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Abstract 

 The default network (DN) and its functions in healthy individuals have been identified 

using a convergence of data from numerous neuroimaging and behavioral studies. In this 

dissertation, I similarly conducted a series of behavioral, neuroimaging, and brain stimulation 

studies to better understand the DN across the clinical course of depression and its role in 

cognitions associated with depression. In our neuroimaging studies, we investigated DN activity 

after being exposed to negative versus positive self-referential stimuli (critical versus praise 

comments) across at-risk (i.e., females with high levels of neuroticism), currently depressed, and 

recovered depressed individuals. In a behavioral mind-wandering study, we explored the specific 

types of maladaptive thoughts that are triggered by criticism in individuals with depressive 

symptoms. In a transcranial direct current stimulation (tDCS) study, we tested whether changing 

criticism-specific DN activity corresponded with changes in the specific kinds of maladaptive 

thoughts identified in the behavioral mind-wandering study. This series of studies suggest that 

criticism-specific DN hyperactivation is present to varying degrees across depression, regardless 

of current symptom status, that criticism-specific DN activity could be supporting maladaptive 

thinking in depression, and that this pattern of thoughts can be changed by changing DN activity.  
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The Discovery of the Default Network 

 The default network (DN) is a network of structurally and functionally connected brain 

regions that was first identified during “passive” states. Since its initial discovery, our 

conceptualization of the DN has evolved over time; the DN has now been linked with a range of 

higher-order cognitive processes such as ongoing internal mentation (e.g., Andrews-Hanna, 

Reidler, Huang, & Buckner, 2010), remembering the past, envisioning the future (e.g., Buckner 

& Carroll, 2007; Schacter, Addis, & Buckner, 2007), and thinking about others (e.g., Amodio & 

Frith, 2006; Saxe, Carey, & Kanwisher, 2004). Researchers have also begun to study this 

network in relation to psychological disorders that have deficits in cognitive processes. For 

example, researchers have begun to investigate the DN in depression and its links to cognitive 

processes in depression such as rumination (e.g., Greicius et al., 2007; Hamilton et al., 2011). In 

this chapter, we review this literature and outline the aims of this dissertation based on this 

review.  

Early Studies  

 Sokoloff, Mangold, Wechsler, Kenney, and Kety (1955) were one of the first to publish 

evidence that the brain might be metabolically active during rest; unexpectedly, the researchers 

found there were no differences in cerebral blood flow, cerebral oxygen consumption, or cerebral 

vascular resistance when participants were at rest and when they were completing math 

problems. Ingvar (1979) found that when people were left alone undisturbed, there was a 

consistent pattern of increased regional cerebral blood flow to specific brain regions, particularly 

to prefrontal regions (a “hyperfrontal” pattern). His method of measuring regional cerebral blood 

flow after injecting 133 Xenon during a cerebral angiography only permitted measurements of 

superficial parts of the hemisphere, but he noted that earlier EEG studies had shown a similar 
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resting hyperfrontal pattern. Importantly, he speculated on what mental events were being 

supported by this hyperfrontal pattern. He suggested that individuals’ minds were likely drifting 

from one topic to another, and it was possible that people were engaging in a “simulation of 

behavior” (i.e., anticipating and planning of future events). 

Positron Emission Tomography (PET) Studies  

 Since these early studies, researchers continued to find evidence of a common pattern of 

brain activity when people were left undisturbed; however, this was in the context of researchers 

using rest periods as “passive” control conditions (i.e., task-related brain activity was the main 

condition of interest). For example, Shulman et al. (1997) re-analyzed data from 9 PET studies 

using visual tasks and concluded that there was a consistent pattern of “decreases” in regional 

cerebral flow in frontal, parietal, and temporal lobes during the “passive” control states. Again, 

since rest conditions were thought of as control conditions, researchers identified activity in these 

brain regions at rest as “task-induced decreases” in regional cerebral blood flow (and activity in 

brain regions during the tasks of interest were thought of as “task-induced activations”). 

