The mind-wandering state as a tool for understanding conscious experience
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Abstract
The mind-wandering state illustrates two fundamental aspects of consciousness: its generative nature, which is reflected by the stimulus-independent content of thought that occurs when our minds wander; and metacognition, the unique capacity of the mind to reflect and understand itself. Self-generated thought, which allows us to consider people and events that are not present in the immediate environment, and metacognition, allowing us to introspect and report our inner experiences, are both essential to the scientific study of mind-wandering. Nevertheless, they also inevitably lead to specific issues that mirror more general problems in the field of consciousness research. The generative nature of consciousness makes it difficult to have direct control on the phenomenon, and the act of introspecting on inner experience has the potential to influence the state itself. We illustrate how the field of mind-wandering research can overcome these problems. Its generative nature can be understood by triangulating the objective measures (such as neural function) with subjective measures of experience and it can be manipulated indirectly by varying the demands of the external environment. Furthermore, we describe candidate covert markers for the mind-wandering state, which allow the phenomenon to be observed without direct interference, minimizing the concern that instructions to introspect necessarily change conscious experience.
Conscious experience is one of the most self-evident aspects of the human condition and yet its operation remains a mystery. There are at least two aspects of consciousness that are central to its status as a topic of scientific enquiry and that are also at the core of what makes it an empirically difficult line of investigation: its generative, stimulus-independent nature and its unique capacity to reflect and understand itself, also known as metacognition. The stimulus-independency of consciousness refers to the fact that its continuous stream of content is always active and can often be unrelated to the immediate environment 
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[1-8]
. Metacognition is the capacity of consciousness to introspect its own processing, allowing people to report their inner experiences 
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[9-13]
. Both stimulus independence of conscious experience and its meta-cognitive access are exemplified in the experiences that arise during the mind-wandering state.
Mind-wandering refers to the experience that attention is not always tied to an external task being performed or to stimuli in the present environment, and that instead mental content can be experienced that is generated by the individual 1[]
. The mind-wandering state makes up at least 25-50% of our waking lives 14[, 15]
 and shows similar features across many different cultures (such as a focus on the future) 
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[16-19]
. Mind-wandering has broad implications for the human condition: for example it has been linked to disruption of comprehension of material during reading 
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[20-22]
 and understanding of lectures in an educational context 23[]
, issues in performance of executive control tasks 24[]
, or being associated with unpleasant mood 
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[15, 25-27]
. It has also been suggested to play a role in planning 
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[28-30]
 and creative insight 31[]
. 
Contemporary accounts suggests that at least two different component processes are engaged during the mind-wandering state: a decoupling process, which allows inner experience to be independent from events in the external environment; and a representational process, which provides mental content that is not directly attributable to the events in the here and now 
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[1, 5, 32]
. As the representations upon which we are focused during mind-wandering are different from those related to the stimuli in the moment, these experiences are by definition stimulus independent. Moreover, the gold standard method to assess the mind-wandering state is experience sampling, which in turn depends on our capacity to introspect on our own experiences. Our capacity for meta-cognition is therefore a key element to the mind-wandering state since it is how participants share their experiences with the experimenter. The experience of mind-wandering seems to have a parallel in night dreaming. Both are forms of self-generated thought that require decoupling from the external environment; both depend on mental content that is self-generated based on prior experience.. The two phenomena also seem to rely on overlapping brain areas and networks, so that it has been suggested that dreaming is “an intensified version of mind-wandering” 33[]
. Indeed, the term daydreaming might hold more scientific truth than previously assumed. Meta-cognition and stimulus independent representations are both important in other aspects of research into conscious experience and these are summarized in Figure 1, illustrating the paradigms of resting-state fMRI, continuous flash suppression (CFS), and binocular rivalry.
