determine target presence than the Constant condition. 

For Incorrect Report there were significantly more fixations on the target and a higher 

fixation ratio in the Variable and Moveable conditions than the Constant conditions. The 

same effect was found for Fixation Duration. These results are taken to indicate grater 

engagement with the task in the Variable and Moveable conditions, while still resulting in a 

failure to report. This is interpreted as suggesting that participants were aware of something 

that could be the target, but being prevented for allocating overt attention, tend to result in 

a failure to report. Taken together, the above findings broadly support the first hypothesis.  

 

Further analysis investigated the difference in eye movements accompanying either correct 

or failure to report. It was found that failure to report the presence of the target was 

accompanied by more fixations than correct report. While there was a trend in this direction 

for the uncorrected data this became significant for the corrected data.  

Analysis of total number of fixations for a trial found a similar pattern, a trend toward more 

fixations accompanied by a failure to report which becomes significant for the corrected 

data. A similar result was found for fixation ratio, indicating that a failure to report was 

accompanied by a higher proportion of target to total fixations than correct report. Timing, 

in terms of overall trial response times and fixation durations found no effect for Accuracy in 

either the Variable or Moveable conditions for trial times. These findings partially support 

hypothesis two, at least in terms of fixations, but not fixation duration. 
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Taken together, these results indicate that participants take about the same amount of time 

to come to a decision, whether the target is present or not present, despite looking at the 

target more times before deciding that the target is not present. This would indicate that 

participants are aware of something that could be the target but being unable to apply focal 

attention decide that the target is not present. The lower number of fixations accompanied 

by a correct report would indicate a different decision criterion when determining that the 

target is present. This supports the interpretation the of the findings in Study One, that this 

could be explained by a distinction between overt and covert attention when determining 

the presence of the target. 

 

These findings are taken to conclude that the weight of the evidence supports the 

consciousness first hypotheses, we are aware of more than we can report, attention being 

required for discrimination, decision and report, failure to report occurs when attentional 

processing is disrupted. This would be consistent with the findings of Vandenbroucke et al. 

(2011), that basic features such as orientation are maintained across successive 

presentations of a display. In the case of the current study, this suggests that orientation is 

maintained across successive fixations, that participants must be aware that the orientation 

of a bar in the display in not consistent with the previous fixation and attempt to resolve the 

conflict through either covert attention or further acts of overt attention. 

 

 It was further found that there was a significant effect for Target Type, in both corrected 

and uncorrected data, with the Moveable condition resulting in more fixations and a higher 
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fixation ration than the Variable condition, consistent with the findings for Study One. In 

both cases, there was no interaction between report accuracy and Target Type. 

 

For fixation durations there was an effect for Target Type, longer fixations were made in the 

Variable condition than the Moveable condition. Overall reaction times show no difference 

for Target Type, despite the Moveable condition producing more fixations on the target and 

more fixations overall. This can be attributed to the shorter fixation times for the Moveable 

condition and taken together, are consistent with previous finding regarding the sudden 

onset of a stimulus captures attention in a visual search (Yantis & Jonides, 1990). In the 

Variable condition, however, it could be said that the distractor acts as a mask for the target 

at fixation, with a saccade away from that location effectively removing the mask from the 

target. 

 

As with Study One, it could be argued that this effect is due to decision criteria, participants 

believe the target to be present at a location but when looking directly at it, is not there? 

Does this count as present or not present? Many participants expressed verbally that 

something is moving, however, still reported, on many occasions, that the target was not 

present. It should be noted, that some participants experienced the change in orientation as 

movement, in contrast to something changing in Study One. One participant stated, on 

debriefing, “I saw it, so it was there”. However most attributed this experience as some 

form of visual illusion (perhaps an advantage to using mostly psychology students).  
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The current study used a feature search, bars differing in orientation from the background 

to investigate the relationship between consciousness and attention. Evidence was found 

for awareness of the target even in the absence of report, supporting the argument that 

consciousness overflows attention. These findings are the consistent with, but stronger than 

Study One, suggesting that consciousness can overflow feature-based attention. The 

following two studies investigate whether this effect holds for targets differing from the 

background by higher order properties, forms and conjunctions. 
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Chapter Five – Study Three: Shape Search 

 

5.1 Introduction 

 

The shape of an object is composed of a number of lower level features such as edges and 

can be viewed as a higher level property, in shape searches, it has been found that search is 

influenced by the relative relationship of the target object to the non-targets, rather than 

specific low level features (Becker et al., 2014).  

In a review of the factors guiding visual search, Wolfe and Horowitz (2017) describe features 

such as colour and orientation as “undoubted” factors, whereas shape is listed as “possible”, 

due to the difficulty of defining precisely what it is about shape that guides the search. 

Alexander et al. (2014) presented participants with a preview target object, which was 

fixated for 100ms. This was followed by a search display under two conditions, altered and 

unaltered. In the altered condition, the target was replaced by a synthetic, visually degraded 

version of the target, one in which global shape was preserved and one in which it was not. 

When a saccade was made toward the target, it was replaced with the unaltered version. 

Under these conditions, they found no difference in response time between the unaltered 

target and the synthesised target where shape was preserved. In fact, no participants 

reported seeing synthesised targets in the display. They conclude that global shape 

information is an important factor in guiding visual search.  

 

However, the finding of  Li et al. (2002), that a peripheral stimulus can be categorised 

outside the focus of attention would imply that more than just global shape information is 
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available to guide search. Perhaps conscious awareness of the shape, or at least the degree 

to which the shape differs from the background is also of importance.  The present 

experiment investigates whether there is evidence of awareness of the shape of an 

intended target outside of focal attention, when the attentional processing is disrupted.   

 

Study Three used the same design as the previous studies, again, using a visual search task, 

eye movements were tracked to measure the allocation of attention. The current study, 

however required searching for a target that varies in shape from non-targets. The target in 

this case was an oval shape with the non-targets being circles. Eye movements were again 

measured under three conditions. In condition one (Constant), the oval target remains 

visible when a fixation is made. In the second condition (Variable), the oval target is present, 

but changes to a circle when a saccade toward it is detected. Therefore, when a fixation is 

made (attention deployed to that region) the oval has been replaced by a circle. The circle 

changing back to an oval shape when a saccade is made away. In the third condition 

(Moveable), a saccade to the target causes the oval to move to another, randomly selected, 

target position, the original location being changed to a circle, subsequent fixations resulting 

in further re-locations of the target. 

 

If consciousness precedes attention and plays a role in guiding attention to the target, this 

leads to the hypothesis that there will be more fixations on the target location and overall, 

and longer fixation durations in the Variable and Moveable conditions than the Constant 

condition when participants are prevented from allocating overt attention to make the final 

decision.  
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This would hold true for both Correct and Incorrect Report, however, Correct Report would 

indicate that participants are not relying on overt attention to make the final decision. 

It can therefore be further hypothesised that Failure to Report would be accompanied by 

more fixations and fixation durations than correct report, when relying on overt attention to 

make the decision about target presence. 

 

The attention preceding consciousness position would essentially predict the Null of the 

above hypotheses since indicators of awareness could only occur when attention has been 

allocated to the target. 

 

5.2 Method 

 

Design 

A visual search paradigm was used, in which participants had to respond to whether the 

target shape was present or absent.  

 

The experiment employed a within-participants design. The independent variable was 

Target Type (Constant, Variable, Moveable). In the Constant condition, no change was made 

at fixation. In the Variable condition, the oval target changed to a circle prior to fixation, 

changing back as a saccade was made away. In the Moveable condition, the oval was moved 

to another position on the display prior to fixation, a subsequent fixation on the new 

position causing the target to move to the original position.  
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The dependent variables measured were number of fixations on the target, total number of 

fixations, mean fixation time in milliseconds, search time in milliseconds and accuracy of 

report. All conditions were randomised. 

 

Participants 

Participants were University of Bedfordshire psychology students, with normal or corrected 

acuity and normal colour vision. There were 34 participants, 31 female and 3 male with a 

mean age of 25.94 years and SD of 10.27, obtained through opportunity sampling. Two 

participants were removed from the analysis for failing to follow instructions correctly. 

 

Apparatus 

See General Procedure section 

 

Materials  

Stimuli consisted of 48 slides each with 30 blue circles arranged in an irregular pattern, 

which remained constant for all slides, 32 slides with target, 16 without target as shown in 

Figure 5.1.  
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Figure 5.1 Background stimuli 

 

In the current experiment, target shapes consisted of an oval within the display of circles. 

Each shape was located in a 25mm square region, which was not visible to the participants, 

with a gaze position into, or out of a surrounding 22mm border triggering a change to the 

target.   

 

 

 Figure 5.2 Example of target shape   

 

For the slides with target, 8 contained a Constant target, 8 a Variable target and 8 a 

Moveable target.  

In addition, 8 slides contained an alternative, Constant, easy to detect square target. This 

acted at a distractor trial, to convey the impression that this was a standard visual search 

task, that is, no changes occurred for the square target as in Figure 5.3.   
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Figure 5.3 Easy to detect square target. 

 

Participants were prompted before each trial to search for a target shape, either a square or 

an oval, this prompt also served as an initial fixation area, no targets appeared in this area.  

 

Procedure 

Prior to beginning the experiment, participants were reminded that participation was 

voluntary, that they had the right to withdraw at any time and data would be held in an 

anonymous format. An informed consent form was then signed. Participants were tested 

seated in front of the display with their head on a chin-rest. On completing calibration of the 

eye tracker participants were presented with instructions to search the display for a target 

and press the M key for target present and Z for target not present.  

 

There were two trial blocks: one practice block of 16 trials and an experimental block of 48 

randomised trials. Prior to the practice block, participants were shown an example of target 

shapes, in order to differentiate between for five seconds. This was only presented once, 

prior to the practice.  
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Figure 5.4 Example targets presented to participants. 

Practice was repeated until participants were confident that they could differentiate the 

square and oval shapes from the circles and respond with the appropriate key. No target 

changes were made during the practice block. Each trial consisted of the presentation of a 

target description, “Oval” or “Square” for 1 second, followed by the presentation of a 

stimulus slide, which remained on screen until the participant responded, present or not 

present. The onset of the presentation of the next target bar occurred after an inter-trial 

interval of 1 second. The experiment was around 3-4 minutes in duration. 

 

Ethics 

BPS Code for ethics and conduct were observed. Participants were informed that the 

experiment involved searching a display while their eye movements were being tracked. 

They were further informed that if the nature of the display at any time caused any 

discomfort., such as eye strain or trigger headaches, they could stand and could stop the 

experiment. Informed consent was then obtained before continuing. 

The experiment did include an element of deception, participants were misled about the 

primary task, search for a distinct target compared to a less distinct target. Participants were 

fully debriefed about the true nature of the experiment immediately on completion. 
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Specifically, participants were assured that apparent changes to the display were a result of 

deliberate manipulation, not a potential issue with their eyesight. 

Ethical approval for all experiments was obtained from the Research Graduate School and 

the School of Psychology Ethics committee at the University of Bedfordshire. 

 

5.3 Results 

 

Overall percentages of correct report to failure to report were 45.8% failure, 54.2% correct 

in the Variable condition and 42.9% failure, 57.1% correct in the movable condition. This is 

taken to indicate that the differentiation between target and non-targets was not so great 

as to be easy to detect but not so similar as to be too difficult to detect. By contrast, failure 

to report in the Constant condition was 12.5%, indicating that failure to report in the 

experimental conditions was affected by something other than decision error. In 

comparison, failures in the target absent trial were 3.8% 
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Table 5.1: Mean scores for all measures across conditions for correct and incorrect report 

(standard errors in parenthesis)  

 Target Fixations Total Fixations Fixation Ratio Fixation Time 

(ms) 

Reaction Time 

(ms) 

Correct Report 

Constant 1.22 (0.09) 4.45 (0.22) 0.30 (0.02) 350.38 (41.16) 1502.50 (121.88) 

Variable 1.47 (0.14) 6.57 (0.34) 0.25 (0.02) 330.71 (21.82) 2416.86 (188.21) 

Moveable 1.82 (0.13) 6.57 (0.31) 0.27 (0.02) 379.53 (21.72) 2864.23 (172.32) 

Failure to Report 

Constant 0.53 (0.48) 6.59 (0.82) 0.82 (0.04) 301.82 (13.82) 2603.21 (335.77) 

Variable 1.53 (0.25) 8.99 (0.44) 0.18 (0.22) 341.15 (21.34) 3346.11 (188.59) 

Moveable 2.42 (0.23) 9.10 (0.43) 0.22 (0.22) 351.66 (19.53) 4176.03 (187.70) 

 

 

Correct Report 

For Target Fixations, it can be seen from Table 5.1 that the means increase across the Constant, 

Variable and Moveable conditions, these differences were significant, F(2, 71.72) = 5.49, p = .006 

across all conditions as illustrated in Figure 5.5 
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Figure 5.5: Mean Target fixations for Target Type in Correct report 

There was also a significant difference in Total Fixations, F(2, 70.47) = 16.23, p < .001, with the 

Variable and Moveable conditions producing more fixations overall than the Constant condition 

(See Figure 5.6) 

 
Figure 5.6: Mean Total Fixations for Target Type in Correct report 
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Fixation Ratio produced no significant differences, F( 2, 88.30 ) = 1.39, p = .25. Neither did Fixation 

Duration, F (2, 83.41) = 2.78, p = .07 

There was, however a significant effect for Reaction Time, F(2, 62.16) = 11.34, p < .001, 

 with successively higher reaction times across the Constant, Variable and Moveable conditions as 

illustrated in figure 5.7  

 
Figure 5.7: Mean Total Fixations for Target Type in Correct report 

 
 

Incorrect Report 

For target fixations, There was a significant effect for Target Type, F(2, 62.77) = 4.83, p = .01, both 

Variable and Moveable conditions produced a higher number of fixations on the target than the 

Constant condition, with Moveable also being higher than Variable (See Figure 5.8 .  
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Figure 5.7: Mean Total Fixations for Target Type in Incorrect report. 
 