Similarly, Mazoyer et al. (2001) re-analyzed data from 9 PET studies involving visual, auditory, 

and motor tasks, and found a largely similar parieto-frontal network showing increased regional 

cerebral blood flow during “passive” rest conditions than the tasks. Both investigator teams 

concluded that the consistency of this network of brain regions implied that this network was not 

task-specific. 

Raichle, Gusnard, and colleagues published a series of studies in 2001 which drew 

widespread attention and interest to these brain regions, and they argued that this phenomenon 

was worthwhile to study as a main condition of interest. They proposed that activity in these 

brain regions represented a baseline state of brain activity (Gusnard & Raichle, 2001; Raichle et 
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al., 2001). These researchers used a quantitative circulatory and metabolic definition of a 

baseline, in which there is a state of equilibrium between regional cerebral flow and local 

metabolic requirements for sustained brain activity. Brain activation is associated with changes 

in blood flow, glucose utilization, and oxygen consumption. Raichle and colleagues focused on 

the oxygen extraction fraction (OEF), a ratio of oxygen used by the brain to the oxygen being 

supplied by flowing blood. Based on this metric, OEF decreases signify brain activation (i.e., 

when increased blood flow would exceed the amount of oxygen being used). They reported that, 

during rest, there were no significant changes in OEF from baseline in the same brain regions 

previously identified by Shulman et al. (1997); the researchers presented this as evidence of a 

“default mode” that the brain consistently metabolically defaults to, unless it is engaged with an 

external task. Although the idea that OEF is effectively at zero or flat during resting states has 

been challenged (Buckner, Andrews-Hanna, & Schacter, 2008), Raichle, Gusnard, and 

colleagues brought attention to the “default mode” and stimulated newfound interest in this area 

of research. 

Functional Magnetic Resonance Imaging (fMRI) Studies  

 Researchers using another form of imaging with better temporal resolution, functional 

Magnetic Resonance Imaging (fMRI), also found the same brain regions showing greater 

activation during rest than a wide range of different kinds of tasks (e.g., McKiernan, D'Angelo, 

Kaufman, & Binder, 2006; Shannon, 2006, as cited in Buckner et al., 2008). fMRI also allowed 

investigators to not only identify brain regions that showed more activation during one condition 

versus another; different data analysis techniques using fMRI data meant that investigators could 

test the relationship between these different brain regions.  
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Functional connectivity MRI analyses. Brain network regions which are functionally 

connected will show correlated spontaneous, low-frequency, activity. Biswal, Yetkin, Haughton, 

and Hyde (1995) drew attention to the use of fMRI data to study this intrinsic activity (e.g., 

functional connectivity MRI), by identifying the motor cortex through identification of voxels 

which demonstrated correlated activity during finger tapping. Greicius, Krasnow, Reiss, and 

Menon (2003) used this method to provide the first evidence that brain regions implicated in 

meta-analyses by Shulman et al. (1997) actually belonged to a default mode “network.” 

Specifically, they found that regions such as the posterior cingulate cortex (PCC) and ventral 

anterior cingulate cortex (vACC) not only showed greater activity during rest than during a 

working memory task, but their activity was positively correlated with other brain regions that 

had previously been found to be more active at rest such as the medial prefrontal cortex (MPFC) 

and inferior parietal cortex (IPC). Conversely, lateral prefrontal cortex regions that had greater 

activity during a working memory task than during rest had inverse correlations with the PCC. 

This pattern of correlations suggested that these brain regions were functionally connected.  

Independent component analyses. In functional connectivity analyses, researchers are 

required to select region of interests (ROIs) and then voxels that coactivate (i.e., are correlated) 

with voxels in these ROIs are identified. Independent component analysis (ICA) is a data-driven 

method for detecting brain networks by separating signal into independent spatio-temporal 

components (i.e., identifying voxel clusters that show similar patterns of activity over time; this 

analysis is conceptually similar to a factor analysis with orthogonal factors). Using this method 

on the same data from Greicius et al. (2003), many of the same brain regions (the PCC, vACC, 

MPFC, IPC, and hippocampus) were reliably identified as an independent component (i.e. 

network; Greicius, Srivastava, Reiss, & Menon, 2004). In another ICA study, Greicius and 
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Menon (2004) found that DN activity not only occurs at rest but also during a low-demand 

sensory task (Greicius & Menon, 2004).  