Challenges of Exploring the Wandering Mind - 1 - Stimulus Independence
Although stimulus independence is a hallmark of consciousness, it is also at the center of key methodological challenges in studying this aspect of the human condition. Since what we are aware of, is not always the same as the stimulus environment in which an experience occurs, the degree of mapping between the input into the system and the emergence of conscious experience can vary significantly across different situations. This is exemplified by the thoughts that occur during mind-wandering, in which external stimuli are only minimally integrated into the content of our thoughts. This independence between the stimulus environment and experience means that controlling or manipulating perception-action contingencies alone cannot isolate the neurocognitive basis of consciousness. This dissociation between input and experience is obvious in the case of the thoughts that arise during the mind-wandering state. It is an explicit assumption of researchers that the mental content that arises during the mind-wandering state is intrinsically driven and that this limits the capacity of the experimenter to directly manipulate the state 1[]
. Researchers can exploit the stimulus-independent nature of the thoughts that occur during the mind wandering state experience to understand this feature of conscious experience. In a similar fashion, a number of paradigms have been developed in other fields, especially in visual awareness research, which aim to zone in on a neural correlate of consciousness (NCC) 34[]
 by exploiting its stimulus-independent nature. In Box 1 we briefly describe some of these paradigms, but see Axelrod et al. 35[]
, and Kim & Blake 36[]
 for more extensive reviews of this area of investigation.
BOX 1 –The Stimulus-Independent Nature of Consciousness in Different Experimental Paradigms
To study consciousness, paradigms are needed that capture its stimulus-independent nature. In the last decade, different paradigms have been developed that explore changes in psychological or neurocognitive processing that are minimally caused by external events.
· Mind-wandering studies explore how conscious attention can be devoted to representations that are independent of stimuli in the environment. Typical paradigms involve asking participants to perform tasks of varying levels of external demands and to use combinations of different types of experience sampling to assess the conditions under which conscious experience has ceased to focus on events in the environment and instead has become directed to mental content that has been self-generated by the participant. By understanding the psychological and neural features of the representations that are not directly caused by environmental stimulation, studies of the mind-wandering state can reveal the neural processes that are associated with stimulus independent conscious states. 
· Resting-state. Advances in cognitive neuroscience have allowed investigation of neurocognitive processes that take place during wakeful rest. Studies of resting-state assess neurocognitive function when participants have no explicit task to do.  Collecting measures of neural function under conditions with no salient environmental input allows the assessment of how the brain organizes itself.
· Masking paradigms provide a simple environment in which to study access to stimulus independent aspects of conscious experience. In a typical study, a target stimulus is briefly flashed for a few milliseconds, and is preceded and/or followed by another stimulus, known as a mask. By varying the presentation time of the target, mask, or the inter-stimulus interval between the two, it is possible to create conditions in which the participant’s ability to report the identity of the stimulus is at chance level. As the physical, objective features (presentation time, size, contrast, etc.) of the stimulus presented are unchanged between unseen and seen trials, it is hypothesized that the differences between the two reflect the neurocognitive basis of conscious experience of perceptual information 37[, 38]
.
· Perceptual rivalry paradigms allow processes involved in shifts in conscious access to be determined. One such paradigm is binocular rivalry in which participants are presented with one image to each eye. Instead of perceiving two superimposed images, subjects usually perceive the images to alternate every few seconds. As with masking paradigms, the physical properties of the two images remain unchanged so neurocognitive changes that are correlated with changes in perception may reflect processes that are important for shifts in the content of consciousness.
· Continuous Flash Suppression (CFS; 39[]
) is a particular paradigm combining aspects of binocular rivalry and masking paradigms, in which images flashed into one eye reliably suppress visual awareness of an image presented to the other eye. CFS has gained incredible traction in consciousness research because it seems to allow participants to be exposed to stimuli that do not reach consciousness for much longer durations than with classical masking or binocular rivalry paradigms, thus improving the exploration of unconscious processes.