For Total Fixations, despite increasing means across condition, this was not significant, F(2, 67.9 ) = 

2.21, p = .12. 

There was, however, a significant effect for Fixation Ratio, F (2, 61.39) = 3.61, p = .03, with a 

greater proportion of Target to overall fixations for the Variable and Moveable conditions (See 

Figure 5.8) 
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Figure 5.8: Mean Fixation Ratio for Target Type in Incorrect report. 
 

There was no significant effect for either Fixation Duration F(2, 80.37) = 1.99, p = .14, or Reaction 

Time F( 2, 68.19 ) = 1.75, p = .18, despite increasing means across the Constant, Variable and 

Moveable conditions, as seen in Table 5.1. 

 

In some cases, lack of significant effects for failure to report, despite mean differences on 

most of the measures, could perhaps be explained by the small percentage of failures in the 

constant condition, resulting in standard errors around double those of the Variable and 

Constant conditions. However, the number of overall fixations and reaction times for these 

two conditions were higher than those for target absent displays, 8.71 and 3214.04 (ms) 

respectively. Indicating that participants were giving these conditions more consideration 

than the absent displays before deciding the target was not present. 
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It can be noted from Table 5.1, that a failure to report in the Variable and Moveable 

conditions were accompanied by higher values than correct report on all measures, as with 

Both previous studies. Again, this was investigated further by removing the Constant 

condition and including report accuracy as a second factor, to explore whether these 

differences were significant. Prior to analysis the same correction for response bias was 

carried out as with Studies 1 and 2 (Uncorrected Data can be found in Appendix 1). 

 

Table 5.2 Mean scores for all measures across conditions for Accuracy and Target Type 

(standard errors in parenthesis) 

 Target Fixations Total Fixations Fixation Ratio Fixation Time 

(ms) 

Reaction Time 

(ms) 

Accuracy of Report 

Correct 1.65 (0.14) 6.57 (0.28) 0.26 (0.02) 346.54 (15.62) 2645.95 (152.67)   

Incorrect 2.66 (0.18) 10.24 (0.36) 0.28 (0.02) 341.06 (19.83) 3988.17 (193.88) 

Target Type 

Variable 1.79 (0.16)  7.80 (0.31) 0.25 (0.02) 334.62 (17.44) 2862.17 (170.49) 

Moveable 2.39 (0 .16) 8.56 (0.31) 0.28 (0.02) 353.34 (17.49) 3601.59 (171.06) 

 

 

 

For mean fixations on the target, failure to report was accompanied by significantly more 

fixations on the target location than for correct report, F(1, 25.57) = 5.66, p = .03. There was 
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also a significant main effect for Target Type, F(1, 41.21) = 7.89, p = .008, more fixations on 

the target location occurred in the Moveable condition  than the Variable condition. 

There was no significant interaction. A breakdown of target fixations by condition can be 

seen in Figure 5.9. 

 

 
 

Figure 5.9: Mean target fixations for Target Type and Accuracy 

 

Analysis of total number of fixations showed that for Accuracy, a failure to report was 

accompanied by significantly more fixations overall than correct report, F(1, 31.08) = 16.20, 

p  < .001 

There was no significant main effect for Target Type, F(1, 38.46) = 2.15, p = .15 and no 

significant interaction. Total fixations by condition can be seen in Figure 5.10. 
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Figure 5.10: Total fixations for Target Type and accuracy 

 

For fixation Ratio no significant main effect for Target Type F(1, 40.14) = 3.02, p = .09 and no 

significant main effect for Accuracy  F(1, 24.73) = .27, p  = .61. However, the means, as seen 

in Table 5.2 are in the same direction as Target Fixations and Totally Fixations. 

 

Analysis of Reaction Times showed a significant main effect for Accuracy F( 1, 24.99 ), 5.16, 

p = .03. A failure to report took longer than a correct report There was, no significant 

difference in Reaction times for Target Type F(1, 44.71) = 2.69, p = .11. There was, however, 

a significant interaction F(1, 9.28) = 6.95, p = .03 (See Figure 5.11). 
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Figure 5.11: Reaction Times for Target Type and Accuracy 

 

Analysis of Fixation Durations showed no significant effect for Accuracy F( 1, 26.72 ) = .56, p 

= .46, or Target Type F( 1, 51.95 ) = .16, p = .69 and no significant interaction.  

 

5.4 Discussion 

 

If consciousness precedes attention and plays a role in guiding attention to the target, this 

leads to the hypothesis that there will be more fixations on the target location and overall, 

and longer fixation durations in the Variable and Moveable conditions than the Constant 

condition when participants are prevented from allocating overt attention to make the final 

decision.  

This would hold true for both Correct and Incorrect Report, however, Correct Report would 

indicate that participants are not relying on overt attention to make the final decision. 
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It can therefore be further hypothesised that Failure to Report would be accompanied by 

more fixations and fixation durations than correct report, when relying on overt attention to 

make the decision about target presence. 

The attention preceding consciousness position would essentially predict the Null of the 

above hypotheses since indicators of awareness could only occur when attention has been 

allocated to the target. 

 

Consistent with findings from the first two studies, results show that there were about equal 

proportions of correct report to failure to report, with both Variable and Moveable 

conditions resulting in more failures that the Constant condition.  

 

For correct report, there were more fixations on the target in the Variable and Moveable 

conditions than the constant condition and more fixations on the Moveable than Variable 

condition. There were also more fixations overall but no effect for fixation ratio, indicating 

that correct report occurred without focussing on the target proportionately more. There 

was no effect for fixation duration although it was close to significance. These finding 

suggest some evidence of increased engagement in the Variable and Moveable conditions 

compared to the Content condition when determining target presence. 

 

For Incorrect Report there was a significant effect for target fixations and fixation ratio but 

not for total fixations, indicating that participants were engaging with the target location 

more in the Variable and Moveable conditions yet still failing to report the presence of the 
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target. They were looking harder, but decided it was not present. There was no effect for 

fixation duration. However, taken together, the above results suggest partial support for the 

first hypothesis. 

 

 When comparing correct to incorrect report, it was found that failure to report was 

accompanied by more fixations on the oval than correct report for the corrected data, 

although there was a trend in this direction for the uncorrected data, consistent with the 

orientation search (Study Two).  

 

Analysis of overall trial response times and total fixations found that failure to report took 

longer than correct report, in both the corrected and uncorrected data. Analysis of total 

number of fixations for a trial found failure to report was accompanied by more fixations for 

both uncorrected and corrected data although there was no effect for fixation ratio. While a 

failure to report was not accompanied with longer fixation times than correct report, they 

did take longer to make the decision that the target was not present. With the previous two 

studies, participants looked more often and took longer to decide that the target was 

absent than to decide that it was present. 

 

Taken together, these results support the two hypotheses and the Consciousness first 

position, that is, participants are aware of more than they report, when depending on an 

overt attention strategy, but correctly reporting the presence of the oval when using a 

covert attention approach. This would be consistent with the findings of Alexander et al. 
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(2014), that shape guides visual search. In this case, it is argued that awareness of shape 

occurs outside of focal attention. 

 

It was further found that there was a significant effect for Target Type, in both corrected 

and uncorrected data, with the Moveable condition resulting in more fixations than the 

Variable condition. Suggesting, again, that the Moveable conditions attracts exogenous 

attention. In both cases, there was no difference in total fixations and response times for 

Target Type and no effect for fixation durations there was no effect for either accuracy or 

Target Type.  

 

In summary, the current study found support for the argument that consciousness precedes 

attention. The previous two studies found that this is the case for feature searches, such as 

colour and orientation, the current study has found similar result for higher order properties 

such as shape. The final visual search experiment investigates whether these results are the 

case with searches based on objects defined by a conjunction of form and colour. 
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Chapter Five – Study Four: Conjunction Search 

 

6.1 Introduction 

 

The previous three experiments involved searching for a target that differed from the non-

targets by a single feature or form. According to Treisman and Gealde’s (1980) Feature-

Integration theory of attention, individual perceptual features are registered through a fast, 

initial parallel process, which then requires focal attention to ‘integrate’ features into 

perceptions of objects through a serial search. Such features are registered along a number 

of ‘dimensions’ such as orientation shape and colour, which can have a range of values. 

These features are processed in different parts of the visual cortex, which raises the 

question, how are these features ‘bound’ into the single, unified conscious experience of 

say, a red square. In this view, binding requires attention, attention being in some sense, the 

route to conscious experience. 

 

The view that feature conjunction always requires a serial search, with focal attention 

required to bind features into a single object has been challenged by research that shows 

such searches can be efficient (Pashler, 1998). This would imply that binding can take place 

outside of focal attention, search becomes more difficult when features differ with objects 

rather than between objects (Pashler, 1998). 
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The previous three studies suggest that awareness of basic features and form can occur in 

the absence of focal attention, but attention is required for report. Disruption of the 

attentional processing can result in a failure to report, despite repeated fixations on the 

target. While these results can, to some extent, be attributed to a pop-out effect, the 

current study investigated whether similar effects are found in conjunction search. Since 

such searches require the binding of different features, pop-out effects are reduced 

(Montemayor & Haladjian, 2015). The question arises, is the evidence of awareness of the 

target despite a failure to report? 

 

The current study follows the same design as the three previous studies, eye movements 

were tracked as a measure of attentional processing, in a visual search task. In this case the 

target was a green circle that varies on two features from the non-targets, colour and shape 

(yellow circles and green squares). Eye movement data was again measured under three 

conditions. In condition one (Constant), the green circle remains visible when a fixation is 

made. In the second condition (Variable), the green circle is present, but changes to a yellow 

circle when a saccade toward it is detected. Therefore, when a fixation is made (attention 

deployed to that region) the target is not present. However, when a saccade is subsequently 

made away, the yellow circle is then changed back to a green circle. In the third condition 

(Moveable), a saccade to the target causes the green circle to move to another, randomly 

selected, target position, subsequent fixations resulting in further re-locations of the target. 

 

If consciousness precedes attention and plays a role in guiding attention to the target, this 

leads to the hypothesis that there will be more fixations on the target location and overall, 
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and longer fixation durations in the Variable and Moveable conditions than the Constant 

condition when participants are prevented from allocating overt attention to make the final 

decision.  

 

This would hold true for both Correct and Incorrect Report, however, Correct Report would 

indicate that participants are not relying on overt attention to make the final decision. 

It can therefore be further hypothesised that Failure to Report would be accompanied by 

more fixations and fixation durations than correct report, when relying on overt attention to 

make the decision about target presence. 

 

The attention preceding consciousness position would essentially predict the Null of the 

above hypotheses since indicators of awareness could only occur when attention has been 

allocated to the target. 

 

6.2 Method 

 

Design 

A visual search paradigm was used, in which participants had to respond to whether the 

target colour was present or absent.  
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The experiment employed a within-participants design. The independent variable was 

Target Type (Constant, Variable, Moveable). In the Constant condition, no change was made 

at fixation. In the Variable condition, the green circle target changed to a yellow circle prior 

to fixation, changing back as a saccade was made away from the target. In the Moveable 

condition, the green circle was moved to another position on the display prior to fixation, a 

subsequent fixation on the new position causing the target to move to the original position.  

 

The dependent variables measured were number of fixations on the target, total number of 

fixations, mean fixation time in milliseconds, search time in milliseconds and accuracy of 

report. All conditions were randomised. 

 

Participants 

Participants were University of Bedfordshire psychology students, with normal or corrected 

acuity and normal colour vision. There were 33 participants, 30 female and 3 male with a 

mean age of 29.04 years and SD of 10.61, obtained through opportunity sampling. 

 

Materials  

Stimuli consisted of 48 slides each with 30 squares and circles arranged in an irregular 

pattern, which remained constant for all slides, 32 slides with target, 16 without target.  

The non-targets consisted of 16 yellow circles and 14 green squares as seen in Figure 6.1.  
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Figure 6.1 Background stimuli consisting of yellow circles and green squares.  

The arrangement ensured that, when one of the yellow circles was replaced with a green 

target, there was an equal number of green to yellow shapes, since participants have been 

found to fixate more readily on colour rather than shape in a visual search (Anderson et al., 

2010) 

 

Targets consisted of a green circle as shown in figure 6.2.  

 

Figure 6.2 Example of a green square target. 

For the slides with target, 8 contained a Constant target, 8 a Variable target and 8 a 

Moveable target.  

Distractor trials consisted of 8 slides containing an alternative, Constant, yellow square 

target as in Figure 6.3. No changes occurred for the yellow square target.   
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Figure 6.3 Yellow square distractor target. 

Participants were prompted before each trial to search for a either a yellow square or green 

circle target, this prompt also served as an initial fixation area, no targets appeared in this 

area.  

 

Procedure 

Prior to beginning the experiment, participants were reminded that participation was 

voluntary, that they had the right to withdraw at any time and data would be held in an 

anonymous format. An informed consent form was then signed. Participants were tested 

seated in front of the display with their head on a chinrest. On completing calibration of the 

eye tracker participants were presented with instructions to search the display for a target 

and press the M key for target present and Z for target not present.  