Hierarchical clustering analysis. Hierarchical clustering analyses on functional 

connectivity data have revealed that the DN further consists of subsystems that are linked by 

core hubs (Andrews-Hanna, Reidler, Sepulcre, Poulin, & Buckner, 2010; Buckner et al., 2008; 

Buckner et al., 2009). Specifically, there are at least two different DN subsystems, the dorsal 

medial prefrontal cortex (DMPFC) subsystem and the medial temporal lobe (MTL) subsystem. 

The DMPFC subsystem consists of the DMPFC, temporoparietal junction, lateral temporal 

cortex, and temporal poles. The MTL subsystem consists of the hippocampal formation, 

parahippocampal formation, retrosplenial cortex, posterior inferior parietal lobule, and the 

ventral MPFC. The PCC and the anterior MPFC have been identified as two core hubs of the 

DN. Both of these regions are consistently and significantly correlated with all other DN regions. 

The proposed functions of each of these subsystems and the DN overall will be reviewed in the 

next section. 

Summary 

Across multiple measures and data analytic methods of brain activity (metabolic 

measures of cerebral oxygen and blood flow, PET blocked designs of task vs. rest periods, fMRI 

event-related designs of task vs. rest periods, ROI-based functional connectivity analyses, data-

driven ICA, and hierarchical clustering analyses), a specific set of brain regions (i.e., the MPFC, 

PCC/retrosplenial cortex, lateral temporal cortex, inferior parietal lobule, and hippocampal 

formation) reliably emerge as part of a network when individuals are left undisturbed and during 

low-demand tasks. The DN can be further divided into two subsystems, the dorsal MPFC 

subsystem and the MTL subsystem, which interact with each other through the midline core hub 
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regions of the aMPFC and the PCC. Along with the DN’s early identification, many researchers 

had speculations about this network’s function. These hypotheses and studies directly testing 

these hypotheses are reviewed in the next section.  

The Function of the Default Network 

Monitoring the Environment  

 As investigators identified the DN in a wide variety of studies, many speculations arose 

about the DN’s function. Shulman et al. (1997) proposed that humans may be actively 

monitoring their body, external environment, and emotional state during “passive” states, based 

on the functions of the network’s brain regions. Raichle et al. (2001) similarly suggested that the 

precuneus and PCC are constantly gathering information about the external and internal 

environments and the MPFC is important in evaluating and using this information in cognitive 

processes such as decision making. 

Andrews-Hanna, Reidler, Huang, et al. (2010) conducted an fMRI study testing whether 

the DN is indeed involved in this kind of monitoring as opposed to spontaneous cognition (which 

will be reviewed in the next section). Specifically, participants were instructed to look at a 

fixation cross. During conditions intended to induce external attention/monitoring processes, 

brief flickers appeared close to the fixation cross (to assess focal attention) and in peripheral 

locations relative to the fixation cross (to assess broad attention). During conditions intended to 

encourage spontaneous cognition (which was confirmed by retrospective reports and a separate 

behavioral study with probes for spontaneous thoughts), participants only passively looked at the 

fixation cross. The researchers found greater DN activity during the conditions associated with 

spontaneous cognition rather than the conditions associated with external attention/monitoring. 
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This pattern of results lends support to the DN being involved in spontaneous cognition rather 

than monitoring the environment.  

Stream of Consciousness and Mind-Wandering 

Many of the early DN researchers suggested that DN activity supported humans’ ongoing 

streams of consciousness, during which people focus on internally-cued, rather than externally-

cued thoughts. Various terms have been used to describe this type of cognition such as self-

generated thought, task-unrelated thought, stimulus-independent thought, daydreaming, and 

mind-wandering. Across multiple experience-sampling studies, people report that they mind-

wander up to 50% of their day (e.g., Killingsworth & Gilbert, 2010; Klinger & Cox, 1987). 

