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Abstract 

In the 1990s researchers discovered task-deactivated regions in the human brain. Together, 

these areas make up the default mode network (DMN). It was originally proposed to act as a 

balancing mechanism between different brain systems, explaining the deactivations, but is 

now mostly studied with regards to internal awareness, such as daydreaming and mental 

imagery. The purpose of this thesis is to present a summary of DMN research, focusing on the 

network’s suggested role in internal awareness. This will be done by reviewing a wide variety 

of research that either explicitly or indirectly correlate default mode network features with 

aspects of consciousness and internal awareness. The subjective experience of being 

conscious have been a source of argument primarily among philosophers, but the qualities we 

feel are intimately linked to cognitive functions that are supported by the regions found in the 

DMN. Cognitive neuroscience may therefore be able to contribute to the concept of internal 

awareness and consciousness. 

Keywords: default mode network, consciousness, internal awareness, posterior 

cingulate cortex, disorders of consciousness 
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Introduction 

The concept that the human brain has a default mode stems from neuroimaging 

research conducted in the 1990’s and early 2000’s (Raichle & Snyder, 2007; Shulman et al., 

1997). In the 1980’s, positron emission tomography (PET) was growing as a research method, 

greatly aiding the study of brain activity (Raichle & Snyder, 2007). By subtracting functional 

images captured in a task-state (in human participants), from images when the participant is in 

a control-state (resting), researchers could see what areas in the brain were activated by the 

specific task (Raichle & Snyder, 2007). This paradigm was used for almost a decade before 

scientists started using reverse subtraction (Raichle & Snyder, 2007). When they did, they 

realized that the brain didn’t only show activations when engaged in a task, but deactivations 

as well. The deactivations were present no matter which control-state was used, whether the 

participant was resting with their eyes closed or had visual fixation while the eyes were open. 

Regardless of the task, the decreases almost always originated from the same areas, the 

posterior cingulate cortex (PCC), the precuneus and the medial prefrontal cortex (mPFC). 

(Raichle & Snyder 2007). After this discovery, the curiosity for deactivations in the brain 

have only grown and are now a daily part of functional imaging observations (Raichle & 

Snyder, 2007). The regular occurrence of the deactivations led researchers to start speaking of 

a default state of the human brain (Raichle et al., 2001). The name default mode network 

(DMN) has evolved from the 2001 study by Raichle et al. Since this study was published, the 

DMN has been proposed to sustain a wide array of cognitive functions, such as daydreaming 

or mind-wandering, stimulus-independent thoughts (SITS) or self-related thoughts 

(Vanhaudenhuyse et al., 2010). Much research has been conducted regarding the areas of the 

brain that show task-induced deactivations since it may prove important for various clinical 

diagnoses and to add to our general knowledge of brain function. The research has revealed 

that there exists a functionally organized network of brain regions, and this network is now 
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called the DMN. The DMN has been studied from many different perspectives, but the aim of 

this thesis is to present a summary of DMN research with a focus on its relations to internal 

awareness. Consciousness will be mentioned due to its involvement in awareness.  It is 

important to review, research and establish clearer definitions for internal awareness and 

consciousness because their functions are related to not only human cognition, but 

disagreements in philosophy, diagnosing disease and injury, medical treatment and possibly 

animal welfare; topics that are highly relevant in today’s society.  

This thesis is a literature review. The reviewed research has been found through 

various online databases, such as PubMed, Wiley Online Library and Google Scholar. 

Keywords used to find the articles include “default mode network”, various anatomical names 

such as “precuneus”, “posterior cingulate cortex”, “medial prefrontal cortex” and filters that 

enables sorting, for example, date of publication or the type of article (review, experimental or 

meta-analysis). Articles have been included according to relevance (how much they focus on 

internal awareness) and do in no way represent the entirety of DMN or consciousness 

research. The essay is organised so that it begins with a short introduction of the discovery of 

the DMN, followed by this methodological section explaining how the research was found. 

Next is a section about the definition of consciousness, followed by a deeper historical 

account of the science behind the DMN, mentioning various imaging methods and analyses. 

The thesis continues with the general anatomy and function of the areas most often mentioned 

in relation to the DMN, before looking at the specific studies where the DMN is linked to 

consciousness. Finally, there is a part about what happens in the DMN when affected by 

disease and injury (disorders of consciousness). The thesis ends with a discussion. 
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Defining Consciousness and Awareness 

The nature of consciousness has been a source of conflict among philosophers, 

scientists and common folk alike for centuries. Ultimately, all philosophical (and scientific) 

ideas about consciousness affect how we interpret it, how we choose to study it, where we 

should look for it, and in the end, the results themselves. 

Because there exist philosophical disagreements regarding what consciousness is and 

what it consists of, one will inevitably encounter ambiguous definitions in the literature, even 

when trying to approach consciousness from a medical or scientific perspective. It is of major 

importance that the neuroscientific community create a definition of consciousness that is 

globally accepted to avoid problems and misunderstandings that stem from unclear 

terminology, but until that happens consciousness studies will remain somewhat difficult to 

interpret and navigate.  

Attempting to bystep these problems, in this thesis, consciousness will be defined as a 

biological state of the human brain. This state will consist of three aspects: 

wakefulness/arousal, internal awareness and external awareness (Demertzi, Soddu, & 

Laureys, 2013). Wakefulness/arousal is dependent on subcortical arousal systems such as the 

brainstem with its reticular formation and connections to the thalamus (Damasio & Meyer, 

2009), and can be estimated by criteria as if the eyes are open. Wakefulness can be described 

as the level of consciousness, but the level may also refer to consciousness as a whole state 

(as consisting of wakefulness, external and internal awareness; Demertzi et al., 2013; Di Perri, 

Stender, Laureys, & Gosseries, 2014; Laureys, 2005), which is potentially confusing. ‘Level 

of consciousness’ is, in this thesis, assumed to refer to all three aspects of consciousness 

(wakefulness, external and internal awareness), but may be used as referring only to the level 

of wakefulness. 
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Awareness is mediated by the frontoparietal cortex and refers to the content of 

consciousness (Demertzi et al., 2013; Di Perri et al., 2014; Laureys, 2005). The external 

awareness network, which has support from the bilateral dorsolateral prefrontal cortices 

(dlPFC) and the posterior parietal cortices (PPC; Demertzi et al., 2013), monitors our physical 

environment, our bodily state and all information perceived by our senses. The internal 

awareness network enables mental processing that is stimulus-independent, for example 

daydreaming, inner speech, mental imaging and general mind-wandering (see Figure 1; 

Demertzi et al., 2013; Di Perri et al., 2014). Internal awareness is behaviourally difficult to 

assess in some dissociated states of consciousness where there are no means of 

communication present (Laureys, Perrin, & Brédart, 2007). External awareness can be 

observed with the help of behavioural criteria such as visual pursuit or responding to a 

command (Di Perri et al., 2014). Responsiveness is changeable and complex; it can be either 

automatic (reflexive) or intentional (goal-directed; Sanders, Tononi, Laureys, & Sleigh, 

2012). Purposeful (intentional) behaviour is characteristic of a conscious individual (Damasio 

& Meyer, 2009). A lack of responsiveness may, depending on the definition of consciousness, 

implicate a lack of consciousness, which may have serious consequences for a patient with 

impaired consciousness. This will be further touched upon in the discussion. 
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Figure 1. An approximation of the anatomy of the internal and external awareness networks. 

Adapted from “Consciousness supporting networks” by Demertzi et al., 2013, Current Opinion in Neurobiology, 

23(2), p. 240. Copyright 2012 by Elsevier Ltd. 

 

Self-awareness is yet another extremely difficult concept to define. According to Adam 

Zeman, self-awareness could be argued to consist of five different aspects (Zeman, 2001). 

The first aspect consists of our proneness to embarrassment, or “when we are excessively 

aware of other’s awareness of ourselves” (Zeman, 2001, p. 1266). Second, we have the ability 

of self-detection, or noticing when stimuli affect our bodies. This could also be called 

perceptual awareness (not to be confused with external awareness). Third, we possess self-

recognition. This is evident by how we react to mirrors, seeing as we recognize ourselves as 

distinct from others. Fourth, self-awareness enables us to attribute mental states to ourselves 

and others (such as beliefs and desires). This is often called theory of mind (ToM) Zeman also 

calls this aspect “awareness of awareness” (Zeman, 2001, p. 1266). And fifth, self-awareness 

implies self-knowledge. Self-knowledge can refer to the awareness that previous experiences 

or cultures has shaped me into who I am today (Zeman, 2001). In this thesis, when self-

awareness is mentioned, it will be assumed to consist of all these five aspects. 
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In this thesis, consciousness will be assumed to exist on a continuum. Using a 

continuum allows for dissociations between wakefulness/arousal, external and internal 

awareness, as is the case when altered states of consciousness occur (see Figure 2). If 

consciousness exists on a continuum, a person who is both awake, externally and internally 

aware can be considered as fully conscious. This assumption may be problematic because of 

various altered states such as anaesthesia awareness (Sanders et al., 2012), which is the 

reason why the concept of consciousness is in desperate need of clarification in the entire 

scientific community. The assumption of being fully conscious may also lead to degrading 

(insulting) of individuals or beings with permanently decreased or “lesser” consciousness, but 

this thesis does not support any such notions. The consciousness continuum is simply meant 

to be used as a conceptual tool to highlight the variability in consciousness. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. An overview of dissociations of consciousness. The y-axis represents the level of 

wakefulness/arousal and the x-axis the level of awareness. Adapted from “Functional neuroanatomy 

of disorders of consciousness” by Di Perri et al., 2014, Epilepsy & Behavior, 30, p. 29. Copyright 2013 by 

Elsevier Inc. 
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The term consciousness in this thesis will refer to the entirety of the consciousness-

spectrum (wakefulness/arousal, internal and external awareness), since internal awareness is 

intricately related to both wakefulness/arousal and external awareness systems. The 

interaction between the wakefulness/arousal network, the external awareness network and the 

internal awareness network will be mentioned but not thoroughly analysed due to space 

limitation. Altered states of consciousness will be mentioned with a focus on disorders of 

consciousness.  