 

There were two trial blocks: one practice block of 16 trials and an experimental block of 48 

randomised trials. Prior to the practice block, participants were shown an example of target 

shapes (Figure 6.4), in order to differentiate the yellow square and the green circle from the 

non-target shapes, which remained visible for five seconds.  
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Figure 6.4 Example targets presented to participants 

Practice was repeated until participants were confident that they could differentiate the 

targets and respond with the appropriate key. No target changes were made during the 

practice block. Each trial consisted of the presentation of a target description, “Yellow 

Square” or “Green Circle” for 1 second, followed by the presentation of a stimulus slide, 

which remained on screen until the participant responded, present or not present. The 

onset of the presentation of the next target shape occurred after an inter-trial interval of 1 

second. The experiment was around 3-4 minutes in duration. 

 

Ethics 

BPS Code for ethics and conduct were observed. Participants were informed that the 

experiment involved searching a display while their eye movements were being tracked. 

They were further informed that if the nature of the display at any time caused any 

discomfort., such as eye strain or trigger headaches, they could stand and could stop the 

experiment. Informed consent was then obtained before continuing. 

The experiment did include an element of deception, participants were misled about the 

primary task, search for a distinct target compared to a less distinct target. Participants were 

fully debriefed about the true nature of the experiment immediately on completion. 
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Specifically, participants were assured that apparent changes to the display were a result of 

deliberate manipulation, not a potential issue with their eyesight. 

Ethical approval for all experiments was obtained from the Research Graduate School and 

the School of Psychology Ethics committee at the University of Bedfordshire. 

 

 

6.3 Results 

Overall percentages of correct report to failure to report were 38.3% failure, 61.7% correct 

in the Variable condition and 29.3% failure, 70.7% correct in the movable condition. This is 

taken to indicate that the differentiation between target and non-targets was not so great 

as to be easy to detect but not so similar as to be too difficult to detect. By contrast, failure 

to report in the Constant condition was 11.1%, indicating that failure in the experimental 

conditions was affected by something other than random error. Failure rates in the target 

absent trials were just 1.7% 
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Table 6.1: Mean scores for all measures across conditions for correct and incorrect report 

(standard errors in parenthesis) 

 Target Fixations Total Fixations Fixation Ratio Fixation Time 

(ms) 

Reaction Time 

(ms) 

Correct Report 

Constant 1.07 (0.06) 4.68 (0.13) 0.25 (0.01) 310.10 (5.94) 1637.33 (55.04) 

Variable 1.51 (1.51) 5.91 (0.25) 0.24 (0.02) 372.12 (11.74) 2785.51 (108.71) 

Moveable 1.75 (1.75) 6.32 (0.25) 0.24 (0.02) 399.16 (11.47) 2791.26 (106.27) 

Failure to Report 

Constant 0.50 (0.25) 6.05 (0.48) 0.13 (0.03) 280.15 (32.49) 2024.95 (247.37) 

Variable 1.72 (0.22) 7.85 (0.42) 0.22 (0.04) 441.21 (28.19) 3999.30 (214.66) 

Moveable 2.39 (0.26) 9.02 (0.49) 0.25 (0.03) 373.66 (33.11) 3873.64 (252.12) 

 

 

 

 

Correct Report 

There was a significant effect for Target Fixations, F( 2, 74.38) = 23.77, p < .001, as can be 

see in Table 6.1, mean fixations increase across the Constant, Variable and Moveable 

conditions.  

 Participants were looking more often at the target location in the Variable and Moveable 

conditions than the constant condition (See Figure 6.5) 
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Figure 6.5: Mean Target fixations for Target Type in Correct report 

There was also a significant effect for Total Fixations F(2, 73.68) = 9.36, p < .001. With more 

Total fixations in the Variable and Moveable conditions than the Constant condition, as 

illustrated in Figure 6.7 
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Figure 6.6: Mean Total fixations for Target Type in Correct report 

 
There was no significant effect for Fixation Ratio, F(2, 101.36) = 0.18, p = .84. There was, 

however, a significant effect for Fixation Duration, F(2, 83.38 ) = 7.60, p = .001, with longer 

fixations in the Variable and Moveable conditions than the constant condition (See Figure 

6.7) 

 
Figure 6.7: Mean Fixation Durations for Target Type in Correct report 

There was also a significant effect for response times, participants taking longer to decide 

that the target was present in the Variable and Moveable conditions than the constant 

condition. F( 2, 65.37 ) = 16.59, p < .001, as illustrated in Figure 6.7. 
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Figure 6.7: Mean Reaction Times for Target Type in Correct report 

 

 

 

 

 

Incorrect Report 

 

It can be seen from Table 5.1 that for Target Fixations, accompanied by an Incorrect Report 

means increase across the Constant, Variable and Moveable conditions, this was significant 

F(2, 71.00) = 7.88, p = .001. Figure 6.8 illustrates that all of these differences were 

significant. 
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Figure 6.8: Mean Target Fixations for Target Type in Incorrect report. 

 

There was also a significant effect for Total Fixation F(2, 77.9) = 77.98, p = .004. Participants 

make more fixations overall in the Variable and Moveable conditions than the Constant 

condition (See Figure 6.9) 

 
Figure 6.7: Mean Total Fixations for Target Type in Incorrect report. 
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There was, however, no significant effect for Fixation Ratio, F(2, 65.62) = 2.33, p = .11, 

despite the means trending in the same direction. 

There was, however, a significant effect for Fixation Duration, F(2, 108.58) = 9.01, p < .001, 

with both Variable and Moveable conditions producing longer fixation times than the 

constant condition as illustrated in Figure 6.8. 

 

 
Figure 6.8: Mean Fixation Durations for Target Type in Incorrect report. 

 

In addition, the Variable and Moveable conditions resulted in significantly longer Reaction 

Times overall than the Constant condition, F (2, 72.51) = 12.05, p < .001. See Figure 6.9. 
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Figure 6.9: Mean Reaction Times for Target Type in Incorrect report. 

 

It could be noted, that despite the low percentage of failures in the constant condition, 

consistent with the previous studies, standard errors for this condition were consistent with 

the Variable and Moveable conditions unlike the previous studies. However, the number of 

overall fixations and reaction times for these two conditions were higher than those for 

target absent displays, 7.71 and 3052 (ms) respectively. Indicating that participants were 

giving these conditions more consideration than the absent displays before deciding the 

target was not present. 

It can be noted from Table 5.1, that a failure to report in the Variable and Moveable 

conditions were accompanied by higher values than correct report on all measures, as with 

the previous studies. Again, this was investigated further by removing the Constant 

condition and including report accuracy as a second factor, to explore whether these 

differences were significant. Prior to analysis the same correction for response bias was 
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carried out as with the previous three studies. (Uncorrected Data can be found in Appendix 

1). 

Table 6.2 Mean scores for all measures across conditions for Accuracy and Target Type 

(standard errors in parenthesis) 

 Target Fixations Total Fixations Fixation Ratio Fixation Time 

(ms) 

Reaction Time 

(ms) 

Accuracy of Report 

Correct 1.64 (0.11) 6.13 (0.20) 0.24 (0.13) 356.47 (10.49) 2790.60 (103.71) 

Incorrect 2.57 (0.18) 8.97 (0.33) 0.30 (0.02) 416.86 (17.64) 4296.42 (174.38) 

Target Type 

Variable 1.87 (0.14) 6.99 (0.25) 0.26 (0.02) 409.02 (13.47) 3519.14 (133.24) 

Moveable 2.21 (0.14) 7.68 (0.25) 0.27 (0.02) 353.97 (13.70) 3332.62 (135.44) 

 

 

 

Referring to Table 6.2, for mean fixations on the target, there was a significant main effect 

for accuracy F(1, 32.64) = 9.24, p = .005.  A failure to report was accompanied by more 

fixations on the target location than for correct report. There was a significant main effect 

for Target Type F(1, 39.53 ) = 6.13, p = .02), more fixations on the target location occurred in 

the Moveable condition than the Variable condition. There was no significant interaction. A 

breakdown of target fixations by condition can be seen in Figure 6.10. 
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Figure 6.10: Mean target fixations for Target Type and Accuracy 

 

Analysis of total number of fixations showed a significant main effect for Accuracy , F(1, 

29.20) = 16.82, p < .001, a failure to report was accompanied by more fixations than correct 

report  

There was also a significant main effect for Target Type, F(1, 64.05) = 9.65, p = .003 More 

fixations occurred in the Moveable  than the Variable condition. There was no significant 

interaction. Total fixations by condition can be seen in Figure 6.11. 
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Figure 6.11: Total fixations for Target Type and accuracy 

 

For Fixation Ratio, there was a significant main effect for Accuracy F(1, 40.99) = 6.62,  p = 

.01, with a higher proportion of Target to Total Fixations accompanied by a failure to report, 

as seen in Figure. There was no significant main effect for Target Type F(1, 56.03) = 1.39, p = 

.24, and no interaction. 
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Figure 6.12: Fixation Ratio for Target Type and accuracy 

 

Analysis of Fixation Durations showed that fixation time was significantly longer for a 

Variable target than a Moveable target, F(1,  76.64) = 5.37, p = .02. There was no significant 

effect for accuracy and no significant interaction. 

Analysis of Reaction Times showed a significant effect for Accuracy F( 1, 28.38 ) = 12.38, p = 

.001. Failure to report took longer than a correct report. There was, however, no significant 

difference in Reaction Times for Target Type F(1, 31.55) = .01, p = .93 and no significant 

interaction. 
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Figure 6.13: Mean Reaction Time for Target Type and accuracy 

 

 

 

6.4 Discussion 

 

If consciousness precedes attention and plays a role in guiding attention to the target, this 

leads to the hypothesis that there will be more fixations on the target location and overall, 

and longer fixation durations in the Variable and Moveable conditions than the Constant 

condition when participants are prevented from allocating overt attention to make the final 

decision.  

This would hold true for both Correct and Incorrect Report, however, Correct Report would 

indicate that participants are not relying on overt attention to make the final decision. 
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It can therefore be further hypothesised that Failure to Report would be accompanied by 

more fixations and fixation durations than correct report, when relying on overt attention to 

make the decision about target presence. 

The attention preceding consciousness position would essentially predict the Null of the 

above hypotheses since indicators of awareness could only occur when attention has been 

allocated to the target. 

 

While the proportions of correct report to failure to report was lower than the previous 

three studies, the current experiment resulted in a failure to report the target in 40% of the 

trials, with both Variable and Moveable conditions resulting in more failures that the 

Constant condition.  

 

For correct report, participants looked at the target location more, and made more fixations 

overall in the Variable and Moveable conditions than the Constant condition, however, the 

decision that the target was present was not accompanied by a greater proportion of target 

to overall fixations, consistent with previous findings. In addition, fixation durations and 

overall response times were higher than the Constant condition.  

 

The same pattern of results was found for Incorrect Report participants looked at the target 

location more and made more fixations overall in the Variable and Moveable conditions 

than the Constant condition, however, the decision that the target was present was not 

accompanied by a greater proportion of target to overall fixations, consistent with previous 
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findings. In addition, fixation durations and overall response times were higher than the 

Constant condition. 

 

Consistent with the previous studies, a failure to report was accompanied by more target 

fixations than a correct report, which was analysed further.  It was found that failure to 

report was accompanied by more fixations on the green circle than correct report in both 

the uncorrected and corrected data. Analysis of total number of fixations for a trial found a 

similar pattern, failure to report accompanied by more overall fixations and longer response 

times than correct report and a greater fixation ratio, that is, participants were looking at 

the target proportionally more with respect to overall fixations than correct report. This 

would indicate some awareness of the target, despite determining that it was not present. 

However, while participants look longer to make the decision, there was no evidence of 

increased fixation durations. Despite this, the second hypothesis is largely supported. 

 

Taken together, these results support the consciousness first hypotheses, participants are 

aware of the green circle but failed to report when unable to apply overt attention, with 

correct report probably dependent on a covert decision criterion. This would also suggest 

that binding of features takes place outside of focal attention (Pashler, 1998). Why keep 

looking back if not aware of a green circle? 

 

There was also an effect for Target Type, in both corrected and uncorrected data, with the 

Moveable condition resulting in more fixations than the Variable condition. There was a 
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similar pattern for total number of fixations, with more fixations in the Moveable than the 

Variable conditions. In both cases, there was no interaction between report accuracy and 

Target Type. 

 

For fixation durations there was an effect for Target Type, longer fixations were made in the 

Variable condition than the Moveable condition. This could be explained by the sudden 

onset of the target at another location attracting attention to that location in the Moveable 

condition (Yantis & Jonides, 1990).  

 

The current study is therefore, overall, consistent with the findings of the previous three. 

Correct report is associated with a dependence of covert attention to determine the 

presence of the target, which is interpreted to suggest that failure to report results from 

dependence on overt attention to decide, despite evidence of awareness of the green circle. 



177 
 

Chapter Seven – Discussion 

 

There is an ongoing debate in the study of consciousness regarding the relationship 

between consciousness and attention. While it is widely accepted that attention and 

consciousness  are two distinct processes (Baars, 1997; Chica & Bartolomeo, 2012; De 

Brigard & Prinz, 2010; Koch & Tsuchiya, 2006; Lamme, 2003; Montemayor & Haladjian, 

2015; Wyart & Tallon-Baudry, 2008), the debate is over the nature of the relationship. Does 

consciousness precede, or overflow attention, or does consciousness always require and 

result from attention, referred to as no overflow. 