People still mind-wander even when it is increasingly important or beneficial for them to not do 

so (e.g., when a task becomes increasingly difficult or when better performance on a task leads to 

more money; Antrobus, 1968; Antrobus, Singer, Goldstein, & Fortgang, 1970; Antrobus, Singer, 

& Greenberg, 1966).  

Both Shulman et al. (1997) and Mazoyer et al. (2001) concluded that the consistent 

appearance of the DN during many different kinds of studies implied that this network was not 

task-specific, and that task-induced “decreases” might reflect a suspension of ongoing activity 

that normally occurs during “passive” states. McKiernan, Kaufman, Kucera-Thompson, and 

Binder (2003) tested this idea that the DN is involved in ongoing cognitive processes that are 

only interrupted by a cognitively demanding task. They parametrically modulated task difficulty 

(through changing how difficult it was to detect an auditory target, how fast the auditory target 

was presented, and requiring participants to remember an increasingly complex string of noises 

for target detection). They found that with increasing levels of difficulty, DN activity during the 

tasks decreased. These findings parallel early studies on task-unrelated thoughts or mind-
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wandering by Antrobus et al. (1966), in which they were also able to parametrically modulate the 

frequency of mind-wandering by changing task difficulty and motivation (i.e., financial 

incentives for better task performance).  

In addition to conceptual similarities between DN and mind-wandering activity at rest 

and during tasks, researchers also more directly studied connections between DN activity and 

mind-wandering activity. Within this literature, mind-wandering frequency and thought content 

have been measured in a few different ways. First, researchers have identified DN activity during 

conditions where mind-wandering is likely to occur (e.g., during a repeatedly practiced working 

memory task relative to a novel working memory task (Mason et al., 2007) and while passively 

looking at a fixation cross relative to detecting central and peripheral flashing targets (Andrews-

Hanna, Reidler, Huang, et al., 2010). Second, participants have been asked to retrospectively 

estimate mind-wandering frequency during imaging studies (e.g., Andrews-Hanna, Reidler, 

Huang, et al., 2010; McGuire, Paulesu, Frackowiak, & Frith, 1996) and categorize the types of 

mind-wandering thoughts they had (Andrews-Hanna, Reidler, Huang, et al., 2010). Third, 

researchers have conducted an fMRI study with one sample of participants and conducted 

another behavioral study with an independent sample of participants doing the same tasks, but 

with random interruptions to ask if they were having mind-wandering thoughts during the tasks 

(Andrews-Hanna, Reidler, Huang, et al., 2010; Binder et al., 1999; McKiernan et al., 2006). 

Fourth, researchers have correlated measures of general mind-wandering frequency in daily life 

with DN activity (Mason et al., 2007). Fifth, researchers have conducted an fMRI study while 

interrupting participants to ask about mind-wandering thoughts (Christoff, Gordon, Smallwood, 

Smith, & Schooler, 2009). Activity within the DN has been associated with all of these different 

measures of mind-wandering.  
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Remembering the Past  

 In terms of the kinds of thoughts that are being supported by this ongoing stream of 

consciousness, researchers have also found that, when people are asked to retrospectively 

describe their thoughts during “passive” rest conditions, most report thinking about the past or 

engaging in autobiographical memory retrieval (Andrews-Hanna, Reidler, Huang, et al., 2010; 

Mazoyer et al., 2001). Researchers have directly tested whether the DN is involved in 

autobiographical memory retrieval by comparing DN activity during tasks requiring 

autobiographical memory retrieval and DN activity at rest. For example, in an early PET study 

by Andreasen et al. (1995), the researchers tested the idea that individuals laying undisturbed 

were engaging in random episodic silent thinking (REST), which may overlap with directed 

episodic memory retrieval. During the REST condition and a directed episodic memory retrieval 

condition, participants showed increased regional cerebral blood flow in a specific medial 

inferior frontal region (Brodmann area 11) and the precuneus/retrosplenial cortex. Based on this 

finding, the researchers concluded that people may spontaneously retrieve personal memories 

during REST. 