 

Discovering the Default Mode Network 

The study of the precursors to what later would become the DMN began in the 1990s 

using PET and functional magnetic resonance imaging (fMRI). PET scanning, as well as 

fMRI, can be used to measure blood flow in the brain. 

In a meta-analysis by Shulman et al. (1997) they reviewed nine PET studies with blood 

flow decreases during visual information processing tasks relative to a passive control state. 

The tasks were either language-related or non-language related.  

In their analysis, Shulman et al. (1997) found that an entire set of brain areas showed 

consistent decreases during the active tasks. The areas consisted of the posterior 

cingulate/precuneus, the left and right inferior parietal cortex (IPC), the dorsolateral frontal 

cortex, the inferior temporal gyrus, the right amygdala and some medial frontal regions along 

a dorsal-ventral axis. The question was why these areas showed decreasing blood flow. 

One possible explanation was that the mentioned brain areas were affected by or 

suspended during the visual task. If that is the case, then the cognitive processes that are 

active in a passive state (such as monitoring of the external environment or unconstrained 

mental processing) are anti-correlated to the processes that are activated by an experimental 

task. An anti-correlation means that as one thing increase, in this case cognitive demand, 
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another decrease (in this case brain activity in a network of areas). The anti-correlation may 

be a result of competition between areas that engage similar brain structures (such as 

attention-supporting structures) or a resource with limited capacity (such as oxygen or 

glucose). The functional consequence would then be that certain processes (like maintaining 

bodily awareness and concentrating on a language task) cannot be active at the same time 

(Shulman et al., 1997). 

The 1997 study was followed by another meta-analysis in 2001 where Mazoyer et al. 

(2001) investigated nine PET studies that all had a passive state as the control state. The 

passive state was believed to consist of Random Episodic Silent Thinking (REST). REST is 

characterized as a mental state not caused by external or motor output and consisting of 

various cognitive processes such as somesthesic information, association processes, 

recollections of past experiences, mental imagery, inner speech, emotions and planning for 

the future; abilities that in some cases seem to be reserved for human cognition only 

(Mazoyer et al., 2001). The REST state will be synonymous with resting-state from this point 

onwards.  

The study by Mazoyer et al. (2001) explicitly wanted to establish if there was a 

network of brain areas sustaining the mental state of REST. 63 male and healthy participants 

underwent PET scanning focused on blood flow mapping. They were assigned to nine 

different scanning protocols with nine different tasks recruiting varied cognitive functions, but 

all protocols had the same resting-state condition. To discern the mental content of REST (i.e. 

the contents of consciousness) 41 participants also answered a detailed questionnaire after 

completing the scanning session.  

According to the participants, their REST state’s mental content (autobiographical 

reminiscence, inner speech and mental imaging) correlated with the processes believed to be 

active during REST (association processes, recollections of past experiences, mental imagery, 
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inner speech, emotions and future planning). The PET results revealed a parieto-frontal 

network that was more active during the resting-state than during the cognitive task condition, 

regardless of the task condition’s nature. The activated network engaged the left PCC) 

anterior precuneus, bilateral middle occipital gyri, bilateral angular gyri and anterior cingulate 

cortex (ACC), areas thought to be involved in episodic memory, emotional processing, free 

recall, association and inner speech. The researchers drew the conclusion that the parieto-

frontal network sustains the conscious REST state in humans (Mazoyer et al., 2001). 

At the time a lot of researchers were wondering about what caused the deactivations 

seen in PET and fMRI studies and the difficulty in defining a baseline state of the human 

brain. As a response to this, Raichle et al. (2001) did a PET study to investigate the network 

reported by Shulman et al. (1997) and Mazoyer et al. (2001).  

The brain needs oxygenated blood to function. If it is deprived of it, it does not take 

long before there is permanent damage. Changes in blood flow are accompanied by changes 

in oxygen consumption. When blood flow increases, the amount of oxygen extracted by the 

neurons from the blood decreases. This results in increased oxygen extraction when blood 

flow decreases (Gusnard & Raichle, 2001; Raichle et al., 2001). Think of it as the ocean. The 

ocean is the blood with new fresh oxygen, and the sandy beach is the neurons. When the 

beach is drenched with a wave of water, the neurons have an excess of oxygen and they 

extract less. But then the wave withdraws, and the beach is left dry. At this stage, the neurons 

have a lack of surrounding oxygen and increase extraction. There is a constant ebb and flow 

in the brain. It has been established that the local blood oxygen content correlates with brain 

activity, but scientists don’t know why the amount of oxygen in the blood changes more than 

the neuron’s demand for oxygen (Gusnard & Raichle, 2001; Raichle et al., 2001). fMRI as a 

signalling method is dependent on haemoglobin which carries oxygen to the neurons, and so 

fMRI can be used to detect brain activity because of the ebb and flow of oxygenated blood. In 
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the case of fMRI, this phenomenon is referred to as blood oxygen level-dependent (BOLD). 

PET studies on the other hand, quantitatively measure the relationship between delivery and 

utilization of oxygen and this is called oxygen extraction fraction (OEF; Raichle et al., 2001).  

Previous studies had shown that the OEF is uniform (even) in the resting state, so local 

deviations in the OEF represent the physiological basis of changes in neuronal activity. 

Raichle et al. (2001) proposed that the uniform OEF in a resting-state defines a baseline state 

in the human brain (Gusnard & Raichle, 2001; Raichle et al., 2001). Areas in the brain that 

show reduced OEF (compared to the mean) are defined as activated, meaning that neural 

activity is above baseline level. Areas that do not differ from the mean are said to be in a 

baseline state. Increased OEF compared to the mean defines areas of deactivation, meaning 

that neural activity has decreased below baseline (Raichle et al., 2001). 

Raichle et al. (2001) took two independent groups with 19 participants in each and 

scanned them with PET while in a resting-state with their eyes closed. The results showed that 

in the resting-state, the 13 areas the researchers focused on showed no significant OEF 

deviation compared to the hemispheric mean. In other words, none of the areas were activated 

above the baseline (Raichle et al., 2001). Taken together, the researchers concluded that the 

brain has a baseline state of neuronal activity, evidenced by mean OEF. The functional 

significance of such a state is that it possibly exists as a balancing mechanism between local 

metabolic requirements and the level of blood flow (Raichle et al., 2001). Raichle et al. 

(2001) found that the areas consistently showing decreased activity during cognitive task 

paradigms did not exhibit a reduced OEF (which would be evidence for activation) in the 

resting-state.  

The studies by Shulman et al. (1997), Mazoyer et al. (2001) and Raichle et al. (2001) 

all overlapped on the conclusion that the PCC, precuneus and mPFC all exhibit decreased 

activity during cognitive tasks. The PCC/precuneus is believed to continuously gather 
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information about the external world, a function that, if active by default, would increase 

survival for our ancestors. The only time it’d be important to turn such a function “off” would 

be when attention needs to be focused on a task, such as a predator. The mPFC is thought to 

integrate emotional and cognitive processes to enable decision-making processes. Both of 

these functions are essential for survival so Raichle et al. (2001), in combination with the 

previous studies, were the first to suggest that these cognitive functions are a supported by a 

default state of brain activity that is temporarily suspended during attention-demanding tasks 

(Raichle et al., 2001). The DMN was born. 

 

Functional Imaging of the Default Mode Network 

In 2007 Fox & Raichle published a review article where they discussed slow BOLD 

fluctuations (<0.1 Hz) that can be observed with fMRI (Fox & Raichle, 2007). The theoretical 

groundwork for studying spontaneous BOLD fluctuations came from the realization that the 

human brain takes up only 2% of our entire body mass but consumes 20% of all our energy. 

Most of this energy is supposedly supporting ongoing neuronal signalling, while task-related 

increases in metabolism may only require less than 5% of the total energy. For a long time, 

scientists only studied task-related increases in brain activity, but that is only a minor 

component of total brain activity. To understand how the brain works we must look at the 

spontaneous neuronal activity that requires the remaining 15% of the body’s energy (Fox & 

Raichle, 2007). 

Spontaneous neuronal activity can be defined as an activity that is not attributable to 

specific inputs or outputs. It is an activity that is intrinsically generated. To measure this, 

fMRI aims to minimize sensory input, responses and cognitive tasks in participants. To 

achieve this, a resting-state condition is used, usually with the eyes closed or visual fixation 

on a cross-hair (Fox & Raichle, 2007). A possible risk with fMRI is that spontaneous activity 
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may be affected by artefacts such as cardiac and respiratory signals or scanner instability. This 

can be avoided however, by using a high sampling rate or linear regression (Boly et al., 2008; 

Fox & Raichle, 2007). It is also possible to use independent component analysis (ICA) that 

can isolate noise from the BOLD data by regressing out signals that are common to all voxels 

or have a high probability of exhibiting artefacts, such as the ventricles or white matter (Boly 

et al., 2008; Fox & Raichle, 2007). To identify the spatial location of the BOLD signal, 

functional connectivity analysis is used. The technique extracts the BOLD time course from a 

region of interest (ROI; or seed region) and then look at the temporal correlation between that 

signal and the time course from other voxels. Using hierarchical clustering and a correlation 

matrix one can obtain time courses from many seed regions. A clustering algorithm then 

calculates which regions are functionally related to one another. The resulting product is a 

visual topological map of functional connectivity (Fox & Raichle, 2007). 