 

Four experiments were carried out to investigate the relationship between consciousness 

and attention. The four studies used a modification of the visual search paradigm, searching 

for a target in a display of non-targets and pressing a key to indicate whether the target was 

present or not present. This was used in conjunction with eye tracking, to modify the target 

when participants attempted to make a fixation.  

 

7.1 The Visual Search Experiments 

 

A common method for attempting to dissociate attention from consciousness involves 

directing focal attention to some central task, while evaluating awareness of some visual 

material outside the current focus of attention (Bronfman et al., 2014; Li et al., 2002) . The 

current four visual search experiments take a different approach, in that there is no attempt 

to direct attention away from a target, but to disrupt attentional processing of a target. The 
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aim was to investigate whether participants failed to report the presence of a target (a 

direct measure), despite the pattern of eye movements suggesting that they were aware of 

the presence of something that could be the target (an indirect measure).    

 

This was investigated by carrying out four visual search experiments in which a given target 

changed to a non-target, or moved to a different target location, preventing a direct fixation 

on the target. A constant condition was included to determine the error rates without target 

manipulation. Stimuli were presented randomly, together with a display in which no target 

was present and displays which contained easy to detect targets. This was intended as a 

distractor trial in which no changes took place. 

All experiments tested the following hypotheses. 

If consciousness precedes attention and plays a role in guiding attention to the target, this 

leads to the hypothesis that there will be more fixations on the target location and overall, 

and longer fixation durations in the Variable and Moveable conditions than the Constant 

condition when participants are prevented from allocating overt attention to make the final 

decision.  

This would hold true for both Correct and Incorrect Report, however, Correct Report would 

indicate that participants are not relying on overt attention to make the final decision. 

It can therefore be further hypothesised that Failure to Report would be accompanied by 

more fixations and fixation durations than correct report, when relying on overt attention to 

make the decision about target presence. 
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The attention preceding consciousness position would essentially predict the Null of the 

above hypotheses since indicators of awareness could only occur when attention has been 

allocated to the target. 

 

 

Study One, involved a feature search, searching for a target that differed from the 

background by colour, looking for a light red block in a display of dark red blocks. 

Participants failed to report the presence of the target on around 50% of the trials.  

The results suggested that participants were making more effort to determine that the 

target was absent than correctly reporting the presence of the target. 

 

 Study Two involved s second feature search for orientation. The targets were bars angled 

at 10% from the vertical in a display of vertical bars. Findings were consistent with Study 

One, failure to report occurring on around 50% of the trials. Again, failure to report was 

accompanied by more fixations on the target than correct report, indicating that 

participants were aware of the target, but were unable to focus attention. 

 

Study Three involved a search for higher order properties in terms of shape or form. In this 

case, looking for an oval in a display of circles. The findings supported those of the first two 

studies. Failure to report on around 50% of the trials, with a failure to report being 

accompanied by more fixations of the target than correct report. 
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Study four employed a conjunction search, looking for a green circle in a display of yellow 

circles and green squares. While there were less failures to report than the previous studies, 

40% overall findings were the same. Participants were fixating on the target more times 

before deciding it was not there than correct report. 

An illustration of the overall pattern of results across the four studies are illustrated in 

Figure 7.1 This is provided only for the fixation ratio measure and for correct to incorrect 

report, but the same pattern of results were found across all measures.  

 

 

Figure 7.1 Fixation Ratio for the four studies. 

 

Overall findings from the four visual search experiments are summarised below, in terms of 

the failure to report compared to correct report 
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Colour search: More fixations on target and overall. Longer response times but no effect for 

fixation durations. Greater engagement in the Variable and Moveable conditions than the 

Constant condition. 

Orientation search: More fixations on target and overall. No effect for response times or 

fixation durations. Greater engagement in the Variable and Moveable conditions than the 

Constant condition  

Shape search: More fixations on target and overall. Longer response times but no effect for 

fixation durations. Greater engagement in the Variable and Moveable conditions than the 

Constant condition. 

Conjunction: More fixations on target and overall. Longer response times but no effect for 

fixation durations. Greater engagement in the Variable and Moveable conditions than the 

Constant condition. 

While no individual study supported the hypotheses in all measures, cumulatively they are 

taken to provide support to the attention first hypotheses. 

 

As can be seen above, results were consistent across the four studies. The only variation is 

the lack of effect in response times for the orientation search, however, even here the 

means were in the same direction as the other studies. This would indicate that participants 

were taking more time, looking more often before determining that the target was absent 

than to determine that the target is present. That is, while the direct measure, the key press 

indicates lack of awareness of the target, the indirect measures suggest otherwise. This can 

be interpreted in terms of a difference in the form of attention applied to determine the 

presence of the target. Correct report requires less fixations and is determined faster, 

indicating that the decision is based on a covert decision criterion, whereas dependence on 
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overt attention to decide tends to lead to a failure to report. These findings could also 

suggest that direct measures, such as forced choice responses are not a reliable measure of 

awareness, in fact, are measuring attentional processing rather than consciousness. The 

implication being that indirect measures may be a more reliable measure of consciousness 

than direct measures. It is not just the case that we see more than we can report (Sperling, 

1960), we see more than we do report, if we are unsure about what we are seeing.  

 

The results from the four visual search studies were consistent with respect to target 

fixations in that that a failure to report is accompanied by more fixations on the target, than 

a correct report. Participants had to look at the target location more times to determine 

that it was not present than to determine that it was present. The same pattern was found 

for overall fixations and trial duration, which can be seen as an indirect measure of 

awareness. That is, it seems to take more effort to decide that the target was not there, 

than to decide that it was there.  

 

Overall, these findings would be consistent with the interpretation that participants are 

aware of the target, or something that could be the target, but when prevented from 

allocating attention for further discrimination and decision, fail to report its presence 

despite looking at the target more than once. Taken together, these results support the 

consciousness-first, or overflow position, that is, attention is required for discrimination and 

report, but consciousness does not require attention. If awareness of the target was 

dependent on attention, having fixated on a pre-conscious target and failing to detect its 

presence, it would be expected that search would continue with no return to the previous 
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location (Klein, 2000). However, the results would suggest that participants have difficulty 

believing what they see (or do not see, in this case) and experience greater difficulty in 

deciding that the target is not there than deciding that it is there. This would imply that a 

correct report involves a different decision criterion, that is, making a decision by not 

looking directly at the target. Around half of trials, resulted in a correct report, often 

without a single fixation on the target. The explanation for this is that the difference 

between failure to report and correct report reflects the difference between overt and 

covert attention (Posner, 1980). When participants adopt an overt attention strategy, the 

focal attentive process is disrupted, resulting in a failure to report. Covert attention, being 

dependent on peripheral vision, is not accompanied by eye movements and fixation on the 

target, resulting in a correct report. 

In terms of Target Type, results were consistent across all four studies, with more fixations 

on the target in the Moveable than the Changeable condition.  The findings are summarised 

below in terms of the Moveable compared to the Changeable condition   

      

Colour search: More fixations on target and overall. No effect for response times or fixation 

durations  

Orientation search: More fixations on target and overall. No effect for response times 

shorter fixation durations. 

Shape search: More fixations on target but not overall. No effect for response time or 

fixation durations.   

Conjunction search: More fixations on target and overall. No effect for response times 

shorter fixation durations.  
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As can be seen above, results were again consistent across the four studies. All found more 

fixations on the target in the Moveable condition than the Changeable condition. The only 

exception in terms of overall fixations was the shape search, although the means were in 

the same direction as the other three studies. The orientation and conjunction searches 

produced shorter fixation durations in the Moveable than the Changeable condition, but 

this was not repeated in the other two studies. This can be interpreted as the result of 

exogenous attention, the sudden onset of the target at a different location attracting 

attention  to that location (Yantis & Jonides, 1990). The re-appearance of the target after a 

saccade away in the Changeable condition may result in the participant becoming aware of 

once more of the target, but does not have the same involuntary, attention grabbing effect 

and is more likely driven by endogenous, voluntary factors. Alternatively, this difference 

between the Moveable and Changeable condition could be explained by a procedural 

difference in the conditions. In the Changeable condition, the change back to a target is 

made as a saccade is made away, re-fixating on the target can only be made after a fixation 

at another location. In the Moveable condition, the next fixation could be on the target 

which is now at a different location. Conceivably, this could result in a greater number of 

target fixations regardless of which form on attention is operating. However, even in the 

case where participants correctly report the presence of the target, which has been 

attributed to covert attention, there are a greater number of fixations in the Moveable 

condition. This would indicate an involuntary shift of attention to the new location, even if 

a decision has been made to report the presence.  
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The difference between the Changeable and Moveable conditions could therefore be the 

consequence of different attentional processes. In the Moveable condition, as a participant 

makes a saccade toward the target, it moves to another location on the display. While the 

swap is made prior to fixation, the subjective effect at fixation is of a sudden onset of the 

target “popping up” elsewhere, attracting attention to the new location (Yantis & Jonides, 

1996). In the Changeable condition, although the stimulus changes back to the target as the 

participant looks away, it does not have the same onset effect. Search, therefore, in the 

Changeable condition and the first fixation in the Movable condition reflects top down 

(endogenous) goal directed attentional processes, while subsequent fixations in the 

Moveable condition reflects bottom up (exogenous), stimulus driven attentional processes.  

The studies, therefore indicate have two dimensions, overt/covert attention and top-

down/bottom up attention. What is of interest here is the lack of interaction between the 

two dimensions. This interpretation would be consistent with the findings of Hunt and 

Kingstone (2003) , who found that overt and covert attentional processing can be 

dissociated, they are independent processes, the same processes being accessed in both top 

down and bottom up attention.  

It may be that by breaking the assumption that the target is a stable entity, the results 

reflect participants’ uncertainty about their judgement. Having explicitly noticed that the 

target was there, judgement is being affected by the manipulation of the display, 

consequently reporting that the target is not there but a high degree of uncertainty. While 

the current experiments do not include measures of confidence, the increased number of 

fixations and response times accompanying a failure to report, could be taken as an implicit 

measure of this uncertainty and would seem to support this interpretation. However, I 
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would argue that high uncertainty itself implies at least some level of awareness. That is, 

participants are aware of something, but are uncertain about whether it constitutes the 

target, given that when they attempt to look at it, it is not there. This would also suggest 

that correct report implies a higher degree of certainty. This would support the inference, 

that in correct report, participants are relying on covert attention to make the final decision, 

uncertainty arises when attempting to base the decision on overt attention. More explicit 

measures of confidence could be included in further research. 

 

There still remains the possibility that it is covert attention that precedes a subsequent eye 

movement to confirm the target presence, producing a conflict between information gained 

through covert attention and overt attention. This is a possibility, but it has been suggested 

that correct report is guided by covert attention. If a covert attentional selection identifies 

the target, information is already available for report, why follow up with an eye 

movement? This is supported by participants own’ reports, when they became aware of this 

mismatch, many reported they stopped looking at the target directly when making the 

decision. Of course, this does not exclude the possibility that awareness of the target was a 

result of covert attention, driven by unconscious activation or salience maps, it has to be 

acknowledged that the current experiments do not rule this possibility out. The current 

paradigm can only directly disrupt overt attentional processes, in term of eye movements. 

Perhaps the display can be manipulated in combination with EEG measures, detection of 

neural signals that indicate the initiation of a covert shift of attention triggering a change to 

the display. If repeated shits of overt attention still remain, it must be awareness, not covert 

attention guiding the search. While it could still be the case that repeated eye movements 



187 
 

may occur through pre-conscious processes, but as noted above, this would be to deny 

participants own subjective experiences as noted after the experiment. 

 

Horowitz and Wolfe (1998) carried out a series of experiments to test the theories that 

visual search accrues evidence of object identities over time following memory-driven 

search. They tested this with a visual search task, looking to see whether a target letter T 

was present in the display, successive frames being presented interleaved by a mask, with 

the target present in half the trials. Stimuli were presented under two conditions, static and 

random. In the static condition the stimuli remained the same, in the random condition, 

stimulus locations were changed, including the target. 

 

It was found that while participants were slower and less accurate in the random condition 

than the static conditions, they found no difference in search efficiency when varying set 

size. These results were interpreted to mean that visual search has no memory, information 

is not being accrued over successive displays. This would suggest that, in terms of the 

current experiments, when the target is not available on fixation, information on the 

previous status of the target does not guide subsequent search, it is as if the search begins 

again. However, this may be the case for a search in displays being presented sequentially 

but does not rule of the possibility of information being accrued over time within a single 

presentation, in fact Wolfe’s own guided search model would imply this. In the current 

experiments, the entire display remains visible throughout the search task, the only thing 

that changes is the target. 
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However, they conclude that increased reaction times in the random condition, reflect 

participants decreased confidence in their responses, suggesting that this arises from a 

participant believing they have found the target, but it is no longer available for 

confirmation. This in itself would imply some memory of the previous display, but that 

memory does not affect search efficiency. Further, it is not clear whether any participants 

were aware of changing nature of the display.  

 

 

Lleras et al. (2005) used an interrupted search paradigm. Displays remained for 100 ms, 

interrupted by a blank.  Participants searched for a for a red or a blue T in a display of L’s. 

They found that participants identified the target in a single glance on 28% of the trials. 

They found that after an initial delay in initialising the search, the delay disappeared on 

subsequent presentation, referred to as the Rapid Resumption of visual search. 