 Svoboda, McKinnon, and Levine (2006) conducted a meta-analysis of 24 PET and fMRI 

studies and found consistent activation in the MPFC, ventrolateral PFC, medial and lateral 

temporal cortices, temporoparietal junction, PCC/retrosplenial cortex, and the cerebellum when 

participants were recalling autobiographical memories. This is consistent with other reviews 

(e.g., Cabeza & St Jacques, 2007; Maguire, 2001) which have also linked autobiographical 

memory retrieval to DN activation. Across these different studies, there appears to be a medial 

temporal lobe (MTL) subsystem within the DN that supports thinking about the past (Andrews-

Hanna, Reidler, Sepulcre, et al., 2010). 
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Envisioning the Future 

 The same brain regions involved in remembering the past are also involved in 

prospection (thinking about the future; Buckner & Carroll, 2007). Schacter, Buckner, and 

colleagues proposed the existence of “the prospective brain,” which “uses stored information to 

imagine, simulate, and predict possible future events” (Schacter et al., 2007; Schacter, Addis, & 

Buckner, 2008). In a PET study, the PFC, hippocampus, and parahippocampal gyrus showed 

increased regional cerebral flow when participants talked about distant and recent past 

experiences and their plans for the near future and far future (Okuda et al., 2003). In an fMRI 

study, the PCC and parahippocampal gyrus showed similar levels of activation when participants 

were remembering specific past experiences and imagining specific future experiences (Szpunar, 

Watson, & McDermott, 2007). These studies, in addition to many others (as reviewed in Buckner 

& Carroll, 2007; Schacter et al., 2007, 2008), support the idea that an MTL subsystem within the 

DN network is also involved in envisioning the future.  

Thinking About Others’ Perspectives and Oneself 

 The dorsal MPFC subsystem is activated when individuals are asked to make self-

referential judgments or think about themselves (e.g., Amodio & Frith, 2006; Gusnard, Akbudak, 

Shulman, & Raichle, 2001). Andrews-Hanna, Reidler, Sepulcre, et al. (2010) have also 

specifically found that activation in this subsystem is linked with thinking about oneself in the 

present moment; thinking about oneself in the future is linked with activation in the MTL 

subsystem.  

 The DMPFC subsystem also appears to be involved in thinking about others’ 

perspectives, thoughts, and beliefs (i.e., theory of mind or “mentalizing”). As reviewed by 

Amodio and Frith (2006) and Saxe et al. (2004), individuals who are engaged in social cognition 
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show activity within the medial frontal cortex, temporoparietal junction, superior temporal 

sulcus, and temporal poles. In an early PET study, Fletcher et al. (1995) found that when 

participants were reading stories for which they were told to think about the thoughts and 

feelings of the characters, compared to stories for which they were told to not consider the 

characters’ thoughts, there was increased regional cerebral blood flow in the medial frontal gyrus 

and PCC. Just like the MTL subsystem in the DN supporting remembering the past and 

envisioning the future, Andrews-Hanna, Reidler, Sepulcre, et al. (2010) among others suggest 

that a dorsal MPFC subsystem within the DN supports this kind of social cognition. 

 More specifically, Mitchell, Macrae, and Banaji (2006) have shown that the MPFC 

(dorsal MPFC as defined by Buckner et al. (2008), ventral MPFC as defined by Mitchell and 

colleagues) showed a similar response when participants were making judgments about similar 

others and when making judgments about themselves. Importantly, when participants were 

making judgments about dissimilar others, the DMPFC did not show activation. This pattern of 

findings suggests that the DMPFC subsystem may not merely be involved in thinking about 

others; it may be involved in thinking about oneself in relation to others.   