Challenges of Studying the Wandering Mind - 2 - Introspection
The stimulus independent aspects of consciousness can be explored by exploiting the second aspect of the experience: the capacity for introspective access to the contents of awareness. The use of self-report to understand the nature of conscious experience has a long history in psychology. It is widely accepted that Wilhelm Wundt was one of the first scientist to adopt the introspective method, which he used to explore the relationship between task stimuli and an individual’s subsequent experience, although he was careful to point out that the method should only be used under carefully controlled conditions 
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[40-42]
. This method was expanded and applied to experimental psychology by, among others, Alfred Binet in France, and Oswald Külpe and Karl Marbe in Germany, and Edward Titchener, who pioneered the use of introspection to understand other mental processes such as memory, thinking or attention 41[]
. Indeed, Wundt original idea of a psychology experiment and the application of introspection to it, was very different from some of his students’ such as Külpe and Titchener, and in fact he was one of their harshest critics. The application of introspection in experimental psychology was then heavily criticized by the Behaviourist movement led by John Watson, which rejected it as a truly scientific methodology in favour of the study of behaviour. It was not until the 1950s with the rise of the Cognitive Revolution that introspection became a tenable scientific approach again with the development of a variety of methodologies, such as experience sampling (ES) and the think-aloud protocol 43[]
, in which participants are asked to verbalize their every thought as they perform a particular task. The resulting verbal protocols are then analyzed to provide insight into how cognitive processes are organized to perform a particular task.
In mind-wandering research introspection is especially important, as the experience is often entirely unrelated to events in the here and now or any particular task being performed. This independence of a participant’s experience from any perception-action contingencies means that experience sampling is the only way to directly discern instances of spontaneous self-generated thought. The systematic investigation of the mind-wandering state using the technique of experience sampling began in the 1960’s with the pioneering work of Jerome Singer, John Antrobus and Eric Klinger and is still the gold standard in this field of research 
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[2, 3, 6, 16]
. Experience sampling refers to the systematic collection of self-reports of a participant’s ongoing experience 1[, 44]
. Online probe-caught ES requires participants to answer random or quasi-random questions regarding their experience either in the lab or in daily life 1[]
. Retrospective ES involves the gathering of self-reports at the end of a task, either via questionnaires or open-ended questions. Descriptive Experience Sampling (DES; 45[]
) is a particular type of ES in which participants record their inner experiences throughout the day and then subsequently report them to the researcher in a expositional interview.

Although metacognition provides access to the stimulus independent features of conscious experience, it is not without limitations: for example, online ES is problematic because it disrupts the natural evolution of experience. By periodically interrupting participants during the course of a task, the natural dynamics of performance and of the phenomenon measured (in this case, mind-wandering). Moreover, repeatedly probing participants about their experience is likely to alert them of the key dependent variable measured by the experiment and once more, to alter its natural occurrence 46[]
. Some other fundamental issues of introspective evidence are its inherent subjectivity, confabulations, the interference between cognitive processes, and the privacy of mental content: unlike objective measures, such as response times, the veracity of subjective experiences cannot be (yet) verified with additional measures. As the participant is the only one to have direct access to his/her own mental content. It is also well known that in many cases people have little introspection access to a variety of cognitive processes; for example, participants can be unaware of the real reasons that influence a decision and at the same time confabulate that another reason is the cause 47[, 48]
. Introspecting and reporting one’s own mental content also involves performing two tasks at the same time. The act of introspection, therefore, might influence the mental content that is being experienced. This could either alter the likelihood that a particular form of experience will arise, or could change the qualities that the experience will have. Finally, there are cases in which participants might be unwilling to share certain private experiences, so that their reports could be systematically biased. Participant might purposely omit to report cultural/social taboo subjects, such as an embarrassing memory or a violent or erotic fantasy, and report a more “neutral” narrative.
Studies of mind-wandering, therefore, highlight one of the fundamental paradoxes in studying conscious experience: without the capacity for metacognitive access to our experiences, studies of conscious experience would be almost impossible; however, our access to our own experience means that the method of inquiry as part of an experiment may fundamentally alter the conscious experience itself. These issues between self-reports and the mind-wandering state can be seen as arising from more general problems of a science of consciousness that relies simply on the introspective method.