 

To test the possibility that search was never really interrupted, a second experiment 

involved searching for a T in two, different interleaved searches. In this case participants did 

not know which display contained the target, so needed to search both, the second search 

task would interrupt the first and vice versa. The RR was observed with the reappearance of 

each display, which would indicate some memory of where the previous search through 

that display left off. This could be inferred to suggest that search does accrue information 

across displays, however final experiment, randomly shuffling the locations of the targets 

and distractors found that in this case, the RR was extinguished. The search had to begin 

again. This suggests that memory is only useful when the display remains the same. 

 



189 
 

They argue that, in a single glance at a scene, a hypothesis, containing information about 

the shape of a few display items along with their spatial location the location of the target, 

which requires a second glance to confirm. The reshuffling of the display items requires 

reconnection with a new hypothesis. It is assumed that this hypothesis is generated 

implicitly with explicit awareness of the target only occurring after the hypothesis has been 

confirmed.  

 

This could explain the current findings, however, Van Zoest et al. (2007) investigated the 

role of eye movements in interrupted visual search. To test whether the RR is a 

consequence of memory playing a role in search, or an artefact of the gaze being located 

close to the target when search is resumed. In one experiment a gaze contingent display to 

was used ensure the target appeared close to the gaze location 50% of the time. They found 

that presenting the target at gaze location on the second display did not increase the 

likelihood of rapid resumption, in actually decreased it. This is attributed to the fact that on 

the gaze contingent display, incoming sensory information no longer matches the 

hypothesis formed in the initial glance. The trace of the target at another location initially 

formed is enough to impair identification of the target, even when presented at eye fixation. 

 

This would suggest that explicit awareness of the target does not necessarily entail an 

immediate response, particularly if is unexpected and does not match an already formed 

hypothesis. It could be argued from this that a second glance is not necessarily needed to 

make in implicit hypothesis explicit, but to check that an already explicit representation is, in 

fact, the target. Just to be sure, before responding. 
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They did find, however, that some participants were aware of the gaze contingent nature of 

the display. The assumption is that the perceptual hypothesis is implicit, explicit 

identification of the target only occurs after the perceptual hypothesis is checked against 

the current sensory input, which must therefore also occur implicitly. If this is the case, how 

could any of the participants have become aware of the gaze contingent nature of the 

display. They must have had some explicit representation of the fact that the target was not 

there previously, which would entail some representation of what was there. 

 

I have argued that failure to report the presence of the target in the Variable and Moveable 

conditions, despite repeated fixations of the target and longer response times would 

indicate that participants were aware of the target, but being prevented from allocating 

overt attention, report on around half the trials, that it is not present.  An alternative 

explanation would be that, while participants are not being asked to report change, but 

presence of the target, there is some form of implicit detection of change at the target 

location on fixation and subsequent saccade away from that location. Drawing attention 

back, not because of an explicit comparison, but an implicit comparison. That is the 

direction of eye movements are controlled by pre-conscious processes, the eyes move 

towards the target but without any conscious experience of the target.  In a series of 

experiments using a flicker paradigm, Fernandez-Duque and Thornton (2000) found 

evidence that change detection can occur implicitly, yet still influence behaviour in terms of 

guessing above chance that a change has taken place at a given location. This would equate 

to taking another look in the current experiments. These findings are challenged by Mitroff 

et al. (2002), arguing that experiments purporting to demonstrate implicit change detection 

need to meet strict criteria to eliminate the possibility of explicit contamination at all stages 
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of the change detection process, registration, localisation and identification. Replicating 

previous experiments designed to test implicit change detection, they argue that the 

methodologies fail to rule out explicit contamination at all stages and that evidence for 

implicit change detection could best be explained by explicit comparisons. The current 

series of experiments do not even attempt to meet the strict criteria for implicit change 

detection, in fact part of the rationale was evidence of awareness, in terms of phenomenal 

consciousness, despite a failure to report. Therefore, an explicit awareness of change 

detection is the most likely explanation for behaviour. It was there, now it’s not, now it is 

there again.  

 

It is acknowledged that does not rule out the possibility that explicit awareness itself may 

have arisen from attention, being directed by unconscious processes, that is, that attention 

precedes consciousness. However, neither does it exclude the possibility that attention 

operates on conscious representations in phenomenal consciousness. In either case, it does 

display that failure to report does not necessarily entail a failure of awareness.  

 

It could be argued that the distinction between feature-based search and object-based 

search is a distinction of terminology rather than process (Raffone et al., 2014). Even search 

for specific features tend to be bound to some form. In the case of the current experiments, 

a light red square, rather than a search for some free-floating redness, or search for an 

angled bar, rather than some abstract, search for an angle. The consistency of findings 

across experiments would seem to support this interpretation. The current experiments did 

not manipulate set size, precisely because the goal was to investigate the effects on search 
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for different target types, while keeping all other variables constant. The final experiment 

investigated a conjunction of two previous experimental target types, colour and form, 

further research could extend this to a triple conjunction, colour, form, and orientation. It 

could be argued from this, that the current experiments support the concept that attention 

operates on proto-objects, rather than unbound features.  

The debate over whether consciousness precedes attention or attention precedes 

consciousness seems to hinge on the nature of pre-attentive representations of a scene. 

Theories that propose a set of feature maps, activating some overall Attention or Salience 

map, would imply that attention must precede awareness with awareness of a target 

occurring after the target location had been detected. 

 

The difficulty with feature maps is, what constitutes a basic feature? Colour and orientation, 

certainly, but are there feature maps for shape and form? Given the large number of 

variations in the environment that would seem unlikely. Perhaps more specific components 

of form, such as curves, angles and intersections as suggested by Wolfe (1994). This 

ambiguity about the number and precise characteristics of pre-attentive feature maps 

would suggest, in the spirit of Occam’s razor, that attention operates on pre-attentive 

proto-objects. This does not necessarily mean that such proto-objects form the contents of 

phenomenal consciousness, as suggested by Raffone et al. (2014), but would be a necessary 

condition for the consciousness first position. 
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In fact, the guided search model would suggest that search for conjunctions and triple 

conjunctions would be more efficient than a feature-based search. If individual features that 

correspond with the target contribute to the activation map, the more such features, the 

greater the activation. This has not been found in the current studies; therefore, the proto-

object account would be the more likely explanation. If consciousness precedes attention, 

then there must be some representation of whole objects, in terms of colour, orientation 

and form prior to attention being allocated. Further, that this representation forms the 

content of phenomenal consciousness (Raffone et al., 2014). While attention first models 

can provide some explanation for the current findings an cannot be ruled out, it is 

concluded that the current findings can best be explained by, and provides support for, the 

Theory of Attention and Consciousness (Raffone et al., 2014). 

 

If it was the case that attention precedes consciousness, the selection of targets for focal 

attentive processing must be selected by unconscious or preconscious processes, only as a 

result of the serial search do the products of this processing enter consciousness. The 

assumption here is that it is only the products of this controlled, focal attentive process that 

enters consciousness. There is, however, no obvious reason why this should be the case. 

What is being suggested here is that this distinction is false with reference to consciousness, 

the products of the initial parallel process also enters into consciousness, that is, 

phenomenal consciousness (Block, 1995, 2008;  Lamme, 2003, 2004). The selection of 

potential targets, therefore, is not accomplished by unconscious or preconscious processes, 

but by a conscious decision. A potential target is selected for further, focal attentive 

processing because the participant is conscious of something that could be the target, 
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further processing being required for decision and action (Smithies, 2011). Attention is 

required for report, but a failure to report does not necessarily mean a failure of 

consciousness, consciousness is a necessary, but not sufficient condition for report. That is, 

we do not become conscious of input that has already been selected for attentional 

processing (Velmans, 2009) but we select for attentional processing input that has already 

become conscious.  

 

It could be argued that looking back at the target does not imply consciousness but is a 

consequence of the feature map being “updated” at fixation (Wolfe et al., 1989) , selection 

still occurs at a preconscious level (Dehaene, 2014). In fact, the argument that the change to 

the target enters phenomenal consciousness, would itself imply an updating of the scene at 

fixation. However, in the spirit of Dehaene and Naccache’s (2001) injunction “to take 

seriously introspective phenomenological reports” (p. 3), this would be inconsistent with 

subsequent reports from participants “thought my eyes were playing tricks”, “something was 

there but when I looked it was gone”, “thought it was an optical illusion” being typical 

responses.  

 

Taken together, these finding support those of Li et al. (2002) and Bronfman et al. (2014) in 

that awareness takes place outside of focal attention, consciousness overflows attention. 

These conclusions may seem to be inconsistent with previous research in change blindness, 

where participants fail to notice changes to a scene made during a saccade or between 

successive presentations. However, the current experiments differ in two respects. Firstly, 

participants were not asked directly whether the target has changed, but to determine the 
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presence or absence of the target. Evidence that a change is noticed comes indirectly from 

the pattern of eye movements rather than a response button, and from verbal report, both 

spontaneously, during the course of the experiment and subsequently during debriefing. 

Failure to report in this case resulting, not from lack of awareness of the target, but lack of 

confidence in that knowledge (Timmermans & Cleeremans, 2015). Secondly, the experiment 

by Henderson and Hollingworth (1999) for example, used natural scenes, the target object 

being embedded in a wider context. If the target object, despite being changed, still made 

sense in terms of the context of the scene, participants may have noticed something, but 

were even less confident in that knowledge, particularly as the object was changed at first 

fixation and not changed back to the original during a saccade away. Henderson and 

Hollingworth (1999) did find that detection was improved if the changed object happened 

to be re-fixated, that they do not seem to consider the possibility that the refixation was 

deliberate,  

 

In addition to iconic memory and visual working memory, research has found there exists an 

additional visual memory store termed fragile VSTM (Vandenbroucke et al., 2011). Fragile 

VSTM exists between the iconic and working memory stores, lower capacity but longer 

duration than iconic memory, but higher capacity and shorter duration than VSTM. 

Selection of contents from fragile VSTM (phenomenal consciousness) to VSTM (access 

consciousness) being mediated by attentional processes. A further distinction is that while 

VSTM is sensitive to attentional disruption while fragile VSTM is not. This would seem to be 

consistent with the findings of the current experiments. Participants often expressed 

surprise when the target was not present on fixation. This would imply that they were 
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aware of a mismatch between their current perceptual experience and the experience prior 

to the saccade. That is, the earlier experience was still conscious, but the target was no 

longer accessible.   

 

 

 

 

7.2 Problems with Measuring Consciousness 

 

This raises a methodological problem in depending on report to determine a conscious 

experience, whether through a key press or verbal report. The difficulty is that report can 

rarely, if ever, capture the full quality of a conscious experience. I may report smelling a 

rose; therefore I was conscious of it, but that does not convey the full nature of that 

experience, which may very well be impossible through verbal or any other form of report. 

The purpose of a report is to convey to others (or even oneself through the inner voice) that 

an experience has been had, it is necessarily impoverished in comparison to the actual 

experience. An individual with past experience of the smell of a rose could recall that 

experience from memory, but that would still not have the same quality as the actual 

experience. Even this would not be possible for an individual who has never smelled a rose. 

Would someone who has never experienced the smell of a rose be able to identify that 

smell from a verbal description? It seems unlikely. If someone was walking through a 

garden, they may report a smell they have never experienced before, which may, from a 

third person perspective, be taken to indicate an impoverished or partial experience, but 
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what is really lacking is the means to report in detail the nature of the experience. In order 

to do that, the source of the smell would need to be tracked down and a visual description 

obtained, followed by a google search to identify a match and report a name, “that is a 

rose”. Phenomenal experience can never be fully conveyed by report and no report, 

however detailed, can fully convey that experience to another. The actual experience adds 

something more to the description of an experience (Jackson, 1982). As Koch (2019) puts is 

“A façade of poverty hides the fecundity of lush experience. There is more to experience 

than meets the button “ p 19. This assertion seems to be supported by the current studies. 

 

7.3 How does this relate to access vs phenomenal consciousness? 

 

It is not, therefore, phenomenal consciousness that is impoverished outside of availability 

for report, as non-overflow theorists would claim, but access consciousness that is 

impoverished in relation to phenomenal consciousness.  

Velmans (1991) reviews the evidence for the role played by consciousness in information 

processing. He concludes that, from a third person perspective, consciousness appears to 

play no causal role in the processing of information. Contents only appear in consciousness 

as the end result of, and are accompanied by, focal-attentive processing (however, it may be 

that consciousness overflows attention). This is in contrast to the first-person perspective, in 

which consciousness is experienced as playing a causal role in information processing. He 

concludes that what is lacking from any third person description is the first person, 

subjective experience. These two perspectives are therefore, complementary description 

and mutually exclusive descriptions of the mind (Velmans, 1991). 
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There is a problem here in that cognitive (and neural) processes can be described as a causal 

chain of events, leaving no room for consciousness to enter into and causally influence 

cognitive processing. But from a first person perspective, I certainly seem to exercise some 

level of control, if not over the details of the processing, at least in selecting and choosing 

what information to process, in particular what to direct my attention to (Velmans, 1991). 

.  

Baars (1993) illustrates the relationship between attention and consciousness through 

contrasting verbs, looking (attention) as opposed to seeing (consciousness), listening as 

opposed to hearing. These distinctions would suggest that attention precedes 

consciousness, I have to look before I can see. However, this is not as clear cut as it may at 

first appear. I may be looking at a chair, but what I see is more than the chair, it is also the 

space surrounding the chair and the objects that may be occupying that space (at least that 

would be my subjective experience). In order to describe in detail, the chairs surroundings I 

would have to look at (attend to) the surrounding objects. In other words, consciousness 

(seeing) overflows attention (looking). Baars equates consciousness with accessing the 

identity of what one is looking at, in this respect, he seems to be limiting consciousness to 

Block’s definition of access consciousness (Block, 1995).  