Functional connectivity can be defined as the study of “inter-regional correlations in 

neuronal variability” (Fox & Raichle, 2007, p. 703) and the concept can be applied to both 

resting-state and task-state studies. Brain areas with BOLD signal fluctuations that show a 

high degree of temporal correlation are believed to constitute functionally connected neural 

networks (Greicius, Krasnow, Reiss, & Menon, 2003). fMRI, spontaneous BOLD fluctuations 

and functional connectivity are therefore ideal when studying the DMN, and this is precisely 

what has been done (for a review of spontaneous BOLD, see Fox & Raichle, 2007). 

Greicius et al. (2003) used fMRI to scan 14 participants during three conditions; a 

resting-state condition, during a working memory task and a passive visual task. The working 

memory task was used to highlight possible task-related decreases in the PCC and ventral 

anterior cingulate cortex (vACC) while the lateral prefrontal cortex (lPFC) possibly would 

show increases in task-related activity. The scans were then analysed using a functional 

connectivity paradigm (Greicius et al., 2003). 
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In the working-memory condition, task-related decreases were seen in the PCC and 

vACC. In the passive visual condition, there was increased activity in the bilateral extrastriate 

regions. In the resting-state condition, the scans showed significant PCC connectivity with a 

large cluster in the mPFC, including vACC, orbitofrontal cortex (OFC), left dlPFC, bilateral 

IPC, left inferolateral temporal cortex and left parahippocampal gyrus (PHG). The vACC 

showed connectivity with PCC, mPFC, OFC, nucleus accumbens and hypothalamus (Greicius 

et al., 2003). Taken together the results showed the extensiveness of functional connectivity 

of the proposed DMN, especially considering the PCC connectivity map (Greicius et al., 

2003). During the visual condition the connectivity for the PCC and vACC was almost 

identical to the resting-state condition, supporting the notion that default mode activity is 

minimally suspended during passive sensory processing states. (Greicius et al., 2003). 

Even more support came in 2005 when Fox et al. further examined the anti-correlated 

areas proposed by previous studies. The resting-state functional connectivity is thought to be 

supported by spontaneous BOLD frequency fluctuations slower than 0.1 Hz (<0.1 Hz; Cordes 

et al., 2001; Fox et al., 2005).  

Fox et al. (2005) examined six predefined ROIs using fMRI, three of which were 

known to show task-related activations (increased activity) and three known to show task-

related deactivations (decreased activity) during cognitively demanding tasks. Ten 

participants were scanned three times in three different rest conditions, one with visual 

fixation, one with the eyes closed and one with the eyes open (low illumination and without 

visual fixation; Fox et al., 2005). The intraparietal sulcus (IPS), frontal eye field (FEF) of the 

precentral gyrus and middle temporal region were used as regions exhibiting task-positive 

correlations while the task-negative regions included the mPFC, PCC and lateral parietal 

cortex (LPC; Fox et al., 2005). The six seed regions were analysed independently and then 

combined by modified conjunction analysis. The results showed that the task-positive regions 
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were significantly anti-correlated with the task-negative ones, providing further support that 

the cognitive processes supported by the proposed DMN (a task-negative network) are 

different from the ones that are active during attention-demanding tasks (Fox et al., 2005). 

Fransson (2005) continued the work of Greicius et al. (2003) and examined functional 

connectivity in brain networks believed to sustain the resting-state.  

In total 13 participants underwent and finished fMRI scanning in a resting-state, 

instructed to keep their eyes closed or looking at a fixation cross and refraining from engaging 

in any cognitive task (Fransson, 2005). Low-frequency BOLD fluctuations could be seen 

across subjects in the mPFC/vACC, precuneus/PCC and dlPFC. The functional connectivity 

maps (synchronized temporal fluctuations) based on the precuneus/PCC as a seed region 

showed strong positive correlations with the mPFC and vACC in both conditions (eyes open 

vs. eyes closed). There was also a positive correlation with bilateral angular gyrus, bilateral 

anterolateral temporal cortex, bilateral PHG, thalamus and pons. In line with previous 

research, Fransson found areas that were negatively correlated with the precuneus/PCC, such 

as the dlPFC (Fransson, 2005). Interestingly Fransson mentions that spontaneous fluctuations 

in the fMRI signal were found predominantly in grey matter (Fransson, 2005). Fransson 

(2005) concludes that the data supports the idea of a DMN that supports internally generated 

processes during rest. But he also suggests that the DMN is not the only network during rest. 

When the DMN processes are interrupted, which happens constantly, the resting-state might 

switch to a more external mode of function that engages networks that support sensorimotor 

planning for the future in response to external cues (an extrospective mode; Fransson, 2005). 

In 2008 Long et al. examined the DMN as well as its’ anti-correlated network with 

fMRI. The anti-correlated network consists of the dlPFC, bilateral medial temporal cortex, 

bilateral parietal lobe, bilateral insula and supplementary motor area (SMA). Scans were 

obtained while the participants were in a resting-state and a multi-method approach was used 
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to comprehensively analyse the networks. 40 participants were divided into four groups of 10 

and were scanned using four different fMRI scanners (1,5 T Siemens, 3T Siemens, 1,5T GE, 

3T GE). Regional homogeneity (ReHo), functional connectivity analysis, group independent 

ICA and conjunction analysis was used. ReHo measures the temporal similarity of voxels in a 

cluster (Long et al., 2008). The ReHo analysis revealed that the DMN which included the 

precuneus/PCC, mPFC, bilateral inferior temporal cortex (ITC) and the bilateral angular 

gyrus showed higher ReHo in all four groups compared to the global mean (Long et al., 

2008). 

In line with previous research, the functional connectivity analysis supported the 

positive correlations between the mPFC, angular gyri, ITC and the PCC while the anti-

correlated network showed a negative correlation with the PCC. The ICA and conjunction 

analysis were also in line with previous research (Long et al., 2008). In conclusion, Long et 

al. (2008) showed significant support for the existence of the DMN and its anti-correlated 

counterpart using a multi-method approach (Long et al., 2008). 

Fransson and Marrelec (2008) further examined the DMN’s functional connectivity 

during a resting-state and a working memory task using fMRI. 17 participants underwent 

echo-planar imaging (EPI) and BOLD scanning sessions. ROIs included the precuneus, PCC, 

bilateral inferior parietal lobes (IPL), dorsal and ventral mPFC (dmPFC, vmPFC), bilateral 

temporal cortex, and bilateral medial temporal lobe (MTL). Using ICA and partial correlation 

analysis the results showed consistent activity in the precuneus, PCC, bilateral lateral 

temporal cortex, MTL, IPC as well as the dmPFC and vmPFC during the resting-state. The 

partial correlation analysis revealed that the precuneus/PCC region was the most central node 

in the DMN because it was the only node that directly interacted with the other regions, with 

the exception of the MTL. During the working memory task, there was a global decrease in 

functional interactivity within the DMN, but the overall structure was largely preserved. The 
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researchers concluded that the precuneus together with the PCC is a central hub in the DMN 

(Fransson & Marrelec, 2008). 

 

Diffusion Tensor Imaging and the Default Mode Network 

Functional connectivity is a useful tool but physical connections in the brain is even 

more interesting. Diffusion tensor imaging (DTI) is a non-invasive way to measure white 

matter pathways in the brain and was in 2009 utilized to see if the functional connectivity of 

the DMN also reflects structural connectivity. Previous studies in macaques have revealed 

tracts connecting the MTL with the PCC and tracts between the mPFC and PCC. On this 

basis, Greicius, Supekar, Menon and Dougherty (2009) conducted a functional connectivity 

fMRI and DTI study on 23 participants. Six participants underwent the fMRI condition which 

consisted of an 8-minute scan in the resting-state with eyes closed. They also underwent the 

DTI condition, along with the other 17 participants. Seed regions from the functional 

connectivity maps were used in the DTI paradigm. The DTI results revealed that in 22 of 23 

subjects, there were white matter tracts connecting the mPFC with the PCC. Connections 

between the PCC and MTL was evident in all 23 subjects (see Figure 3). No connections 

between the mPFC and MTL were found. Carefully, the researchers conclude that functional 

connectivity in the DMN also reflects structural connectivity (Greicius et al., 2009). 
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Figure 3. Functional and structural connectivity of the DMN. Image (a) represents functional 

connectivity of the DMN in six participants (sagittal and coronal view) and (b) DTI fiber 

tracts in one subject; the blue tract connects the PCC/RSC to the mPFC and the yellow tracts 

connect the medial temporal lobes to the PCC/RSC. Adapted from “Resting-State Functional 

Connectivity Reflects Structural Connectivity in the Default Mode Network” by Greicius et al., 2009, Cerebral 

Cortex, 19(1), p. 73. Copyright 2008 by Greicius et al. 

 

 

Anatomy and Functions of the Default Mode Network 

Over the years the DMN has been proposed to support many different aspects of 

cognitive processing, such as free-thinking, remembering the past, considering other peoples’ 

perspectives and envisioning future events (Buckner, Andrews-Hanna, & Schacter, 2008). 

Likewise, the DMN is hypothesized to consist of several core regions; the vmPFC, dmPFC, 

the PCC, the IPL and MTL (see Figure 4; Buckner et al., 2008; Leech & Sharp, 2014). But 

the core regions most often associated with the DMN are, without doubt, the PCC/precuneus 

and mPFC. 



The Role of the Default Mode Network in Internal Awareness

  22 

 

 

Figure 4. Structural fMRI image of the DMN in control participants. The (x = 4) image shows 

a medial view of the PCC/precuneus and mPFC. Adapted from “Default network connectivity reflects 

the level of consciousness in non-communicative brain-damaged patients” by Vanhaudenhuyse et al., 2010, 

Brain, 133(1), p. 166. Copyright 2009 by Vanhaudenhuyse et al. 