Refining Methods of Measuring Mind-Wandering
In the last decade, important strides in understanding conscious experience have been made through the refinement of the method through which self-reports are collected. In the domain of mind-wandering one way that this has occurred is through the investigation of different types of mind-wandering. Work on the functional outcomes of the mind-wandering state has highlighted that it has both costs and benefits 1[]
. For example, studies have shown that the mind-wandering state has costs and benefits: it affords creative and planning processes when external demands are low but can disrupt task performance when external task demands are elevated 
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[24, 49, 50]
. This is known as the context-regulation hypothesis; 51[]
.  Other work has highlighted that the nature of the experience that emerges during mind-wandering has implications for measures of well-being, with negative or past related experiences being linked to higher unhappiness 
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[25-27]
. This is known as the content-regulation hypothesis51[]
.
One reason why this complex pattern of costs and benefits may arise is because there are several, different types of experience that emerge in the mind-wandering state, each associated with unique functional outcomes, and initial ES methods were too crude to accurately differentiate between these distinctive states. For example, one fMRI investigation has directly tested the possibility that mind-wandering depends on the interaction of two orthogonal dimensions, task-relatedness and stimulus-dependency, and has distinctive neural correlates when compared to external distractions or internal, task-related thoughts 52[]
.  Other  recent work has focused on patterns of co-variation between different aspects of the mind-wandering state using the technique of Multidimensional Experience Sampling (MDES) 
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[1, 30, 53, 54]
: this refers to the investigation of mental content through questionnaires and/or thought probes acquiring a large amount of data with questions investigating different aspects of experience, and then using dimension reduction techniques such as principal component analysis to reveal the dimensions that underlie these data. This methodology has shown to reliably reproduce certain dimensions of the content of mind wandering experience, for example patterns of temporal (future-past) thought 
 ADDIN EN.CITE 

[1, 30, 53, 54]
. Using techniques that focus on co-variation between experiential features of the mind-wandering state has made it possible to identify structural patterns in experience sampling reports. These are consistent across different samples of individuals and correspond in broad terms to patterns of thought (shown in Figure 2, sub-panel A). Importantly the different categories of thought explain unique variation associated functional outcomes: measures of emotional state, physiological arousal and ongoing task performance have all been shown to vary with differences in the content of experience that arises during the mind-wandering state 1[]
.
One way that the utility of experience sampling could be improved is through an assessment of the accuracy of the reports. In this regard important strides have been through the development of the meta-d’ measure 55[]
, which objectively measures metacognitive sensitivity using signal detection theory (SDT).  SDT was originally developed to measure stimulus discrimination accuracy independently of response bias 56[]
: in standard stimulus discrimination experiments, participants are involved in forced-choice tasks (known as the “type 1 task”), classifying a range of stimuli. On top of this, participants can be asked to classify their confidence level on the response they just made (type 2, or metacognitive task). SDT can be applied to both tasks to get a measure of participants’ sensitivity in the stimulus discrimination (type I d-prime) or metacognitive task (type 2 d-prime): Maniscalco & Lau 55[]
 extended this method by “characterizing the observed type 2 sensitivity as the value of d’ that a metacognitively optimal observer would have required to produce the empirically observed type 2 data”. In this sense, meta-d’ is a measure of type 2 sensitivity expressed at the level of type 1 d’, or in other words, a measure of the signal that is available to the subject to perform the type 2, metacognitive, task and is not influenced by either response bias or type 1 sensitivity.
The development of meta-d’ has revolutionised the understanding of metacognition because through a process of triangulation with objective neurocognitive markers, it has revealed the complex and heterogeneous nature of the metacognitive state. Fleming and colleagues 
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[57-59]
 found evidence for a neural substrate of metacognitive ability for perceptual decision-making in a region of rostro-lateral prefrontal cortex. Building on these findings, it has been identified that metacognition for different aspects of experience depend on different neural substrates (see Figure 2, subpanel B, showing different neural substrates for meta-cognition of perception, and memory) 
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[60-62]
. Intriguingly, the integrity of key aspects of the default mode network (DMN, the medial pre-frontal cortex, precuneus and the inferior parietal lobule) determines an individual’s metacognitive accuracy for information from memory 60[]
, an observation that is important for understanding the role of the DMN in the mind-wandering state (see Box 3: Open Questions).