Evolutionarily Adaptive Functions 

 Researchers have noted that the individual brain regions in the DN might be 

evolutionarily equipped to handle higher-order cognitive processes such as self-referential 

thinking. The DN regions are regions that receive input from sensorimotor regions, have the 

largest volume in the human brain, and have the most complex columnar cortical organization 

(Andreasen et al., 1995). Binder, Desai, Graves, and Conant (2009) also discuss the existence of 

a similar network in macaque monkey brains, with the main difference being that the same brain 

regions in humans are significantly larger and thus may support unique human abilities that 
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require flexible storage and retrieval of semantic knowledge such as language, planning, 

problem-solving, and the creation of culture and technology.  

Summary 

The DN appears to be involved in streams of consciousness that specifically include 

higher-order cognitive processes of self-referential thinking, with the purpose of thinking about 

oneself in the past, future, and in relation to others. If the DN truly helps people maintain a sense 

of self from the past, future, and in relation to others, then clinical populations with deficits in 

these areas might be expected to show abnormalities in the DN. Accordingly, individuals with 

Alzheimer’s disease, autism spectrum disorders, schizophrenia, obsessive-compulsive disorder, 

and depression have been shown to have abnormalities in the DN (Andrews-Hanna, Smallwood, 

& Spreng, 2014; Broyd et al., 2009; Buckner et al., 2008; Whitfield-Gabrieli & Ford, 2012). The 

focus of this dissertation will be on DN function in depression, a psychological disorder 

characterized by maladaptive self-referential thinking; the current literature on the DN and its 

role in depression is reviewed in the next section. 

The Default Network and Depression 

Currently Depressed Individuals and the DN 

 Major depressive disorder (MDD) is a psychological disorder in which people experience 

a persistent negative mood or loss of interest or pleasure, feelings of worthlessness and guilt, 

and/or suicidal ideation (American Psychiatric Association, 2013). The majority of literature 

supports the idea that currently depressed individuals have increased resting-state functional 

connectivity within the DN, whether individuals are seeking treatment for depression for the first 

time (Bluhm et al., 2009) or experiencing depression in later life (e.g., over the age of 60 years 

old; Alexopoulos et al., 2012; Bohr et al., 2012). Investigators have also found increased resting-
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state DN functional connectivity with other limbic regions implicated in depressive symptoms 

such as the subgenual cingulate (e.g., Greicius et al., 2007; Whitfield-Gabrieli & Ford, 2012). 

However, there are also a few studies that show depressed individuals having decreased DN 

functional connectivity at rest (e.g., Anand et al., 2005; Veer et al., 2010). For example, in an 

arterial spin labeling study (ASL) at rest, reduced perfusion in the PCC and the right IPL was 

correlated with symptom severity in depressed individuals (Orosz et al., 2012).  

 Depressed individuals do not only show abnormalities within the DN at rest. Again, the 

directionality of this abnormality is unclear. Individuals with depression have shown widespread 

increased activation in DN regions such as the hippocampus, VMPFC, ACC, and LPC when 

viewing negative pictures relative to controls, but there were no differences in activation in the 

PCC or precuneus (Sheline et al., 2009). Conversely, depressed individuals have also shown 

widespread decreased activation in the DMPFC, supragenual ACC, and precuneus compared to 

controls when making judgments about self-relatedness of negative pictures (Grimm et al., 

2009).   

Recovered Depressed Individuals and the DN 

 Individuals who have recovered from depression can still demonstrate different patterns 

of DN connectivity at rest compared with healthy controls. Individuals with late-onset depression 

who have recovered show greater functional connectivity between the PCC and the right MTL at 

rest compared to healthy controls (D. Wu et al., 2013). Conversely, depressed individuals who 

are successfully treated with antidepressants show reduced functional connectivity within 

posterior DN regions that is similar to healthy controls; however, anterior DN regions continue 

to show greater functional connectivity compared to healthy controls (Li et al., 2013). In another 

study, elderly depressed patients who responded to antidepressants showed increased functional 
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connectivity during a simple finger tapping task between the PCC and the DMPFC and 

subgenual ACC, pre to post treatment (M. Wu et al., 2011). Results from these studies suggest 

that at least some DN abnormalities can persist even after depressive symptom remission.  