 

Precuneus 

The precuneus is often mentioned in DMN contexts and refers to the posterior region 

of the medial parietal cortex, or the mesial part of Brodmann’s area (BA) 7 (Cavanna & 

Trimble, 2006). The precuneus is well hidden in the interhemispheric fissure, surrounded by 

the sagittal sinus and is one of the last regions to myelinate during development. It has 

become increasingly complex during primate evolution and is larger in humans compared 

with non-human primates. But overall, the posteromedial part of the parietal lobe in apes 

closely resembles that of humans (Cavanna & Trimble, 2006). The region has reciprocal 

corticocortical connections with nearby areas, such as the PCC and retrosplenial cortices 

(RSC). The connections are bilateral and connect the two hemispheres. The precuneus also 

has connections with the IPS, inferior and superior parietal lobules as well as the caudal 

parietal operculum. The precuneus is strongly connected with the PFC. The area is rarely 

affected by injury and so lesion studies of both humans and non-human primates have had 

difficulty in identifying a specific cognitive function (Cavanna & Trimble, 2006). 

Based on previous studies we know that the precuneus belongs to the associative 

cortices. They, in turn, are known to integrate external and self-generated information, 
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contributing to the mental activities mainly seen in humans. Different aspects of episodic 

memory retrieval seem to be dependent on distinct regions in the precuneus. The posterior 

part is associated with successful retrieval of remembered episodes while the anterior part has 

increased regional cerebral blood flow (rCBF) during a retrieval mode (i.e. polymodal 

imagery), evidencing that there exists functional segregation (Cavanna & Trimble, 2006). 

Interesting to note about the precuneus is that it has approximately 35% higher rate of 

glucose consumption compared with other areas in the human cerebral cortex, giving us a hint 

that it is an area worth studying (Cavanna & Trimble, 2006). In altered states of 

consciousness such as slow-wave sleep (SWS), rapid-eye movement (REM) sleep, general 

anaesthesia and persistent vegetative state, the precuneus and the adjacent posteromedial 

cortical regions have strong deactivations, suggesting that they might be important for 

consciousness (Cavanna & Trimble, 2006). Taken together, the precuneus and posteromedial 

parietal cortex can be thought to contribute to a neural network that serves self-awareness and 

conscious experience (Cavanna & Trimble, 2006). 

 

Posterior Cingulate Cortex 

The PCC is regularly mentioned together with the precuneus to be a core region in the 

DMN (Leech & Sharp, 2014). It is situated in the medial IPL but lies within the posteromedial 

cortex; it consists of BA 23 and 31. The precuneus (BA 7) and RSC (BA 29 and 30) are also a 

part of the posteromedial cortex. The PCC is highly anatomically connected with other 

regions and has a high metabolic rate together with the precuneus (Leech & Sharp, 2014). 

The RSC and ventral PCC has structural connections with the MTL, while the more 

dorsal PCC has connections to vmPFC. The structural connectivity of the PCC closely 

matches its functional connectivity (Leech & Sharp, 2014). It has high levels of metabolism in 

the fully conscious state, coupled with lower metabolism and connectivity in various altered 
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states of consciousness, similar to the precuneus. Because of this, one can assume that the 

PCC also is important for arousal and awareness, the two main components of consciousness 

(Leech & Sharp, 2014). 

Though the PCC is heavily related to the DMN, the dorsal PCC also seems to play a 

part in other networks, such as the dorsal attention network (top-down control of visual 

attention and eye movements) and the fronto-parietal control network (FPCN; executive 

control). It seems like the PCC may be responsible for the mechanism that enables us to 

switch between internal and external modes of attention as well as maintaining a vigilant 

attentional state that is responsible for noticing changes in our environment. The dorsal PCC 

activity seems to fluctuate in tandem with the dorsal attention network and FPCN, while the 

ventral PCC shows increased connectivity with the DMN during internally focused states 

(such as rest). The dominant theory about the PCC’s importance is its involvement in 

internally directed thought. Studies have shown that there is increased brain activity in the 

PCC in individuals that daydream a lot, and when our thoughts are directed internally, like 

when we retrieve autobiographical memories (think about memories about ourselves) and 

when we’re planning the future (Leech & Sharp, 2014). 

 

Prefrontal Cortex 

The mPFC has previously been thought to support a large number of functions, ranging 

from social to affective to cognitive. To appropriately use the mPFC as a region concerning 

the DMN one might need to break the mPFC down into its smaller subsystems and thus 

provide a clearer picture of the functions supported (Lieberman, Straccia, Meyer, Du, & Tan, 

2019). 

In a 2019 meta-analysis the mPFC was figuratively taken apart and reviewed 

(Lieberman et al., 2019). The functions the researchers looked at were categorized into five 
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groups; social cognition, self, value, emotional experience and mental time travel. Social 

cognition was defined as the ability to perceive and understand other’s feelings, thoughts and 

motivations as well as creating enduring mental models for others (i.e. their psychological 

characteristics). Processes related to the self included self-concepts and self-reflections. Self-

concept can be further divided into self-reference, self-knowledge and autobiographical 

memory while self-reflection is coupled with introspective thoughts and metacognition. Value 

simply refers to our tastes and priorities for both material and immaterial things. 

Neuroscience’s study of value regards how we choose between options, the anticipation of 

rewards and received rewards. Emotional experience was defined as responses to emotion 

inductions. Mental time travel included autobiographical and episodic memory, episodic 

memory retrieval and mental time travel that is otherwise disconnected from episodic memory 

(Lieberman et al., 2019). 

The subsystems believed to exist were the dmPFC, vmPFC and anteromedial PFC 

(amPFC; see Figure 5). The dmPFC makes up the medial portions of BA 9, the amPFC the 

medial aspect of BA 10 and the vmPFC the medial part of BA 11.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Midsagittal image of the medial prefrontal cortex (mPFC). Adapted from “Social, self, 

(situational), and affective processes in medial prefrontal cortex (MPFC): Causal, multivariate, and reverse 

inference evidence” by Lieberman et al., 2019, Neuroscience and Biobehavioral Reviews, 99, p. 312. Copyright 

2019 by Elsevier Ltd. 
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Using information from lesion studies, transcranial magnetic stimulation, multivariate 

pattern analysis and Neurosynth analysis the three subsystems were extensively mapped and 

processed. The summarized results showed that the dmPFC clearly and consistently was 

activated in relation to social cognition, with a cluster in the vmPFC. The amPFC was 

implicated in self-processes. The vmPFC was related to values along with the amPFC. All 

three seemed linked when it came to emotional experiences, and the amPFC and dorsal 

vmPFC were consistently implicated in mental time-travel tasks (Lieberman et al., 2019). 

 

Other Regions of the Default Mode Network 

Medial temporal lobes. The DMN is often noted to have connections to the MTLs. 

The MTLs are well known to consist of the hippocampus, the entorhinal, perirhinal and 

parahippocampal cortices. The entorhinal, perirhinal and parahippocampal cortices make up 

most of the PHG. The MTL system is responsible for conscious memory of facts and events, 

often called declarative or explicit memory. Lesions in the MTLs cause profound 

forgetfulness (Squire, Stark, & Clark, 2004). 

The MTLs connection to the DMN have previously been thought to be sustained by the 

hippocampus, but research from 2014 argues against this view. Ward et al. (2014) proposed 

that the PHG has more functional connectivity to nodes in the DMN compared with the 

hippocampus. 31 young adults, all healthy, underwent fMRI during a resting-state and a 

memory task paradigm. The results from the resting-state analysis showed that the MTL was 

connected to the PCC, with the PHG having the most significant connectivity. The results did 

not show relevant direct connectivity between the PCC and the hippocampus (Ward et al., 

2014). The results from the task paradigm indicated activity peaks in the hippocampus, while 

no activity was found in the PHG. To examine why this happened the researchers compared 

their results with activation likelihood estimation (ALE) maps from 74 other fMRI studies 
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that used a memory approach. Ward et al.’s results showed that a large area of the posterior 

hippocampus was activated, that was not significantly activated in the meta-analysis. While 

the other MTL activations were similar to the ALE-maps and had overlap, the abnormal 

activity seen from the hippocampus could be explained by a possible structure shift, a result 

of the nature of the task and was therefore dismissed (Ward et al., 2014). 

Further analysis of the task and resting-state locations granted more insight. The 

location of the task activations in the MTL was different from the PCC connectivity peaks 

within the MTL. The MTL activity peaks corresponded to the hippocampus while the PCC 

peaks during rest corresponded to the PHG. To examine the functional/anatomic boundary 

between the PHG and the hippocampus the researchers looked at the spatial overlap between 

task and rest in the MTL and evaluated the contribution of task-evoked activity and resting-

state connectivity in the MTL. They found an anatomic dissociation between task activity and 

rest connectivity. They also computed whole-brain seed-based correlation maps. They showed 

that there is no difference in connectivity to cortical DMN nodes within the hippocampus, but 

there was a difference in connectivity to DMN nodes between the hippocampus and the PHG. 

To test if the PHG mediates the relationship between the DMN and hippocampus, they used 

partial correlations for each subject and tested the correlation values. Interpreting all these 

different analyses together, the final result showed that the connection between the PCC and 

hippocampus is indirect and mediated by the PHG, meaning that the PHG can be considered 

as a major node in the DMN. In the discussion, the researchers conclude that while the 

hippocampus isn’t functionally connected to the major nodes in the DMN during rest, it is 

part of a functional subnetwork that interface with the DMN by mediation through the PHG. 

Important to note is that connectivity has been shown to be dynamic during resting-state scans 

and is probably due to spontaneous memory processes, which could reflect a coupling and 

decoupling of the MTL memory system and the DMN. From a clinical perspective, there is a 
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possibility that damage to the PHG may be responsible for the disconnection between the 

hippocampus and DMN in Alzheimer’s disease, and could therefore be used as a biomarker of 

early disease-related network dysfunction (Ward et al., 2014). 