Triangulation as a method for understanding conscious experience
Although it is possible to refine measures of ES, the inherent limitations of this approach mean that it will be necessary to develop measures that provide a proximal measure of conscious experience without requiring participants to actively report on the contents of their experience. Ultimately, it is only with this development that it is possible to address whether the act of introspection as part of the experimental procedure produces the effects that are measured by the paradigm. One way that this could be achieved is to explore the neural basis of the experiences that subjective reports are used to assess, the so-called neural correlate of consciousness. By pairing subjective reports with neurocognitive measures, it may be possible to develop techniques that infer inner mental states without relying on introspection.
The combination of objective and subjective information is referred to as the process of triangulation 1[, 63]
. Borrowing this term from the field of land surveying, triangulation refers to the pairing of subjective reports with behavioural and physiological measures, in order to minimize the weaknesses, and maximize the strengths of each type of measure. In mind-wandering research, triangulation can be achieved in different ways. For example it is known that mind-wandering is more common in easy or practiced tasks 64[, 65]
 and behavioural performance is usually spared in these cases. This well documented situational modulation of the mind-wandering state allows researchers to explore objective neurocognitive measures in non-demanding conditions, or at rest, as a proximal measure of the mind-wandering state. In principle, these gross situational variations can be compared to online measures of ES to explore similarities in objective measures (such as the BOLD signal).
A second way to use triangulation in mind-wandering research is to exploit the capacity for these experiences to disrupt performance on a wide range of demanding tasks 
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[23, 24, 50, 66-68]
; even when performance is not completely disrupted, there is evidence that mind-wandering episodes alter behavioural performance in other ways, such as increasing response variability 69[, 70]
. Under demanding conditions, if a participant reports an episode of mind-wandering and her performance in that period was also impaired, this would provide supporting evidence that attention was decoupled from events in the here and now. 
Reports can be further corroborated by the use of different physiological or neurocognitive measures. Using fMRI, it is now well known that mind-wandering is linked to activity of the default mode network (DMN), a large scale network anchored by hubs on the anterior and posterior medial surface of the cortex 
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[65, 71-74]
. Similarly, differences between periods of on task versus mind-wandering periods have been found using EEG 
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[75-78]
, pupillometry 
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[79-81]
 and eye movements or blinks 
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[82-84]
. Following our example, if a participant’s report of a mind-wandering episode in an MRI scanner was accompanied by poor task performance, heightened baseline pupil dilation and concurrent activation of the default mode network, this triangulation of physiology, behaviour, experience and neural processing would provide converging evidence that attention was decoupled from the events in the here and now. Figure 3 illustrates four examples on how different methods of ES, such as online probes vs. retrospective questionnaires, can be paired with different neurocognitive measures, such as Electroencephalography (EEG) and Pupillometry.
The process of triangulation is important in other paradigms that explore conscious awareness, as for example with the combination of the binocular rivalry paradigm with pupillometry and optokinetic nystagmus (OKN) measures in a study by Frässle and colleagues 85[]
. Using this technique, they showed that the OKN and pupil diameter were reliably tracking rival alternating percepts, as measured by participants’ reports. Furthermore, they showed that the act of reporting modulated both the speed of rival percepts alternation and the activation of frontal brain areas, which could be dissociated by pure rivalry alternations and seemed to reflect only the act of introspection and reporting. Their conclusions focus on three key points: 1) they could track a subjective experience (the alternation of rival percepts) using only objective measures (OKN and pupillometry), 2) the act of reporting changed the experience itself, by accelerating the alternation of percepts, and 3) much of the frontal brain activation present in fMRI binocular rivalry studies could be explained simply by self-monitoring and the act of reporting, and not the phenomenon itself. 
The discussion on the advantages and disadvantages of using participants’ reports in consciousness research has received a lot of attention in the last few decades 86[]
, and while the development of an objective marker of conscious experience is necessary to advance the field, subjective reports remain the gold standard for accessing participants’ inner experiences. Moving towards a covert marker of the mind-wandering state requires that research focus on how accurately people can introspect on the contents of their experience. It is possible that incorporating techniques of hypnosis could help in maximizing participants’ differences between their external vs. internal awareness, and shed light on the role of meta-awareness in self-generated thought,  as was shown in a recent study 87[]
. Nevertheless, another recent study 88[]
 suggests that participants have reasonable metacognitive access to their experience; the combination of this method with behavioral measures linked to the mind-wandering state can help to define an objective marker of conscious experience in the near future, in a way similar to Frässle and colleagues’ study.  