Individuals At-Risk for Depression and the DN 

 Being female and having high levels of neuroticism are both risk factors for depression. 

Several large longitudinal studies have been conducted showing that high levels of neuroticism 

are significant predictors of the first onset of a depressive episode, even after controlling for sex 

(e.g., Kendler, Gatz, Gardner, & Pedersen, 2006; Kendler, Kessler, Neale, Heath, & Eaves, 1993; 

Kendler, Neale, Kessler, Heath, & Eaves, 1993). Healthy young adults who were in the top 15% 

of the sample in Holmes et al. (2012) on a composite measure of negative affect (which included 

measures of neuroticism, anxiety, behavioral inhibition, mood disturbance, and harm avoidance) 

had a negative correlation between left amygdala volume and MPFC thickness. Individuals who 

also had high polygenic risk for depression had reduced cortical thickness in the left MPFC; 

importantly, there was some evidence that this finding was specific to depression since 

individuals who had high polygenic risk for bipolar disorder, schizophrenia, or ADHD did not 

have reduced MPFC thickness. This study provides some evidence that individuals at-risk for 

depression show structural differences relative to controls in at least one DN region.  

 Posner et al. (2016) conducted an ICA study and found that individuals with a family 

history of depression had greater resting-state DN connectivity within the left LPC and 

precuneus/PCC, compared with individuals with no family history of depression. However, the 

researchers included covariates to account for the fact that they included individuals who had a 

current and lifetime history of depression, anxiety, substance use disorders, and psychotropic 

medication usage. Participants also ranged in age from 11 to 60 years old; supplementary data 
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analyses revealed that the significant differences in functional connectivity in the left LPC and 

precuneus/PCC were only present in participants aged 18 to 25 years old. The authors noted a 

few other limitations, such as a need for a prospective study to test whether DN connectivity 

predicts the onset of depressive episodes, the fact that they only looked at DN activity at rest, not 

during a task, and their all-Caucasian sample.  

Summary 

 Abnormalities in DN activation and connectivity at rest and during a wide variety of tasks 

appear early in the disorder and may persist as people continue to suffer from MDD. The 

directionality of these abnormalities (i.e., greater/reduced connectivity, increased/decreased 

activation), the specific DN regions implicated, and whether the DN shows abnormalities in 

individuals at-risk for depression (but with no current or lifetime history of depression) remain 

unclear.  

The Default Network and Cognitive Processes in Depression 

Spontaneous Cognition or Mind-Wandering in Depression 

 Individuals with low levels of depressive symptoms mind-wander more (i.e., have more 

spontaneous thoughts that are unrelated to what they are currently doing), compared with 

individuals who do not have depressive symptoms (Smallwood, O'Connor, & Heim, 2005). 

Poerio, Totterdell, and Miles (2013) also found that feeling sad or anxious predicted instances of 

daily mind-wandering in an experience sampling study. Taken together, depressive symptoms 

appear to be associated with more mind-wandering in general. Since the DN is involved in mind-

wandering (Andrews-Hanna, Reidler, Huang, et al., 2010; Binder et al., 1999; Christoff et al., 

2009; Mason et al., 2007; McKiernan et al., 2006), and depression is associated with more mind-
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wandering, it is possible that increased DN activity could reflect higher levels of mind-

wandering in depression.  

Cognitive Theories of Depression 

 Several cognitive theories of depression have identified specific types of thoughts that are 

associated with the development and maintenance of depressive symptoms. According to Beck’s 

(1967) cognitive model of depression, depressed individuals have negative views of themselves, 

the world, and the future (i.e., negative self-schemas). When these negative self-schemas are 

triggered by internal or external events, depressed individuals can have negative thoughts about 

the past and future (e.g., making “should” statements where they think about what they should 

have said or done, or catastrophizing by predicting the worst case scenario will happen). 

Cognitive Behavioral Therapy (CBT) is an evidence-based intervention based on the cognitive 

model of depression and it has been associated with large effect sizes in the treatment of 

depression (A. C. Butler, Chapman, Forman, & Beck, 2006). In CBT, treatment consists of 

challenging negative thoughts about the past and future through various strategies such as 

considering the evidence for and against these thoughts.  