However, this view has recently been challenged. A study by Kaboodvand, Bäckman, 

Nyberg and Salami (2018) suggests that it is the RSC (BA 30) that is responsible as the 

critical hub between the MTL and DMN. As a part of the Cognition, Brain, and Aging Project 

(COBRA) they conducted an episodic memory study using fMRI. 183 healthy adults, ranging 

from 64 to 68 years old, underwent resting-state fMRI and cognitive tests that assessed word 

recall, number-word recall and object-position recall. ICA, multilevel mediational analysis 

and graph-theory analysis were applied. The resting-state analysis revealed stronger 

internetwork connectivity between the MTL and RSC, compared with MTL connectivity to 

the posterior DMN (in this case the PCC). This gained further support by the results from the 

cognitive tasks. Overall, the study concludes that the RSC mediates the functional 

connectivity between the MTL and the DMN. Interestingly, they mention the study by Ward 

et al. (2014) and acknowledge that while their results did not indicate the PHG directly as a 

mediator of connectivity between MTL and DMN, they suggest that the PHG and RSC may 

be sequential interfaces between the hippocampus and DMN, or that the discrepancy arose as 

a result from the differences in methodology used (Kaboodvand et al., 2018). 

Anterior cingulate cortex. While the PCC without a doubt is mentioned with regards 

to the DMN more often, the ACC also finds its way into the literature on occasion. The ACC 

can be separated from the PCC on three different bases; function, projection patterns and 

cytoarchitecture (Bush, Luu, & Posner, 2000). The ACC can be divided into two subdivisions, 

a dorsal cognitive part (dACC) and a rostral-ventral affective part (vACC). The dACC is part 

of an attentional network with strong reciprocal interconnections to the lateral PFC, parietal 

cortex, premotor and SMA. The vACC is mostly connected to the amygdala, nucleus 
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accumbens, periaqueductal gray, thalamus, insula, hippocampus and OFC. In general, it’s 

responsible for assessing emotional and motivation information as well as regulation of 

emotional responses. ACC lesions can result in apathy, akinetic mutism, emotional instability, 

inattention and dysregulation of autonomic functions (Bush et al., 2000).  

Inferior parietal lobes and temporoparietal junction. Regularly considered as DMN 

members, the IPL and the temporoparietal junction (TPJ) are largely expanded in humans 

compared with primates, while at the same time, they are some of the least understood regions 

in the human brain. There is inherent difficulty to summarize their appearance in scientific 

literature due to a lacking consensus regarding anatomical boundaries and precise location 

(Igelström & Graziano, 2017). Overall, the IPL includes the overlapping TPJ. The IPL spans 

two major gyri: the angular gyrus (BA 39) and the supramarginal gyrus (BA 40). The superior 

temporal sulcus (STS) extends into the IPL. The TPJ is roughly defined as the region where 

the IPL meets the superior temporal lobe. It cannot be associated with any objective 

landmarks. Due to the difficulty in defining the TPJ, other regions are often used instead of, 

or synonymously with TPJ, such as the IPL, ventral parietal cortex, angular gyrus, 

supramarginal gyrus, posterior STS and LPC. And while the TPJ and IPL overlap, they are 

not synonymous with each other (Igelström & Graziano, 2017). Resting-state fMRI has found 

support for the existence of around four to six subdivisions (in each hemisphere) for the 

IPL/TPJ. It is believed that each subdivision is a network node in differentiated brain-wide 

networks (Igelström & Graziano, 2017). 

Research indicates that the DMN has two network hubs in the IPL/TPJ region. A 

subdivision of the TPJ, the TPJp, was consistent with the previously reported dmPFC 

subsystem (dmPFC, lateral temporal cortex and temporal poles), while the other subsystem 

(the MTL subsystem; vmPFC, posterior midline and MTL) was consistent with this study’s 

posterior angular gyrus subdivision. The MTL subsystem is engaged when a person is asked 
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about autobiographical events while the dmPFC system is activated when we make 

judgements about our present situation. The IPL/TPJ have been associated with self-

perception (integration of internal and external bodily information) and agency (subjective 

experience of causing one’s own actions). These observations stem from research about out-

of-body experiences. Lesions, seizures and electrical stimulation in the IPL/TPJ can cause a 

“mismatch” between one’s sense of self and the physical location of one’s body, especially in 

the right hemisphere. However, the IPL/TPJ appears to not be involved in generating a 

conscious reflection about who caused an action, and the function is therefore considered as 

lower-order processing (Igelström & Graziano, 2017). 

The IPL/TPJ activation (along with other nodes in the DMN) seen during mind-

wandering (thoughts with stimulus-independent content), episodic and autobiographical 

memory retrieval may be related to a coupling of the FPCN and DMN, as well as a coupling 

between the MTL system and the DMN. Lesions in the IPL/TPJ and other DMN regions can 

cause impairments of autobiographical memory. Exactly how the IPL/TPJ is connected to 

memory is unclear, and while there are some hypotheses they are beyond the scope of this 

thesis (Igelström & Graziano, 2017). 

The IPL/TPJ is thought to be a major domain regarding social cognition, especially in 

false/true belief paradigms. The region is activated when we perform social attribution of 

temporary beliefs to other people. The IPL/TPJ activations are accompanied by activations in 

the MPFC and precuneus, indicating a possibility that these three areas constitute a theory-of-

mind network (Igelström & Graziano, 2017). 

 

Default Mode Network and Consciousness 

In a review from 2005, Vogt and Laureys present their hypothesis that the PCC, 

precuneus and RSC are critical components of the neural network correlates of consciousness 
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(NNCC). As we know by now, the PCC, precuneus and RSC reliably form a part of the 

DMN. 

Vogt and Laureys’ (2005) find the support for their hypothesis by referring to a large 

amount of different studies, such as post-mortem assessment of lesions, epilepsy and stroke; 

studies of the vegetative state, functional imaging in amnesia, sleep, epilepsy, general 

anaesthesia and sensorimotor task-paradigms. The results from these studies (as referenced by 

Vogt and Laureys) include differences between the anterior and posterior cingulate during 

epilepsy, where abnormal discharges in the PCC slowly spread to superior frontal areas which 

is associated with a loss of consciousness. They summarize research that shows that in 

healthy people there is high glucose metabolism in the PCC and RSC, and that the PCC and 

RSC are critical links between the brainstem arousal system. They refer to a study that found 

that cortical mechanisms of conscious awareness and regional cerebral metabolic rates of 

glucose (rCMRGlu) activity is reduced in the PFC, PCC, precuneus and possibly the RSC, in 

the vegetative state. Even more evidence mentioned by Vogt and Laureys stems from the 

reduced rCBF in the PCC and PFC during REM sleep as well as in the preceding stages of 

sleep. They list studies where a progressive decrease in precuneus/PCC activity with the 

deepening of sedation results in a profound loss of consciousness, which is completely 

restored when returning to consciousness. They explain how the PCC and precuneus are 

impacted by low doses of several anaesthetics (propofol, halothane, fentanyl) and how the 

PCC likely has a major role in self-reflection and conscious awareness because it’s engaged in 

visuospatial orientation, topokinesis (spatial memory), navigation of the body in space, and 

possibly even self-reflection and autobiographical memory. They highlight that the precuneus 

has been found to be involved in intentional self-processing and lastly, Vogt and Laureys 

refer to a study which saw deactivation of the PCC/precuneus when engaging in complex 

cognitive and sensory information processing tasks. Taken together, Vogt and Laureys 
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present a lot of studies that support their hypothesis that the PCC, precuneus and RSC are 

important when talking about all aspects of consciousness (Vogt & Laureys, 2005). 

 

Default Mode Network and Aspects of Internal Awareness 

The DMN and internal awareness seem to support many different cognitive functions. 

One of them is social cognition. To say that we are social animals is an understatement. An 

integral part of being a fully conscious human (i.e. being self-aware and internally aware) is 

the realization that others around you also have a sense of self, and one can guess how they 

are feeling and what they are likely to do. The DMN has been linked to these functions (Li, 

Mai, & Liu, 2014). 

Social cognition. Li et al. (2014) has written a review article about how DMN regions 

interact during social tasks, and how the DMN interacts with other brain systems that 

contribute to social cognition. One can summarize DMN research and say that three kinds of 

activity patterns have been found, by using functional imaging such as PET and fMRI. One 

pattern is that activity is consistently decreased when subjects engage in goal-directed tasks 

(compared to control states). Another is that during resting-states there is high intrinsic 

activity in the DMN, and the last pattern is that there is a striking overlap between the DMN 

and regions that are activated in cognitive social tasks (Li et al., 2014). These patterns are 

believed to belong to specialized functions that are organized into subsystems that converge 

on hubs (i.e. clusters). There is no general consensus of exactly which regions belong to 

which subsystem and different researchers suggest different subsystems.  

Emotion perception. Looking at previously conducted research, Li et al. (2014) tell us 

that functional connectivity studies in emotion perception demonstrate that the vmPFC is 

associated with successful regulation of human’s emotional perception and responses. 
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Emotion is crucial for social cognition; it offers us ways to perceive and interpret other 

people’s emotional status which enables us to live peacefully in groups (Li et al., 2014). 

Empathy. Empathy refers to the ability to generate an isomorphic affective state which 

enables us to understand another person’s condition (or emotional state). This state may be a 

result of a coupling between three different neural systems which inevitably makes it more 

difficult to study. The mirror neuron system, an affective empathy system in the anterior 

insula and midcingulate cortex, as well as a cognitive empathy system that, to some extent, 

overlap with the DMN, are believed to enable us to feel empathy. The affective and cognitive 

empathy systems are linked by the vmPFC. Functional connectivity in empathy research 

emphasizes the vmPFC and its connection to the amygdala and insula as enabling an 

empathetic state, but the amPFC is also strongly implicated. However, the amPFC is probably 

mainly in charge of the distinctions made between the self and others. Some suggest that the 

dmPFC also have a role in empathy, it is suggested that it contributes to the recognition of 

other humans’ mental states (Li et al., 2014). 