The Mind-Wandering State as a Paradigm for Assessing Conscious Experience
It is clear that canonical features of conscious experience (stimulus independency and metacognitive access) that are the core of its value as a topic of investigation are also central to the empirical challenges that it poses as an experimental phenomenon. It is equally apparent that the mind-wandering state embodies both features of conscious experience in a manner that can be readily accessed in the real world as well as under controlled laboratory conditions. This combination of the applicability of the mind-wandering state to consciousness research with the empirical tractability of its investigation means that it provides a powerful paradigm to understand the conscious state (Box 2). 
BOX 2 – Capturing the wandering mind
The mind-wandering state is a common example of a conscious state that involves both stimulus-independence and metacognition that is common in daily life. There are at least three ways that mind-wandering can provide a useful paradigm to understand key aspects of conscious experience. 
· Comparison of situational modulation and transient occurrence. The thoughts and feelings that emerge in the mind wandering state are transient changes motivated by intrinsic processes and this spontaneous feature of the experience makes it hard to understand. Studies, however, have shown that participants moderate the occurrence of unrelated thoughts as the complexity of an external task increases (context-regulation hypothesis). The situational modulation of the mind-wandering state allows the researcher to exert indirect control over the occurrence of the mind-wandering state and so develop more causal accounts of the experience.
· Combining online and retrospective experience sampling. Online and retrospective measures of ES both provide ways to access subjective aspects of experience; however they both have different weaknesses. Online ES is disruptive of the natural dynamics of a task, whereas Retrospective ES is limited in temporal specificity since it relies on a person’s memory. Complementary experimental findings from different ES techniques, however, cannot be the result of limitations in either approach and so provide a less biased method of exploring the mind-wandering state.  
· Combination of objective and subjective markers Subjective measures of experience remain the gold standard measure of the mind-wandering state, however, in isolation these cannot be verified. Studies have shown that the mind-wandering state has objective behavioural and neural correlates 81[]
. Common neural markers associated with both experiential measures of mind-wandering and its associated behavioural consequences, allow researchers to identify verifiable accounts of this aspect of conscious experience.
We have developed a paradigm that takes advantage of how the mind-wandering state can be assessed in the laboratory 74[]
. In a recent version of this paradigm (illustrated in Figure 4) participants alternate between task blocks that require constant external attention (1-back) and blocks that only require rare, highlighted moments of external attention in order to be performed successfully (0-back). This manipulation allows the occurrence of mind-wandering to be manipulated indirectly. Performance failure on the 1-back condition reflects periods when explicit maintenance of the task fails allowing for objective indicators that attention is decoupled form the tasks. The task can be combined with different measures of neurocognitive functioning (such as functional magnetic resonance imaging, pupillometry) allowing objective information to be gained on the status of ongoing cognitive processing. Finally, in this paradigm experience can be measured using both online and retrospective ES. In combination with objective indicators this would allow the identification of covert markers of the mind-wandering state that could not be determined by the act of introspection.  
BOX 3 – Open Questions
Although recent work has identified important aspects of how the mind-wandering state can inform our understanding of conscious experience, there are several important questions that remain unanswered: 
· What is the link between metacognition and mind-wandering? A number of studies 
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[88-91]
 have shown that metacognitive awareness is implicated in the regulation of mind wandering and also in the capacity to report it effectively. It is also possible that the capacity to engage in self-generated thought in the first place is a metacognitive process. Experiencing thoughts about the future, for example, depends upon being aware of representations generated from stored knowledge and studies have shown that a similar network is implicated in this process as is involved in the effective meta cognition of information from memory 60[, 61]
. This evidence suggests that the process of conscious attention to thoughts and feelings during the mind-wandering state may be inherently metacognitive in nature.