 

We may define a conscious experience as those contents that are reportable, however, in 

practice, in terms of what we can measure, from a third person perspective at least, we are 

necessarily limited to those contents that are reported. We can assume that those contents 
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that are reported are conscious, but it does not necessarily follow that only those contents 

are reportable (Block 2011). Any conscious content is reportable, but only those to which 

focal attention is deployed are reported which is of limited capacity. Hence it would appear 

that consciousness is always accompanied by focal attention (Velmans, 1991). 

 

Koch (2019 )makes a distinction between consciousness and intelligence, with the NCC of 

consciousness being located in toward the back of the brain, in what is termed the posterior 

hot zone, while the NCC of intelligence located toward the front of the brain, such as the 

prefrontal cortex. While others, such as Dehaene would argue that conscious access 

involves these higher order brain regions, there is extensive evidence that this is involved 

with discrimination, action and reporting of experience, rather than conscious experience as 

such. According to Koch (2019), “intelligence is about doing while experience is about being” 

p 141. The same argument would apply to attention. 

 

Myers (2017), argues that the studies that Block and others cite as evidence for phenomenal 

consciousness outside of focal attention can be explained equally plausibly by asserting that 

the stimuli remain unconscious, or in a pre-conscious state until attention is directed toward 

them, bringing them into conscious awareness. When participants in studies such as the 

Sterling experiment report seeing an array of letters, despite being unable to report the 

precise identity of all of them, they are merely reporting the perception of something that 

could be letters. Citing evidence for a more distributed form of attention and arguing from 

feature integration theory, according to Myers (2017) distributed attention registers the 

features contained in the display, but it is only when focal attention is applied that the 
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features are bound together, making the identity of the letter conscious. This would imply 

that focussed attention binds features, but distributed attention does not, although it is not 

clear why this would be the case. This argument saves the no overflow position, in that 

consciousness always requires some form of attention, but implies outside of focal attention 

we just perceive unbound object like features. At what point, as we narrow the spotlight 

from distributed to focussed attention, do these features become bound. Is it a sudden 

transition, or a gradual binding of features?  This does not seem to fit with subjective 

experience. This conclusion is also challenged by the current conjunction search experiment. 

Even when failing to report the presence of the green circle, participants look back at the 

location, several times in some cases, or direct the gaze to the new location. Why do this 

unless they are aware of something that seems like a green circle, that is, the features are 

bound, despite being unable to apply focal attention.  

 

Bronfman et al. (2019) argue that the non-overflow position would require unattended 

items in a scene to be represented consciously in some generic format, with attention 

required to access the specific feature of the items in the scene. This is to accept that there 

is some form of phenomenology outside of attention, but it is indeterminate until attention 

is allocated. They argue that it is difficult to conceive of say, a non-square rectangle, without 

some experience of the orientation of the rectangle, given that orientation is a constituent 

property of such a rectangle. 

 

7.4 Is consciousness functional? 
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The overflow debate seems to be centred on what is, essentially, a philosophical debate 

about the nature of consciousness. Can consciousness be defined/explained in purely 

functional terms? If this is the case, anything that does not play a functional role in carrying 

out current goals and intentions, must necessarily remain non-conscious until attention is 

deployed to potentially conscious contents (Cohen & Dennett, 2011).  However, this 

involves denying the “common-sense” view that we experience more than we can attend to 

(Mole, 2008). Cohen and Dennett’s argument is based on the view that any theory that does 

not explain consciousness in functional terms cannot generate testable hypotheses and is 

therefore outside the realms of science.  This may or may not be the case, but to assert that 

consciousness must be functional and discount any evidence to the contrary places an 

arbitrarily limitation on the study of consciousness. Dennett (1995) refers to consciousness 

as an illusion, or a “bag of tricks”, but this begs the question as to who or what is 

experiencing this illusion, or is the subject of the “tricks”. To maintain this position seems to 

involve denying one’s own experience (Koch, 2019). Consciousness certainly plays a 

functional role, but more than that, “consciousness is experience” (Koch, 2019) p2. What 

could be more fundamental and important than experience? Without experience there is 

nothing to study, nothing to debate. Cognitive psychology may shed light on the processes 

and mechanisms that structure and determine what we experience, but it does not 

necessarily follow that such functional accounts provide a full account of experience, that is, 

conscious experience cannot be reduced purely to function, it just is (Chalmers, 1995).  

 

Chalmers (1995) makes a distinction between awareness and consciousness. Awareness 

being the cognitive or functional aspect of consciousness, such as the awareness of an 
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object I am currently attending to, consciousness refers the fact that this functional aspect is 

accompanied by experience (Similar to Block’s distinction between access and phenomenal 

consciousness). Cognitive processes may be described in functional terms and the 

mechanisms by which that function is carried out determined, but this does not explain why 

that function should be accompanied by experience. We could develop a model of cognitive 

functions, that would operate without any accompanying awareness. That is not to say 

experience has no function, but there is no one cognitive function, the explanation of which 

would also explain experience.  

 

While experience may arise from physical processes, it cannot be explained by physical 

processes, Chalmers (1995) therefore proposes a non-reductive theory of consciousness. 

Experience should be taken as fundamental, not reducible to something more basic, in the 

same way that space-time or mass are fundamental, irreducible to something simpler, 

referring to this as naturalistic dualism. He proposes several principles that relate 

experience and awareness, one being structural coherence. Wherever there is an 

experience, there is a corresponding awareness in the cognitive system, making it 

potentially available for global access, behavioural control and report. Wherever 

information is available for report and control, there is experience (Chalmers, 1995).  

In terms of the current experiments, the initial display is processed by the visual system, 

giving rise to an experience and corresponding awareness. One component of that 

awareness is an object which appears to match the representation of the target currently 

held in working memory, a light red patch, angled bar, oval or green circle, making it 

potentially globally accessible and available for report. Attention is deployed to verify the 
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match. During a saccade, awareness shuts down, but the experience still lingers. At fixation, 

the target is not present and no longer the subject of awareness, there is a temporary 

mismatch, or lack or coherence, between experience and awareness. In the case of the 

moveable condition there is an awareness and corresponding experience of the target at a 

different location. Where participants depend on overt attention to verify the presence of 

the target, there is a tendency to fail to report, despite looking back, or at the new location. 

The conflict between awareness and experience is resolved by doubting the experience, 

participants are aware that the target was present, but have low confidence in that 

knowledge (Timmermans & Cleeremans, 2015). In cases where the experience is trusted, so 

to speak, the conflict is resolved by deploying covert attention, correct report involves 

maintaining the coherence between awareness and experience. 

 

Iwasaki (1993), arguing from the results of visual attention visual attention studies, proposes 

the existence of two forms of consciousness. Background consciousness, which is based on 

iconic memory, independent of attention, short lived and subject to rapid forgetting if 

attention is directed elsewhere and object consciousness, referring to the contents of visual 

working memory and dependent on attention.  Iwasaki acknowledges that the conclusions 

are based spatial attention, that feature based attention may be an alternative explanation 

to some of the results. The current studies, however, searching for objects based on the 

properties of specific features, also support these conclusions and would also concur with 

Iwasaki in that key presses are possibly not the best way to measure consciousness. 

According to Iwasaki (1993), “Actually, ground comes first, to support and guide the focal 

attention system for the creation of object consciousness” p 229. 
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I can be looking at a visual scene and consciously decide what aspects of the scene I wish to 

focus attention on. I may choose a specific tree, watch it move with the wind and listen to 

the wind blowing through its leaves. I may choose to focus on a specific branch, then a 

specific group of leaves on that branch, then arbitrarily switch to another set of leaves, 

branch or a different tree. When focussing on a specific leaf, or group of leaves, I do not lose 

awareness of the tree, it is still there, in background consciousness, neither do I lose sight of 

the wood for the tree. Here I am not becoming conscious of what has already been selected 

for attentive processing but selecting certain aspects of that which I am conscious for 

attentive processing, that is, selecting which contents of consciousness to enhance. 

Therefore, consciousness precedes, or overflows, attention. Iwasakies distinction between 

background consciousness and object consciousness, Blocks distinction between 

phenomenal and access consciousness and Chalmers distinction between awareness and 

experience all seem to be different ways of expressing the same concept. 

 

Koch (2019) argues that Integrated Information Theory (ITT) uses the term information in a 

difference sense from that implied by Shannon’s information theory, in which information is 

embedded within some wider context, and distinct from the sense that information is used 

in cognitive psychology. IIT describes information as the intrinsic causal properties of a 

system, the degree to which it exists in and for itself. A computer simulation may accurately 

model intelligence, in that it is functionally equivalent system may produce the same 

outputs, but the internal structure of the computer system can always be reduced to its 

component parts, with zero integrated information. If experience is integrated information, 

the simulation has no experience.  
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While IIT may provide a means to explain experiences, even differentiate between systems 

which are capable of experience and those that are not, does that explain why an 

experiencing system is conscious. There is no doubt there is a close link between them, 

being conscious is having experiences, having an experience, by definition, means to be 

conscious of that experience, but there is something over and above the experience itself. 

My current experience is a whole, and distinct from my experience a few moments ago. It 

may be broadly similar, I am sitting in the same room, but there are now sounds outside the 

room that were not there moments ago. According to ITT the current experience is 

differentiated from the previous one and is an integrated whole. However, I am aware that 

my experience has changed and how it has changed, even anticipate or plan future 

experiences, such as getting a cup of coffee after finishing this paragraph. That is, I am not 

just conscious of individual integrated, differentiated experiences, but an everchanging 

sequence of such experiences. Perhaps Koch’s definition of consciousness could be modified 

as “consciousness is that which experiences”. 

 

Relating to the results of the visual search experiments, participants have an experience of a 

screen, consisting of several items related to the features of an intended target, colour, 

orientation, shape or a combination of shape and colour. Within this experience is an item 

that seems to match the features of intended target. This experience is integrated yet 

differentiated from any previous experience. When making a saccade and fixation on the 

location of the target, it I not there, or in the case of the Moveable target, at another 

location. This is an integrated experience, yet differentiated from the previous experience, 
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however, it is not what was expected. In terms of determining whether the target is present 

or not, which is the “true” experience, the previous one in which the target is present or the 

current one in which it is not, or is at a different location? Participants must, therefore, 

compare their current experience with the previous one and determine which provides the 

answer to the question, is the target present? 

 

One argument against Block (1995) distinction between phenomenal and access 

consciousness, is that it implies two kinds of consciousness, but perhaps this is the wrong 

way of phrasing it. Phenomenal and access consciousness are different forms of 

consciousness, in the sense that liquid and ice are two forms of water. While you can have 

water without ice, you cannot have ice without water. Similarly, you can have phenomenal 

consciousness without access consciousness, but you cannot have access consciousness 

without phenomenal consciousness. Phenomenal consciousness is the base on which access 

consciousness draws its contents. This is not to say that you are not aware of having an 

experience until it is accessed, experience and awareness of that experience is still there, it 

is just not “crystallised” into a form that enables report. To stretch the water, ice analogy 

somewhat, it is attention that “freezes” parts of the ever-flowing stream of phenomenal 

awareness sufficiently long enough to enable report. 

 

 This does, however, raise a methodological problem with basing arguments for overflow on 

subjective report, in that report implies cognitive access. For this reason Richards (2015) 

argues that direct measures, such as subjective report, employed by Bronfman et al. (2014) 

cannot be used to settle the overflow debate. Indirect measures of conscious experience are 
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required. This may be so, however, the question is whether an experience is cognitively 

accessible and therefore reportable, at the time of the experience, when focal attention is 

engaged on some central task (Bronfman et al., 2019). It may be, that subsequent probing 

can shift attention to other aspects of the experience, while still available in visual short-

term memory, for subsequent report. The position that such content must have remained 

unconscious until attention is paid for report is to deny not just test participants subjective 

experience, but everyday experience (Koch, 2019). 

 

Mole (2008) argues that, while attention is sometimes necessary for consciousness, it does 

not follow that attention is always necessary for consciousness. We can be conscious 

without attention, but attention is necessary to form a conceptually structured 

representation about the thing of which we are conscious and therefore able to report. The 

difficulty in ruling out the proposal that attention is always necessary for consciousness is in 

the operational definition of these concepts. We can only probe consciousness by what is 

reported, we can only probe attention by what is reported (Mole, 2008). 

 

It is not being claimed that the current series of experiments resolves this issue, since all 

require some form of report, by means of a key press. However, other measures can be 

interpreted as evidence of awareness of the target despite reporting that it is not present. 