Theory of mind. ToM is an ability to predict, interpret and explain another person’s 

behaviour (Li et al., 2014). This is done by attributing cognitive and affective mental states to 

others. Mental states in this framework include emotions, desires, intentions and beliefs. 

Results from ToM research indicate that some part of the mPFC is recruited, depending on the 

experimental setup and analyses. The dmPFC, TPJ, amPFC and vmPFC have all been related 

in one way or another to ToM tasks (Li et al., 2014). ToM requires three basic processes: the 

ability to represent cognitive and affective mental states, attributing them to others and 

applying this knowledge to correctly comprehend and forecast the behaviour of other people 

(Li et al., 2014). It is possible however that ToM requires one more thing: the ability to self-

project. Self-projections mean that we can imagine ourselves in the same situation as another 

person, and therefore use or own experience to simulate and understand the mind of that 



The Role of the Default Mode Network in Internal Awareness

  34 

 

person. This, in turn, requires that we are self-aware. If we are not aware that we are a “self”, 

separated from others, then ToM is not functional (Li et al., 2014). Many species can predict 

the goals of their kin, but it might be the case that only humans and maybe some other 

primates can separate one’s own mental perspective from that of others. ToM is therefore 

often considered as a higher-order cognitive function and the abilities related to ToM can in 

many ways be correlated with cognitive functions required to be fully conscious (awake, 

externally and internally aware; Li et al., 2014). 

Morality. One of the most complex social behaviours we have is moral judgement. It 

involves abilities such as distinguishing between the self and others, integration of social 

norms, computing goal-directed actions, inferring intentional states in others and the ability to 

show empathy to others (Li et al., 2014). The complexity of morality is also seen in the 

functional connectivity research. Though studying morality has been slow, tasks in 

experimental settings seem to activate a wide variety of regions in the human brain. Among 

them are the ACC, TPJ, vmPFC and dlPFC. This is a network that is quite similar to the 

DMN (Li et al., 2014). In conclusion, when looking at ToM, morality, empathy and emotion 

perception as a whole, the mPFC seems to be very important for our social understanding of 

others, and the different subregions of the mPFC are responsible for distinct processes. Since 

the mPFC is considered to be a major part of the DMN, one can correlate social cognitive 

abilities as being, at least in part, dependent on the DMN (Li et al., 2014). 

Autobiographical memories. Continuing down the lane of social cognition, Fuentes-

Claramonte et al. (2019) conducted an experimental fMRI study to compare activation 

patterns in the DMN by using three different conditions. 36 participants with mean age ≈ 41 

years participated in the study. The study had three tasks, one about autobiographical recall, 

one about self/other-reflection and an n-back working memory task. In the autobiographical 

memory task a direct comparison was made between a condition where a memory was 
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evoked, and a control condition when there was no evoked memory. Stimuli to trigger the 

memories were personalized for each participant by prior Autobiographical Memory 

Interview (AMI) (Fuentes-Claramonte et al., 2019). The self-reflection task consisted of a 

self-other judgement task that was also personalized. The participants, while in the fMRI 

scanner, were presented with statements about either themselves or an a priori decided 

acquaintance, with the control condition being general knowledge. The statements required 

true or false answers by button press. The n-back task utilized letters and two levels of 

memory load in a block design. All the tasks were conducted during the same fMRI session 

and in the same order (n-back, autobiographical and self/other). The image analysis included 

ROI for the DMN (Fuentes-Claramonte et al., 2019).  

The autobiographical memory task, compared with the control task, showed extensive 

activation in the mPFC and PCC together with the left angular gyrus and bilateral MTL, 

including the hippocampus and parahippocampus. Increased activity was also found in the 

ventrolateral PFC (vlPFC) and dlPFC together with the temporal poles and cerebellum. The 

self-reflection task highlighted similar activation maps for the self and other condition, 

compared with the general knowledge condition. Both the self and other condition activated 

the mPFC, frontal pole, bilateral middle temporal gyrus, temporal poles, left angular gyrus, 

PCC, precuneus and mid-cingulate cortex. The n-back task caused deactivation in the mPFC, 

MTL, hippocampus, superior temporal gyrus, PCC, precuneus and bilateral temporal poles. 

Each activated region was compared with baseline levels in each task condition. The 

researchers further analysed the data by creating overlap activation maps (Fuentes-

Claramonte et al., 2019).  

In conclusion, the results can be summarized to say that the mPFC and PCC were 

activated by the autobiographical memory triggers, and in the self-reflection condition, but 

deactivated by the n-back task. Evidence for the MTL/hippocampus subsystem was also 
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apparent and linked to autobiographical memory. These results support the notion that the 

DMN is involved in active mental states (such as when we process self-related information) 

and may be the main supporter of self-generated thoughts (Fuentes-Claramonte et al., 2019). 

Mind-wandering. Another aspect of our conscious mental (internal) life is the fact that 

our thoughts tend to wander, whether we want them to or not. When mind-wandering, our 

thoughts does not remain on one topic for extended periods of time, as can be seen in 

daydreaming. In scientific terms, mind-wandering is often called stimulus-independent 

thoughts (SITS; Mason et al., 2007). Since different individuals have tendencies to produce 

more or less SITS, a team of scientists (Mason et al., 2007) proposed the hypothesis that if the 

DMN is correlated with mind-wandering, then the magnitude of neural activity should 

correlate with an individual’s proclivity to generate SITS. In other words, people that report 

that they frequently mind-wander should exhibit a higher degree of activity in the DMN when 

they are performing cognitive tasks that are associated with high levels of SITS (Mason et al., 

2007). In the study, participants were trained on verbal and visuospatial working memory 

tasks day 1-4. This would allow them to learn the task, thus it would require less attention and 

concentration, enabling them to mind-wander even while performing the task. On day 4 the 

SITS of the participants were sampled, and the tasks varied by block type. The tasks had 

either been practised or were novel to the participant. The participants reported a greater 

number of SITS during the baseline block when they were in a resting-state, compared to the 

practised and novel blocks. Comparing the practised and novel blocks witch each other, 

participants reported a greater proportion of SITS during the practised blocks than during the 

novel blocks (Mason et al., 2007). On day 5 the researchers performed functional imaging. 

The DMN was functionally defined by comparing BOLD responses associated with baseline 

periods (resting state) to the response associated with the task periods. The comparison 

showed greater recruitment of the DMN during rest (Mason et al., 2007). Then they compared 
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the activity from the practice blocks (that had a high incidence of SITS) with the activity seen 

in the novel blocks (low SITS). The DMN was more activate during high-incidence SITS 

periods. There was no part of the DMN that was more active during the low-incidence SITS 

periods (Mason et al., 2007). To determine if this DMN activity was related to mind-

wandering, voxel correlations were conducted by using the participants’ standardized score on 

the daydream frequency scale (Imaginal Processes Inventory, IPI). The scores were analysed 

together with practised and novel contrast images. The results revealed a positive relationship 

between the frequency of mind-wandering and the BOLD signal changes observed when 

participants performed either practised or novel blocks (Mason et al., 2007). The researchers’ 

conclusion was then that mind-wandering may constitute a psychological baseline state that 

happens when the brain is unoccupied, and this function is supported by DMN activity. This 

conclusion is further supported by previous research that has shown that damage to parts of 

the DMN, like the MPFC, is associated with “mental emptiness” and absence of spontaneous 

thoughts and speech (Damasio & Van Hoesen, 1983, as cited in Mason et al., 2007). 

External versus internal awareness. As mentioned earlier, consciousness can be said 

to have two components: wakefulness/arousal and awareness. Wakefulness/arousal refers to 

our level of vigilance or alertness (consciousness) and is dependent on the brainstem, reticular 

formation and connections to the thalamus (Damasio & Meyer, 2009). Awareness consists of 

the content of consciousness and is related to a widespread network of fronto-parietal 

associative areas (Demertzi et al., 2013; Di Perri et al., 2014; Laureys, 2005). Arousal and 

awareness are linearly correlated with each other. In healthy people, when arousal is lowered, 

so is our awareness (Vanhaudenhuyse et al., 2011). There are exceptions to this, such as when 

we are dreaming while we sleep, which is why it’s important to remember that consciousness 

is complex and exists on a continuum.  
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External awareness is said to consists of the awareness of our environment, the 

conscious perception facilitated by sensory modalities. Internal awareness is defined as 

encompassing mental processes that do not require external stimuli or sensory input. 

With this in mind, Vanhaudenhuyse et al. (2011) conducted a study which consisted of 

two parts. The first was a behavioural experiment with 31 participants. In an eyes-closed 

resting condition, the attendees scored their external and internal awareness levels by pressing 

a button when an auditory prompt asked them to do so. The score ranged from zero to three (0 

= absent, 1 = mild, 2 = moderate, 3 = maximal). Then, 22 subjects partook in an fMRI session 

that tried to pinpoint the external and internal awareness intensity (by using the scores 

previously collected) with changes in BOLD activity (Vanhaudenhuyse et al., 2011). While 

the researcher stresses that there seem to exist substantial variability at the individual level, 

the results from the behavioural experiment displayed a negative correlation between external 

and internal awareness scores in nearly 80% of the subjects. They also noticed shifting from 

external to internal awareness and back, on average, every 20 seconds (Vanhaudenhuyse et 

al., 2011). In the fMRI experiment, the reports of strong external awareness correlated with 

brain activity in lateral fronto-parietal areas (IPL and dlPFC) while internal awareness reports 

correlated with activity in medial brain areas (ACC, PCC, precuneus and parahippocampal 

cortices; Vanhaudenhuyse et al., 2011). In conclusion, while these correlations cannot be used 

as causal evidence that the DMN generates internal awareness, there is no denying that the 

different types of awareness likely are supported by two different networks (Vanhaudenhuyse 

et al., 2011). 