· Neural substrates of stimulus independent aspects of consciousness. Is there a general neural substrate of stimulus-independency regardless of the content? The neural substrates for metacognition seem to be domain specific 58[, 59]
. Studies of brain organisation at rest suggest that most neural systems exhibit structured activity in the absence of an external task. These two lines of evidence suggest that stimulus independency may be a mode of cortical function rather than a property of a specific neural system.
· The functions of stimulus independent cognition. Initial work exploring mind-wandering focused on its negative role in on-going tasks such as reading 
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[66, 67, 83]
. More recent work has demonstrated that there are beneficial aspects of the experience such as creativity and planning. Understanding the functional benefits that emerge from the mind-wandering state will be important in identifying the value that the stimulus independent aspect of conscious experience brings to the organism.
Conclusions
The experiences that emerge in the mind-wandering state illustrate that the contents of conscious experience can be dissociated from the environment within which it is embedded (stimulus independence) as well as underlining that we have introspective access to this aspect of experience (metacognition). Since it can be studied easily in the laboratory and in daily life, the mind-wandering state provides a paradigm in which consciousness can be understood in an ecologically valid manner. Advances in experience sampling techniques have confirmed the heterogeneity of the mind-wandering state in terms of its functional outcomes while advances in neuroimaging have revealed the underlying mechanisms that support these aspects of experience. Importantly, the technique of triangulating between experiential and neurocognitive measures holds the promise of identifying covert markers that describe the contents of consciousness without relying solely on the introspective process. Building on these advances, the continuing development of our understanding of the mind-wandering state will illuminate how we escape the constraints of our immediate environment and, since this state makes an important contribution both to normal and abnormal functioning, it will help understand the functional role that conscious experience plays in our lives.    
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Figure Captions
Figure 1 – The Stimulus-Independent Nature of Consciousness
A) Regions of the default mode network (DMN) activate during mind wandering. Data taken from 73[]
. B) The same network shows co-ordinated activity during wakeful rest, in the absence of any particular task. Data taken from 92[]
. C) In continuous flash suppression (CFS) paradigm 39[]
 participants are consciously unaware of a stimulus presented to one eye as it becomes masked by another stimulus presented to the other eye. D) In binocular and perceptual rivalry paradigms (subpanels a) and b), respectively), what is consciously perceived changes even though the stimulus itself remains unchanged. The effects of the two paradigms correlate in individuals (subpanels c) and d)). Figure taken from 93[]
. 
Figure 2 – Refining measures of introspection
A) Applying statistical methods such as principal component analysis to multidimensional experience sampling (MDES) data, shows that self-generated thought has a stable internal structure. Data taken from two different samples of healthy adults (n=87 & n= 64 respectively) see 30[, 53]
 for details of the method. B) Metacognition for perception and memory depend on different neural substrates and are not correlated across individuals. Figure adapted from 60[, 61]
. C) By combining MDES and neurocognitive measures, it is possible to investigate the neural substrates of different types of self-generated thought, such as future- and past-related thought. Figure adapted from 54[]
. 
Figure 3 – Experience Sampling (ES) and Neurocognitive Measures
A) The amplitude of a positive event-related potential, the P3, as measured through EEG, is reduced during periods of off-task thought compared to on-task, as measured through online ES. Figure adapted from 94[]
. B) Online ES can also be paired with pupillometry, showing larger pupil dilation in period of off-task thought compared to on-task. Figure adapted from 80[]
. C) Retrospective ES shows reduced evoked responses to target stimuli during off-task thought. Figure adapted from 76[]
. D) Pairing of retrospective ES and pupillometry, showing a relation between mind-wandering, reaction times and pupil dilation. Figure taken from 81[]
. 
Figure 4 – Mind-Wandering Paradigm, Behavioral and fMRI Results
A) Participants alternate between a 0-back task, which allows and induces mind-wandering, and a 1-back task, which requires constant on-task focus. B) Participants performing the easier, 0-back task, have higher accuracy, lower RTs, and are less on task, as measured through online thought-probes. C) Key areas of the default mode network are active during periods of 0-back task. Figure taken from 74[]
. 
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