That is, a failure to report does not necessarily entail a failure of consciousness.  It is being 

claimed, however that the present studies provide an answer to the problem described by 

Mole (2008) 
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So long as we continue to operationalize attention and consciousness in the usual 

ways we will remain unable to adjudicate experimentally between the hypothesis 

that (1) unattended items are consciously experienced but are not epistemically 

useful until they have been ‘brought into the space of reasons’ by the (attention-

involving) deployment of demonstrative concepts and (2) the hypothesis that 

unattended items are, ipso facto, not consciously experienced ones. (p 97)  

It is suggested that the present studies provide evidence in support of hypothesis (1) 

 

 

7.5 Limitations 

 

The four visual search experiments used objective measures of awareness, a direct measure 

in the form of a forced choice response, was the target present or absent, and an indirect 

measure in the form of eye movements. Subject experience in the form of verbal report was 

not formally recorded. Verbal report was noted by the researcher, during the course of the 

experiment, in the form of expression of surprise, even frustration and often a question “is 

something changing”? (to which they received no reply). During debriefing participants 

expressed awareness that something “odd” was going on, even relief in some cases when 

told that the program was changing the target when they tried to look at it, that it was not 

their mind “playing tricks” on them. Perhaps some more systematic means of evaluating  

participants subjective experience, what strategy did they use to determine the presence of 

the target, why did they select target absent despite looking at it several times and how 

confident were they in the decisions they were making. This may help to provide further 
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supporting evidence for the interpretation of the findings, overt and covert attention 

determining correct or incorrect identification of the target and strengthen the conclusions. 

The differences in results accompanying a fail to report, compared to correct report has 

been attributed to the distinction between overt and covert attentional strategies. The 

current analyses do not determine whether participants change strategies during the course 

of the experiment. It may be the case that having realised that there seem to be a 

discrepancy between what they think they see and what they actually see when attempting 

to look directly at the target, participants switch to a covert decision criterion. Alternatively, 

it may be that the strategy used is determined more by individual differences between 

participants, these possibilities could be investigated further. 

 

7.6 Further Research and Future Directions 

 

It has been suggested that participants failure to report despite repeated fixations on the 

target reflect a low level of confidence in their decision. A confidence rating could be taken 

after each trial, this would enable comparisons between the correct report and incorrect 

report situations. 

 

The interpretation that a correct report is associated with covert attention is more an 

inference from behaviour, in the sense of the most likely explanation. It also raises the 

problem that awareness of the target arises as a result of covert attention, as the attention 

first models would suggest. The current paradigm is unable to measure covert attention we 

are only directly able to measure overt attention. Further research could use EEG 
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recordings, to measure the correlates of awareness and attention in conjunction with the 

behavioural data. This would help determine whether the interpretations regarding 

overt/covert attention are supported. This raises another possibility, while it is not possible 

to track where covert attention is being allocated, it would be possible to manipulate the 

display when the signatures of covert attention are detected, preventing participants from 

allocating covert attention to the target. If the same pattern of eye movements is observed, 

repeated fixations on the target accompanied by a failure to report, this would be further 

evidence of awareness of the target, with a failure to report being a failure of attention 

rather than awareness. In this case, few, if any, correct reports would be expected. 

EEG would also confirm whether the interpretations regarding endogenous and exogenous 

attention are supported by direct measures. 

 

The current task requires that participants respond to the presence or absence of a target. 

The nature of the task could be changed to instruct participants to respond to a change. 

Change detection paradigms tend to require participants to respond to a change in 

successively presented displays. This does not really reflect a real world situation, we tend 

to notice or look for changes in a continuous scene. Two possibilities could be tested. 

Changing an element of the scene and measure whether this triggers a fixation on the 

changed location, or changing an object when an attempted fixation is made.  In 

conjunction with EEG measures, as above to further help resolve the ambiguities about the 

relationships between overt/covert attention and awareness. 
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Much of the research in cognitive psychology involves presenting participants with some 

stimuli on a computer screen and instructing participants to respond under different 

condition. Even in visual search experiments, stimuli are presented as two-dimensional 

images. While this enables us to investigate basic process such as the effects of varying basic 

features such as colour, orientation, shape and conjunction of features in carefully 

controlled experiments, it is not truly representative of the three-dimensional world in 

which we live. While we may be attending to two dimensional surfaces when reading, or 

watching a movie, typically, in everyday life are attending to, and searching for, objects 

located in three-dimensional space. Even the book or tv screen I may be attending to is 

perceived as located “out there” in three-dimensional space. Even experiments that have 

investigated visual search for real world objects in, for example, an office, make use of two-

dimensional images. But an office is not two dimensional, the objects in an office are 

located in three-dimensional space. Perhaps much the research into attention is telling us 

more about how we attend to and search pictures or moving images, rather than real-world 

three-dimensional objects.  

 

Virtual environments are now the subject of research in understanding our sense of self and 

conscious perception (Seth, 2018) and the effects of enhanced attentional processing in a 

3D environment compared to a 2D display (Li et al., 2020). The current paradigm can be 

extended to VR environments to investigate the relationship between consciousness and 

attention under environmental conditions more closely related to the spatial configuration 

of the real world than two dimensional displays. 
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7.7 Conclusions 

 

The current series of studies were carried out to investigate the relationship between 

consciousness and attention, with the aim of making a contribution to the overflow debate. 

Previous studies claiming to provide evidence that consciousness overflows attention have 

relied on participants indicating an awareness of a stimulus outside focal attention, or 

between successive presentations of stimulus when attention has been disrupted in some 

way, or in briefly presented displays, preventing sufficient time for attentional processing to 

take place. In such studies, failure to report is taken to indicate that the stimulus was not 

consciously perceived, correct report indicating awareness. However, even the overflow 

position requires report and report requires attention, this leaves an open door for the no 

overflow advocates to question the interpretations and argue that consciousness always 

requires attention. That is, such studies investigate the effects of attention on awareness. 

The studies described in this thesis take a different approach in that they investigate the 

effects of awareness on attention. The visual search experiments attempting to address this 

issue, by disrupting attentional processing, while showing that eye movements indicated the 

awareness of the target. This was found to be the case, in all four experiments. The direct 

measure, in terms of pressing a button often suggested participants were not aware of the 

target while indirect measures in terms of eye movements, fixations and reaction times 

suggested awareness of the target.  

 

One implication of this is that direct measures may not be the most reliable measure of 

awareness, since they conflate attentional processing with consciousness, indirect measures 

may be more appropriate as a measure of awareness outside the focus of attention. In the 
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binocular rivalry experiments, attention to a conscious experience enhanced the duration of 

that experience, but it is difficult to see how that experience initially arose as the results of 

attentional processing. 

 

While not claiming to have settled the debate, I would argue that, taken together, the 

studies described in this thesis provide additional evidence for the overflow position. That 

is, consciousness overflows attention. 
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 Appendices 

 

9.1 Appendix 1 – Uncorrected Data For All Studies 

 

Uncorrected Data – Study 1 

For mean fixations on the target, there was a significant main effect for Accuracy F(1, 26.36) 

= 7.32, p = .012. Failure to report was accompanied by more fixations on the target (M = 

1.66, SE = .09) than for correct report (M = 1.09, SE = .10). 

Further, there was a significant main effect for Target Type, more fixations on the target 

occurred in the Moveable condition (M = 1.55, SE = .01) than the Variable condition (M = 

1.16, SE = .09), F(1, 30.75) = 10.03, p < .001. There was no significant interaction. A 

breakdown of target fixations by condition can be seen in Figure 3.5. 

 

Analysis of total number of fixations also showed a significant main effect for Accuracy. A 

failure to report was accompanied by more fixations overall (M = 7.13, SE = .18 ) than 

correct report (M = 4.54, SE = .21),  F(1, 25.63) = 22.32, p < .001. 

There was a significant main effect for Target Type, more fixations occurred in the Moveable 

(M = 6.02, SE = .10) than the Variable condition (M = 5.53, SE = 119), F(1, 41.34) = .5.05, p = 

.03. There was no significant interaction.  

 

Analysis of response times showed that a failure to report took significantly longer (M 

=3444ms, SE = 83.56) than a correct report (M = 2000ms, SE = 97.53),  F(1, 23.58), p = .001. 
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There was, however, no significant difference in response times for Target Type F(1, 40.12) = 

.89, p = .09. See figure 4. 

 

Analysis of fixation times showed no difference either for report accuracy or Target Type, 

the mean fixation time however, of 373.02ms was consistent with typical fixation times in a 

visual search. 

 

Uncorrected Data – Study 2 

Further analyses were conducted to compare failure to report with correct report on a 

number of measures, fixations on the target, total number of fixations, mean fixation time 

and mean response time. 

For mean fixations on the target, although failure to report was accompanied by more 

fixations on the target location (M = 2.28, SE = .13) than for correct report (M = 1.82, SE = 

.12) there was no significant main effect for accuracy (F(1, 35.28) = .47, p = .49). However, 

there was a significant main effect for Target Type ), (F(1, 42.07) = 10.14, p = .003), more 

fixations on the target location occurred in the Moveable condition (M = 2.35, SE = .13) than 

the Variable condition (M = 1.76, SE = .13). There was no significant interaction.  

 

Analysis of total number of fixations showed that for Accuracy, a failure to report was 

accompanied by more fixations overall (M = 6.72, SE = .21 ) than correct report (M = 

5.05.54, SE = .19). However, this was not significant,  F(1, 33.38) = 2.90, p = .10. 
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However, there was a significant main effect for Target Type, F(1, 40.53) = 5.36, p = .03 

More fixations occurred in the Moveable (M = 6.18, SE = .20) than the Variable condition (M 

= 5.59, SE = 20). There was no significant interaction.  

 

Analysis of response times showed a main effect for Accuracy a failure to report took longer 

(M =3237.79ms, SE = 155.24) than a correct report (M = 2571.93ms, SE = 141.68). However, 

this difference was not significant F(1, 32.98 ) = .51, p = .48. 

 

Analysis of fixation times showed that fixation time was significantly longer for a Variable 

target (M =459.91ms, SE = 18.48) than a Moveable target (M =400.98ms, SE = 18.40), F(1, 

47.54 ) = 7.73, p = .008. There was no significant effect for Accuracy and no significant 

interaction. Similarly, was, no significant difference in response times for Target Type F(1, 

31.55) = .01, p = .93. There was, however, a significant interaction F(1, 15.64) = 4.78, p = .04.  

 

Uncorrected Data for Study 3 

Further analyses were conducted to compare failure to report with correct report on several 

measures, fixations on the target, total number of fixations, mean fixation time and mean 

Reaction Time. 

 

For mean fixations on the target, although failure to report was accompanied by more 

fixations on the target location (M = 1.96, SE = .16) than for correct report (M = 1.65, SE = 



227 
 

.14) there was no significant main effect for accuracy (F(1, 28.66) = .76, p = .42). However, 

there was a significant main effect for Target Type ), (F(1, 35.50) = 5.56, p = .02), more 

fixations on the target location occurred in the Moveable condition (M = 2.10, SE = .15) than 

the Variable condition (M = 1.50, SE = .15). There was no significant interaction.  

 

Analysis of total number of fixations showed a significant main effect for accuracy,  F(1, 

27.26) = 13.60, p = .001, a failure to report was accompanied by more fixations overall (M = 

9.47, SE = .31 ) than correct report (M = 6.57.54, SE = .28).  

 

However, while more fixations occurred in the Moveable (M = 8.14, SE = .29) than the 

Variable condition (M = 7.75, SE = .30).there was no significant main effect for Target Type, 

F(1, 40.53) = .33, p = .57. There was no significant interaction.  

 

Analysis of Reaction Times showed a significant main effect for accuracy F(1, 27.69) = 5.48, p 

= .03. Failure to report took longer (M = 3743.03ms, SE = 165.18) than a correct report (M = 

2644.93ms, SE = 148.73)  

 

However, there was no significant difference in Reaction Times for Target Type F(1, 42.39) = 

.87, p = .36. There was, however, a significant interaction F(1, 14.06 ) = 2.82, p = .05.  
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Analysis of fixation times showed no significant difference either for Accuracy or Target 

Type and no significant interaction.  

Uncorrected Data for Study 4 

Despite the difference in percentages, the number of fixations on the target in the three 

conditions, the number of target fixations accompanied by a failure to report were analysed.  

For mean fixations on the target, There was a significant effect for Target Type  (F(2, 71.00) 

= 7.88, p = .001), both experimental conditions produced a higher number of fixations on 

the than the Constant condition. 

 

For correct report, There was significant effect for Target Type  (F(2, 74.38) = , p < .001). 

There were more fixations on the target location location in the Variable and Moveable 

condition than the Constant condition. 

Further analyses were conducted to compare failure to report with correct report on a 

number of measures, fixations on the target, total number of fixations, mean fixation time 

and mean Reaction Time. 

 

For mean fixations on the target, there was a just significant main effect for accuracy F( 1, 

30.66 ) = 4.12, p = .05.  A failure to report was accompanied by more fixations on the target 

location location (M = 2.02, SE = .16) than for correct report (M = 1.64, SE = .11)  
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There was a significant main effect for Target Type F(1, 35.28) = .47, p = .49), more fixations 

on the target location occurred in the Moveable condition (M = 2.012, SE = .13) than the 

Variable condition (M = 1.61, SE = .13) . There was no significant interaction. 

 

Analysis of total number of fixations showed a significant main effect for Accuracy , F(1, 

28.44 ) = 15.99, p < .001, a failure to report was accompanied by more fixations overall (M = 

8.38, SE = .29 ) than correct report (M = 6.12, SE = .20).  

 

There was also a significant main effect for Target Type, F(1, 49.21) = 10.53, p = .002 More 

fixations occurred in the Moveable (M = 7.44, SE = .25) than the Variable condition (M = 

6.85, SE = 24). There was no significant interaction.  

 

Analysis of Reaction Times showed a significant effect for Accuracy F( 1, 27.99 ) = 11.87, p = 

.002. Failure to report took longer (M =3942.88 ms, SE = 154.46) than a correct report (M = 

2788.48ms, SE = 102.66).  