Self-awareness. A large part of internal awareness functions seems to be dependent on 

our ability to perceive a self. Gruberger et al. (2015) conducted a transcranial magnetic 

stimulation (TMS) study to see if the sense of self could be disrupted. TMS is a non-invasive 

method where magnetic pulses are briefly applied to the brain. The pulses induce an electric 
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field in the tissue, and when the field is above a certain threshold and is directed in an 

appropriate orientation relative to the brain’s neural pathways, the field causes localized 

axonal depolarizations (or hyperpolarization). The polarizations modify the underlying neural 

activity (Gruberger et al., 2015). Since the mPFC have previously been linked to self-

referential processing, disruption in the mPFC may result in alteration in the sense of self 

(Gruberger et al., 2015). Different kinds of TMS exist, but in this study a deep TMS coil 

(dTMS, H-coil) was used, allowing relatively deep stimulation. The coil induces a ‘functional 

lesion’ that can last up to several minutes after the TMS has ended. 55 participants received 

repetitive dTMS, sham TMS and standard repetitive TMS over the PFC. The participants 

were either in a rest condition or a task condition, both conditions lasted for 2 minutes. 

Participants were tested using a word-recognition measure of self-awareness (Eichstaedt & 

Silvia, 2003; as referenced by Gruberger et al., 2015), Situational Self-Awareness Scale 

(SSAS; Govern & Marsch, 2001; as referenced by Gruberger et al., 2015) and State Scale of 

Dissociation (SSD; Kruger & Mace, 2002; as referenced by Gruberger et al., 2015). Subjects 

were randomly assigned to one of the three types of TMS (dTMS, standard or sham). The 

subjects were not aware of the type of TMS they received. Before the TMS session, they 

completed all three of the questionnaires. Lastly, they were allowed to freely describe their 

feelings in writing and answering a forced-choice question about whether they thought they 

received real or sham TMS. The internal-related subscale scores of the SSAS questionnaire 

revealed a significant coil/state interaction. The group that received dTMS followed by rest 

had reduced internal-related self-awareness compared to sham or standard TMS followed by 

rest. This groups’ rating was also lower than those who received dTMS followed by a task 

(Gruberger et al., 2015). The other subscales of the SSAS, ‘surrounding’ and ‘public’ self-

awareness were not significantly affected by the kind of coil or condition. This indicates that 

the effect of dTMS over the PFC was specific to circuitry associated with rest and internal-
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related self-awareness. The SSD scale also interacted with the coil and condition. dTMS 

followed by rest increased dissociation scores. The Word Recognition Measure showed that 

recognition of self-related words was facilitated by rest under all TMS conditions. Correlation 

analysis between scores on the internal-related SSAS and SSD concluded that the two 

measurements were mildly negatively correlated (r = -.36, p = .014). This means that these 

two questionnaires do not measure the same psychological phenomena, therefore, their co-

occurrence in the dTMS + rest condition group reflects two separate psychological effects. In 

the discussion, researchers conclude that self-related thoughts are correlated with resting-

states and that dTMS over the PFC followed by a resting condition resulted in an explicit 

unusual sensation and feeling of dissociation, as per the participants’ free reports and 

questionnaire scores. This study is one of the first studies that offer novel insight towards a 

relation between rest-related neural activity and the sense of self (Gruberger et al., 2015). 

While the main focus of the TMS study was trying to interrupt the sense of self, 

research based on the activity seen in the resting-state has long struggled with the subjective 

experiences of the participants in that state. To overcome this, Fernyhough, Alderson-Day, 

Hurlburt and Kühn (2018) used Descriptive Experience Sampling (DES) to assess the internal 

experience of participants and how it varies between internal, external and multiple 

simultaneous experiences (streams). DES is an iterative procedure where participants develop 

expertise in responding to random beeps. The beep is a cue to note the experience that was 

ongoing immediately before and then exploring those moments of experience in detail with an 

investigator. DES can be used together with fMRI (Fernyhough et al., 2018). In this study, 5 

participants were trained in DES and beeped four times during a 25-minute resting-state fMRI 

scan, nine times each. In total, 180 detailed descriptions of experiences were collected from 

quasi-randomly selected “beep” moments. The article is a re-analysis of a previous dataset, 

this time focusing explicitly on external vs internal experiences as sampled by DES by using 
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two different approaches. Because the analysis was extensive, only the main conclusion will 

be reported here. One analysis was conducted by only using experience samples that the 

investigators unanimously deemed either external or internal. The second analysis focused on 

the experiences that were not purely internal or external, instead considered as “multiple 

streams”, but will not be further mentioned here. Whole-brain analysis and ROI analysis were 

conducted (Fernyhough et al., 2018). In one of the analyses, using experiences that were 

confidently rated as either internal or external, internal experiences activated the bilateral 

dmPFC, precuneus and left parietal cortex. The reverse contrast (external > internal) yielded 

no results. Taken together, the researchers saw that the regions that correlated with internal 

experience were all part of the DMN (Fernyhough et al., 2018). 

 

Disorders of Consciousness 

If we return to what consciousness means in clinical terms, it’s divided into 

wakefulness and awareness. Generally, wakefulness precipitates awareness. If our arousal 

increases, so do our awareness (Vanhaudenhuyse et al., 2011). While wakefulness and 

awareness are linearly correlated, injury to the brain can cause dissociations between the two 

(see Figure 2). These dissociations as a result of injury are what we call disorders of 

consciousness (DOC). DOC includes coma, vegetative state (VS), minimally conscious state 

(MCS) and locked-in syndrome (LIS; Di Perri et al., 2014). Comatose patients are deemed 

unconscious because they cannot be awakened even after intense stimulation. Contrary to 

what movies and media want us to believe, people are rarely comatose for longer than a 

couple of weeks following the event that caused the coma (Demertzi et al., 2013). Comatose 

patients can in some cases recover near-normal functions in the wakefulness network (the 

brainstem) but still show no signs of awareness (i.e. no responsiveness). This is called the VS 

or unresponsive wakefulness syndrome (UWS; Laureys et al., 2010). VS/UWS patients can 
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breathe spontaneously without artificial aid and move to a larger extent than what is seen in a 

coma. Depending on the recovery progress, spontaneous or stimulus-induced eye-opening 

may be present, as well as blinking, withdrawal from noxious stimulation, grasping, oral 

reflexes and even vocalizations. The difficulty is to determine whether these behaviours are 

reflexes or voluntary (intentional) behaviour (Demertzi et al., 2013; Guldenmund, 

Vanhaudenhuyse, Boly, Laureys, & Soddu, 2012). VS/UWS patients may evolve into the 

MCS. MCS is defined by inconsistent and small, but reproducible, signs of awareness. While 

there is no functional communication or use of objects, the MCS can be further categorized 

into MCS- and MCS+. MCS- only show simple non-reflex movements like pain orientation, 

visual pursuit or smiling, while in MCS+ patients may be able to follow simple commands 

(e.g. move your hand; Demertzi et al., 2013; Di Perri et al., 2014; Guldenmund et al., 2012). 

Patients in LIS are fully conscious and aware but are completely paralysed and may only be 

able to use eye movements to communicate (Guldenmund et al., 2012).  

 

Default Mode Network and Disorders of Consciousness 

In 2010 Vanhaudenhuyse et. al used fMRI to see if default network connectivity 

reflects the level of consciousness in brain-damaged patients (Vanhaudenhuyse et al., 2010). 

Vanhaudenhuyse et al. (2010) measured the level of consciousness by using standardized 

behavioural scales which implicates that they ”only” measured responsiveness and 

wakefulness. Nonetheless, their results will be interpreted, in this thesis, as if they measured 

all three aspects of consciousness considering that responsiveness is dependent on both 

wakefulness, external and internal awareness networks. 

14 DOC patients (1 LIS, 4 MCS, 4 VS and 5 coma) were compared with 14 age-

matched healthy controls. A 10-minute resting-state fMRI scan was conducted; no sedation 

was used. In the healthy controls, the DMN was identified as the PCC, precuneus, TPJ, 
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mPFC, PHG, superior frontal sulci and thalamus. In the DOC patients the connectivity 

strength in these areas showed a significant correlation with the level of consciousness. The 

PCC/precuneus was the peak area of the correlation and the connectivity in the 

PCC/precuneus differentiated the minimally conscious patients from the VS/coma patients. 

While the DMN could still be identified in the unconscious patients, the connectivity strength 

within the network could be a reliable indicator of the level of consciousness in a DOC 

patient. Because of this, it has been proposed that connectivity studies could be a useful tool 

to complement the bedside behavioural assessment of the level of consciousness in DOC 

patients (Vanhaudenhuyse et al., 2010). 

A large review/meta-analysis was published in 2015 where the main claim was 

specifically related to the DMN and DOC. Hannawi, Lindquist, Caffo, Sair and Stevens 

(2015) performed a systematic review of studies published before May 2014. Studies were 

included if they were based on resting-state functional imaging. Populations included DOC 

patients suffering from coma, VS/UWS, MCS, patients who had emerged from MCS and 

healthy control groups. The systematic review was, in total, comprised of 687 patients (637 

controls). The most common DOC was VS/UWS, followed by coma, MCS and emerging 

MCS. The most common brain injury was either traumatic or anoxic (Hannawi et al., 2015). 

A meta-analysis was also conducted, using 13 studies with a total of 272 patients (259 

controls). The meta-analysis conclusion stated that in the DOC patients, there was consistent 

reduced brain activity in the left cingulate, posterior cingulate, precuneus, middle frontal and 

medial temporal gyri, as well as in the bilateral medial dorsal nucleus of the thalamus, areas 

that overlap well with the DMN. It was also found that the reduction of brain activity was 

more pronounced in the VS/UWS compared with the MCS, indicating that recovery from 

VS/UWS to MCS correlates with re-established activity in some brain areas (Hannawi et al., 

2015). In DOC patients there also seems to be decreased intrinsic functional and anatomical 
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connectivity in the DMN, an obvious consequence following brain injury. The researchers so 

firmly believe that the DMN is related to consciousness that they explicitly state that “activity 

or connectivity of the precuneus may correlate with the magnitude of impairment in 

consciousness” (Hannawi et al., 2015, p. 1278).  

Mäki-Marttunen, Castro, Olmos, Leiguarda and Villarreal (2016) used fMRI to 

examine the states of the DMN and an anti-correlated attentional network (AN) in DOC 

patients. 17 healthy subjects were used as controls and 11 DOC patients participated. The 

DOC was represented by a mix of VS/UWS and MCS. The most common origin of the DOC 

was a traumatic brain injury. Each fMRI session consisted of three scans. Two scans included 

an auditory task (one external, one internal) and one scan was in a resting-state. The auditory 

task posed questions related either to general knowledge (external) or self-knowledge 

(internal). Half of the external questions were true and half were false. Participants were 

instructed to mentally answer “yes” or “no” to the questions. The results demonstrated that in 

the healthy control subjects the internal condition presented stronger activation in several 

gyri, posterior cingulate, precuneus and IPL, areas that resemble the DMN. The external 

condition saw more activation in the AN. In the DOC subjects, the activation patterns were 

not as consistent and some showed non-existent or incomplete networks. Extended analysis of 

the datasets revealed that the ability to alternate modulation of activity in the DMN and the 

counterpart AN was lacking at lower levels of consciousness but recovered at higher levels. 

Functional connectivity analysis found that in the DOC patients, the correlation patterns 

within and between the DMN and the AN were less evident, indicating that there is less 

functional information segregation in DOC compared with healthy subjects where the DMN 

and AN are strongly anti-correlated (Mäki-Marttunen et al., 2016). 

Multimodal examination of the DMN in DOC victims has revealed that there are 

significant relationships between the functional, anatomical and metabolic integrity with 
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clinical status (Rosazza et al., 2016). Functional connectivity in the DMN differentiates 

patients in MCS from VS/UWS patients. Greater correlated activity within the network was 

associated with a higher level of consciousness, solidifying the older claims of 

Vanhaudenhuyse et al. (2010). In this specific study (119 DOC patients) the DMN was 

identifiable in approximately 30% of the VS/UWS cases and around 59% in the MCS cases 

(Rosazza et al., 2016).  

 

Self-awareness in Disorders of Consciousness 

An important part of being fully conscious as a human is the awareness of the self. 

Self-awareness is a large part of functional social cognition (Li et al., 2014). As is, self-

awareness is a notoriously difficult thing to assess in DOC patients. Wakefulness/arousal 

levels fluctuate and motor responses as well as communication is limited or inconsistent, but 

examination can be performed by using self-referential stimuli (Laureys et al., 2007). Trying 

to capture the patient’s attention with their name or holding up a mirror so that they can see 

themselves are usually the most effective ways to explore if there’s any self-awareness (for a 

complete review regarding self-awareness paradigms in DOC, see Laureys et al., 2007).  

 

Altered States of Consciousness 

DOC, however, is not the only thing that can alter our state of consciousness. Three 

main types of altered states exist: physiological, pharmacological and pathological. The most 

common type of physiological altered states of consciousness include sleep (stage II, III and 

IV) as well as REM sleep. Pharmacological states include deep sedation or general 

anaesthesia. The pathological states include DOC (Boveroux et al., 2008). Due to space 

limitation, physiological and pharmacological states will, unfortunately, not be thoroughly 

analysed in this thesis, only mentioned. But they are important to bring up, to remind the 
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reader of the complexity of consciousness and that it exists on a continuum with many 

possible dissociations. Dreaming is a classic example of dissociation between wakefulness- 

and awareness levels (for a review of the DMN and dreaming, see Domhoff & Fox, 2015). 

According to the way this thesis assume that a person is fully conscious (i. e. awake, internally 

and externally aware), a person who is dreaming is not considered as fully conscious. 

The altered states of consciousness that we encounter in our everyday lives is those of 

sleep and anaesthesia (or sedation). The characteristics of sleep include reduced capacity to 

process external information as well as reduced internal awareness. Metabolic activity 

decreases in some brain areas when we sleep and BOLD responses to external stimuli when 

one is asleep is different from when one is awake. One could think that the DMN is utterly 

inactive while we sleep, but this doesn’t seem to be the case. In fact, it can be detected even in 

anaesthesia (Sämann et al., 2011). There are, however, risks to study the DMN by using 

anaesthesia. Sanders et al. (2012) have written a review about this topic (see Sanders et al., 

2012).  

Sämann et al. (2011) investigated the DMN and an anti-correlated network during 

wakefulness, light non-REM sleep and deep non-REM sleep including SWS. They used fMRI 

and electroencephalography (EEG) on 25 healthy volunteers. fMRI scanning was 

simultaneously conducted with polysomnography (19 EEG electrodes) while the participants 

slept in the scanner. Several discoveries were made: first, the strength in the DMN was higher 

during wakefulness than sleep. Second, functional connectivity analysis revealed that between 

the DMN nodes and nodes in the anti-correlated network there appear to be systematic, 

arousal dependent changes. The changes were detectable in both hemispheres and were 

pronounced the most between the anterior and posterior nodes of the DMN. The nodes in the 

anti-correlated network decreased more than the nodes in the DMN in general. These results 

can be summarized to say that the DMN’s configuration undergoes consistent changes during 
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different sleep stages. Highlighting that the relationship between the DMN and sleep is a 

complex one, the researchers conclude that sleep interacts with the DMN in a subregionally 

differential manner (Sämann et al., 2011). 

 

Discussion 

The aim with this thesis was to present a summary of DMN research, focusing on the 

network’s suggested role in internal awareness. A large amount of studies, as presented in this 

thesis, correlates the DMN with cognitive functions seen in internal awareness. And while 

these results are very interesting, to say that the DMN is the causal factor behind internal 

awareness in humans, future research should focus more on lesion studies and stimulation 

research, such as the one by Gruberger et al. (2015).  

Due to the terminological discrepancies in the scientific literature, consciousness was 

dismantled into smaller aspects: wakefulness/arousal, internal and external awareness. 

Consciousness is quite problematic to define seeing as it consists of so many different parts 

(Damasio & Meyer, 2009). The way consciousness has been defined in this thesis is one of 

many ways to interpret its character. This definition was chosen because the awareness aspect 

is especially important to review and discuss since it affects how we treat other humans and 

how we understand ourselves. Some people so strongly relate their life’s worth to their 

awareness that if they were in an accident and became permanently mentally or even 

physically impaired, they would no longer wish to live. For doctors and families in close 

relation to DOC it’s an ethical dilemma whether to turn off life-support (withdraw treatment) 

or leave it be, and the decision can be influenced by an uncountable number of things, such as 

culture, moral or religious beliefs. While these things are major aspects of peoples’ lives, a 

life-or-death decision may be somewhat easier if we had reliable, objective measurements for 

consciousness (and awareness) as well as an established definition for it. As is now, 
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consciousness as a concept is too spread out with too many branches. This affects research, 

progress and possible treatment options. The awareness aspect is not relevant only for 

humans, however. As of today, we may use our awareness to distinguish ourselves from other 

animals, the consequence being that we treat animals differently and use them as tools for 

survival with complete disregard for their mental life, which we know little about. 

Disentangling the neurobiological basis of self-awareness, internal awareness and 

consciousness in humans could therefore be crucial for animal welfare, animal research and 

the environment in the future. 

The way we attribute consciousness to others is a mechanism as complex as 

consciousness itself. Damasio and Meyer (2009) suggest that to observe consciousness in an 

individual, he or she requires to exhibit wakefulness, emotions, attention and intentional 

behaviour, as well as internal mental processing. Any of these aspects may be impaired, 

especially in DOC, which makes it very difficult to observe consciousness using behavioural 

measurements where lack of responsiveness (intentional behaviour) is common. Altered states 

of consciousness, such as anaesthesia awareness (Sanders et al., 2012) further shows that 

measurements based on responsiveness/behaviour are lacking. In clinical contexts, 

consciousness is often measured by using scales such as the Coma Recovery Scale-Revised 

(CRS-R; Laureys et al., 2007). Bedside assessment such as this means high risk of DOC 

misdiagnosis (Vanhaudenhuyse et al., 2010), and seeing as a doctor’s diagnosis may affect a 

decision regarding treatment or even whether to turn off life-support, more funding and 

progress is needed to improve consciousness diagnostics. Research based on stimulation 

paradigms and lesions could be especially helpful in this regard. 

Functional imaging may also be a valuable, additional diagnostic tool to bedside 

assessment, seeing as how it can give us an implication of the level of consciousness in non-

communicative (non-responsive) patients (Vanhaudenhuyse et al., 2010). Functional 
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connectivity in specifically the DMN has been correlated with the level of consciousness 

(Hannawi et al., 2015; Mäki-Marttunen et al., 2016; Rosazza et al., 2016; Vanhaudenhuyse et 

al., 2010), and the DMN has a robust reputation for being of major importance for different 

aspects of internal awareness, as presented in this thesis. Despite the unambiguous definitions 

of consciousness in the literature and the somewhat unreliable DOC behavioural 

measurements used by, for example, Vanhaudenhuyse et al. (2010), one could carefully claim 

that the DMN correlates with consciousness, especially so regarding internal awareness. This 

field, however, has along way to go before any causal conclusions can be reached.  
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