 

There was, however, no significant difference in Reaction Times for Target Type F(1, 31.55) = 

.01, p = .93. and no significant interaction. 
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Analysis of fixation times showed that fixation time was significantly longer for a Variable 

target (M = 405.42ms, SE = 13.35) than a Moveable target (M =353.48ms, SE = 13.98), F( 1, 

59.44 ) = 7.00, p = .01  

 

There was also a significant effect for Accuracy F( 1, 33.41 ) = 5.55, p = .03. Fixation time for 

a Failure to report were longer (M = 410.88ms, SE = 16.66) than a correct report (M = 

355.09ms, SE = 11.07). There was no significant interaction. 
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9.2 Appendix 2 – Participant Consent Forms 

 

 

 

Consent Form for Study One 

 

Participant consent form 

 

You are being asked to participate in an experiment as a part of research being carried out in the 

Psychology Department at the University of Bedfordshire, investigating visual attention in a search 

task. The researcher is Mick Baldwin (under the supervision of Dr Ian Robertson and Dr Chris Hand), 

my email address, mick.baldwin@beds.ac.uk. 

 

The experiment involves searching for a target stimulus among a number of distracters and 

responding whether the target is present or absent. The stimuli will consist of colour patches. If you 

have any visual problems that may affect your ability to complete this task, please speak to the 

researcher before continuing. 

 

This experiment typically takes no longer than five minutes to complete and you will be debriefed 

after. If you wish to know the final results of the study, once completed, please contact the 

researcher at the email address above. 

 

The only personal information that will be recorded will be your age and gender, together with a 

record of your responses. 

 

By signing this form, you are agreeing to the following. 

 

• I have been informed about the research and why it is taking place 

• I understand that my participation in this research is voluntary 

• I understand that I can withdraw from the research at any time without giving a reason 

• I understand that my data will be anonymous 

• I understand that I will be provided with a debrief and opportunity to give feedback after 
taking part in this experiment 

 

 

mailto:mick.baldwin@beds.ac.uk
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Thank you for your participation. 

 

Name______________________________________________ 

 

Signature___________________________________________ 

 

 

Date ______________________________________________ 

 

 

Age:______ 

 

Gender: Male / Female 

 

E-mail______________________________________________ 

 

 

 

 

 

Consent Form for Study Two 

 

Participant consent form 

 

You are being asked to participate in an experiment as a part of research being carried out in the 

Psychology Department at the University of Bedfordshire, investigating visual attention in a search 

task. The researcher is Mick Baldwin (under the supervision of Dr Ian Robertson and Dr Chris Hand), 

my email address, mick.baldwin@beds.ac.uk. 

 

The experiment involves searching for a target stimulus among a number of distracters and 

responding whether the target is present or absent. The stimuli will consist of vertical or angled bars. 

mailto:mick.baldwin@beds.ac.uk
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If you have any visual problems that may affect your ability to complete this task, please speak to 

the researcher before continuing. 

 

This experiment typically takes no longer than five minutes to complete and you will be debriefed 

after. If you wish to know the final results of the study, once completed, please contact the 

researcher at the email address above. 

 

The only personal information that will be recorded will be your age and gender, together with a 

record of your responses. 

 

By signing this form, you are agreeing to the following. 

 

• I have been informed about the research and why it is taking place 

• I understand that my participation in this research is voluntary 

• I understand that I can withdraw from the research at any time without giving a reason 

• I understand that my data will be anonymous 

• I understand that I will be provided with a debrief and opportunity to give feedback after 
taking part in this experiment 

 

 

Thank you for your participation. 

 

Name______________________________________________ 

 

Signature___________________________________________ 

 

 

Date ______________________________________________ 

 

 

Age:______ 

 

Gender: Male / Female 

 

E-mail______________________________________________ 
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Consent Form for Study Three 

 

 

Participant consent form 

 

You are being asked to participate in an experiment as a part of research being carried out in the 

Psychology Department at the University of Bedfordshire, investigating visual attention in a search 

task. The researcher is Mick Baldwin (under the supervision of Dr Ian Robertson and Dr Melanie 

Pitchford), my email address, mick.baldwin@beds.ac.uk. 

 

The experiment involves searching for a target stimulus among a number of distracters and 

responding whether the target is present or absent. The stimuli will consist of circles, ovals and 

squares. If you have any visual problems that may affect your ability to complete this task, please 

speak to the researcher before continuing. 

 

This experiment typically takes no longer than five minutes to complete and you will be debriefed 

after. If you wish to know the final results of the study, once completed, please contact the 

researcher at the email address above. 

 

The only personal information that will be recorded will be your age and gender, together with a 

record of your responses. 

 

By signing this form, you are agreeing to the following. 

 

• I have been informed about the research and why it is taking place 

• I understand that my participation in this research is voluntary 

• I understand that I can withdraw from the research at any time without giving a reason 

• I understand that my data will be anonymous 

• I understand that I will be provided with a debrief and opportunity to give feedback after 
taking part in this experiment 

 

 

Thank you for your participation. 

 

mailto:mick.baldwin@beds.ac.uk
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Name______________________________________________ 

 

Signature___________________________________________ 

 

 

Date ______________________________________________ 

 

 

Age:______ 

 

Gender: Male / Female 

 

E-mail______________________________________________ 

 

 

 

Consent Form for Study Four 

 

Participant consent form 

 

You are being asked to participate in an experiment as a part of research being carried out in the 

Psychology Department at the University of Bedfordshire, investigating visual attention in a search 

task. The researcher is Mick Baldwin (under the supervision of Dr Ian Robertson and Dr Melanie 

Pitchford), my email address, mick.baldwin@beds.ac.uk. 

 

The experiment involves searching for a target stimulus among a number of distracters and 

responding whether the target is present or absent. The stimuli will consist of colour circles and 

squares. If you have any visual problems that may affect your ability to complete this task, please 

speak to the researcher before continuing. 

 

This experiment typically takes no longer than five minutes to complete and you will be debriefed 

after. If you wish to know the final results of the study, once completed, please contact the 

researcher at the email address above. 

mailto:mick.baldwin@beds.ac.uk
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The only personal information that will be recorded will be your age and gender, together with a 

record of your responses. 

 

By signing this form, you are agreeing to the following. 

 

• I have been informed about the research and why it is taking place 

• I understand that my participation in this research is voluntary 

• I understand that I can withdraw from the research at any time without giving a reason 

• I understand that my data will be anonymous 

• I understand that I will be provided with a debrief and opportunity to give feedback after 
taking part in this experiment 

 

 

Thank you for your participation. 

 

Name______________________________________________ 

 

Signature___________________________________________ 

 

 

Date ______________________________________________ 

 

 

Age:______ 

 

Gender: Male / Female 

 

E-mail______________________________________________ 
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Consent Form for Study Five 

 

 

Participant consent form 

 

You are being asked to participate in an experiment as a part of research being carried out in the 

Psychology Department at the University of Bedfordshire, investigating visual attention in a search 

task. The researcher is Mick Baldwin (under the supervision of Dr Ian Robertson and Dr Melanie 

Pitchford), my email address, mick.baldwin@beds.ac.uk. 

 

The experiment involves wearing the Oculus Rift VR headset and responding to the presence of a 

target stimulus in the display. The stimuli will consist of a grid angled diagonally to the left, right or a 

superposition of the two (a lattice). If you have any visual problems that may affect your ability to 

complete this task, please speak to the researcher before continuing. 

 

This experiment typically takes no longer than five minutes to complete and you will be debriefed 

after. If you wish to know the final results of the study, once completed, please contact the 

researcher at the email address above. 

 

The only personal information that will be recorded will be your age and gender, together with a 

record of your responses. 

 

By signing this form, you are agreeing to the following. 

 

• I have been informed about the research and why it is taking place 

• I understand that my participation in this research is voluntary 

• I understand that I can withdraw from the research at any time without giving a reason 

• I understand that my data will be anonymous 

• I understand that I will be provided with a debrief and opportunity to give feedback after 
taking part in this experiment 

 

 

Thank you for your participation. 

mailto:mick.baldwin@beds.ac.uk
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Name______________________________________________ 

 

Signature___________________________________________ 

 

 

Date ______________________________________________ 

 

 

Age:______ 

 

Gender: Male / Female 

 

E-mail______________________________________________ 

 

 

 

 

 

 

9.3 Appendix 3 - Ethics Forms 
 

 

UNIVERSITY OF BEDFORDSHIRE 

 

Research Ethics Scrutiny (Annex to RS1 form) 

 

SECTION A To be completed by the candidate 

 

Registration No:  92023564 

 

Candidate: Michael Baldwin     
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Research Institute: RCAP 

 

Research Topic: The relationship between consciousness and attention 

 

External Funding:  NA 

 

The candidate is required to summarise in the box below the ethical issues involved in the research 

proposal and how they will be addressed. In any proposal involving human participants the following 

should be provided: 

 

• clear explanation of how informed consent will be obtained,  

• how will confidentiality and anonymity be observed,  

• how will the nature of the research, its purpose and the means of dissemination of the 
outcomes be communicated to participants, 

• how personal data will be stored and secured 

• if participants are being placed under any form of stress (physical or mental)  identify what 
steps are being taken to minimise risk 

 

If protocols are being used that have already received University Research Ethics Committee (UREC) 

ethical approval then please specify. Roles of any collaborating institutions should be clearly 

identified. Reference should be made to the appropriate professional body code of practice. 

 

 

 

There are no particular ethical issues relating to this study. 

Participants will be requested to sign a consent form informing them that participation is 

voluntary, they have the right to withdraw at any time and data will be held in an 

anonymous format. 

 

Participants to be fully debriefed after the experiment. 

 

Signed consent forms will be stored in a secure cabinet within the Psychology 

Department. 

 

The only demographic information to be kept electronically will be gender and age, 

together with response times, correct responses and eye tracking data, which will be 

kept in a secure file on the researcher’s machine within the department. 
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Answer the following question by deleting as appropriate: 

 

1. Does the study involve vulnerable participants or those unable to give informed consent (e.g. 
children, people with learning disabilities, your own students)?    
 No 

 

2. Will the study require permission of a gatekeeper for access to participants (e.g. schools, self-
help groups, residential homes)?       
  No 

 

3. Will it be necessary for participants to be involved without consent (e.g. covert observation in 
non-public places)?         
 No 

 

4. Will the study involve sensitive topics (e.g. sexual activity, substance abuse)?  
   No 

 

5. Will blood or tissue samples be taken from participants?     
   No 

 

6. Will the research involve intrusive interventions (e.g. drugs, hypnosis, physical exercise)? 
  No 

 

7. Will financial or other inducements be offered to participants (except reasonable expenses)?
   No 

 

8. Will the research investigate any aspect of illegal activity?  
No 

 

9. Will participants be stressed beyond what is normal for them? 
No   

                                                               

10. Will the study involve participants from the NHS (e.g. patients or staff)?   
   No 

 

If you have answered yes to any of the above questions or if you consider that there are other 

significant ethical issues then details should be included in your summary above. If you have 

answered yes to Question 1 then a clear justification for the importance of the research must be 

provided. 

 

*Please note if the answer to Question 10 is yes then the proposal should be submitted through NHS 

research ethics approval procedures to the appropriate COREC. The UREC should be informed of 

the outcome. 

 

Checklist of documents which should be included: 
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Project proposal (with details of methodology) & source of funding 

 

 

Documentation seeking informed consent (if appropriate) 

 

 

Information sheet for participants (if appropriate) 

 

 

Questionnaire (if appropriate) 

 

 

(Tick as appropriate)
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Signature of Applicant: M. S. Baldwin    Date: 23/01/13 

 

 

Signature of Director of Studies:   Date: 

 

This form together with a copy of the research proposal should be submitted to the Research 

Institute Director for consideration by the Research Institute Ethics Committee/Panel  

 

Note you cannot commence collection of research data until this form has been approved 

 

 

 

SECTION B  To be completed by the Research Institute Ethics Committee: 

 

Comments: 

 

 

 

Approved 

 

Signature Chair of Research Institute Ethics Committee: 

 

                      Date: 

 

This form should then be filed with the RS1 form 

 

 

 

If in the judgement of the committee there are significant ethical issues for which there is not 

agreed practice then further ethical consideration is required before approval can be given and 

the proposal with the committees comments should be forwarded to the secretary of the UREC 

for consideration. 
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There are significant ethical issues which require further guidance 

 

Signature Chair of Research Institute Ethics Committee: 

 

                      Date: 

 

 

This form together with the recommendation and a copy of the research proposal should then be 

submitted to the University Research Ethics Committee 

 

 

 

 

 

 

 

Alfredo Gaitan 

Tue 27/06/2017 11:10 

Dear Mick, 

  

Thank you for your email and for competing the form. I am happy to give ethical clearance to 

the new study. It is clear that this is an extension of the work you have been doing for your 

PhD and the change is simply to use Oculus Rift VR headset, rather than a standard computer 

monitor as a display device, which you had used in a previous study. It is also clear that the 

potential risks of causing discomfort are minimal, and that you are prepared to deal with them 

in an appropriate way, should they arise. 

  

I would like to wish you good luck with the study and also with the PhD. 

  

Best wishes, 
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Alfredo  

  

Dr Alfredo Gaitan PhD, MBPsS, FHEA 

Department of Psychology 

University of Bedfordshire 

Park Square  

Luton LU1 3HU 

  

Phone: 01582 743006 

Profile: http://www.beds.ac.uk/howtoapply/departments/psychology/staff/alfredo-gaitan 

 

 

http://www.beds.ac.uk/howtoapply/departments/psychology/staff/alfredo-gaitan