 Another emerging theory of psychopathology is that an excessive focus on the past or 

future can lead to depression (Kabat-Zinn, 2003). Mindfulness-Based Therapy (MBT) is based 

on this theory and has also been associated with large effect sizes in the treatment of depression 

(Hofmann, Sawyer, Witt, & Oh, 2010). In MBT, depressed individuals are taught to pay 

attention to the present moment in a non-judgmental way (i.e. mindfulness). A key emphasis is 

on re-orienting to and staying in the present moment rather than struggling with negative 

thoughts about the past. Additionally, meditation is one of the main practices in MBT. Since the 

DN is associated with mind-wandering and thoughts about the past and future, then mindfulness 
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meditation (which is theorized to decrease mind-wandering about the past and future) should 

decrease DN activity. Indeed, experienced meditators who are meditating report less mind-

wandering and show decreased activation in the DN relative to novice meditators (Brewer et al., 

2011).  

 In summary, negative thoughts about the past and future are associated with depression 

and effective treatments for depression target these thoughts. However, DN researchers have not 

explicitly looked at the relationship between DN activity and negative past- and future-oriented 

thoughts in depression.  

Rumination in Depression 

 Researchers have primarily focused on rumination, negative and passive self-focused 

thoughts, as the specific type of cognition that is possibly associated with DN abnormalities. 

Rumination can predict the onset of depressive episodes and depressive symptoms (Nolen-

Hoeksema, 2000). The literature is mixed in terms of the specific kind of rumination and 

correlations with different DN regions. Connectivity between a DN region, the PCC, and the 

subgenual cingulate has been positively correlated with the tendency to ruminate and ruminative 

brooding in depressed individuals and healthy controls (Berman et al., 2011). Depressive 

rumination in depressed individuals has been positively correlated with connectivity between the 

LTC and parahippocampal cortex (Zhu, Zhu, Shen, Liao, & Yuan, 2017). Hamilton et al. (2011) 

found that DN activity in depressed individuals, relative to activity in the task-positive network 

(a network that demonstrates increased activity during tasks that require attention and is 

anticorrelated with the DN; Fox et al., 2005), was positively correlated with depressive 

rumination and negatively correlated with reflective rumination. Finally, functional connectivity 
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between the MPFC and the ACC has been positively correlated with rumination (Zhu et al., 

2012).  

Summary 

 In terms of the spontaneous cognition that could be supported by DN activity in 

depression, mind-wandering studies suggest that depressive symptoms are associated with more 

mind-wandering (and possibly more DN activity). Cognitive theories of depression highlight the 

role of negative thoughts about the past and future in depression. However, DN researchers have 

primarily focused on rumination in relation to DN activity in depression. This literature is mixed 

in terms of the specific types of rumination involved and which DN regions are correlated.  

Dissertation Aims 

In summary, through a convergence of evidence using different neuroimaging methods 

and data analytic techniques, the DN has been identified as a network of brain regions that are 

functionally and structurally connected. The DN is active at rest, during low-demand tasks, and 

tasks that involve self-referential processes such as autobiographical memory retrieval, 

prospection, and social cognition. This network has evolved with an adaptive potential; however, 

individuals with deficits in spontaneous cognition about oneself in the past, future, and in 

relation to others can show DN abnormalities. Individuals who are currently depressed, have 

recovered from depression, and possibly individuals at-risk for depression show DN 

abnormalities. It is possible that the DN is supporting negative past-, future-oriented thinking, or 

rumination in depression. However, the directionality of the DN abnormalities is unclear, 

whether individuals at-risk for depression, but who have never had depression, also show DN 

abnormalities, and if DN abnormalities are supporting a specific type of ruminative thinking. 
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Therefore, different studies in each of this dissertation’s chapters were designed to 

address these unresolved issues, using a convergence of neuroimaging data analytic techniques, 

behavioral mind-wandering measures, and brain stimulation to test the relationship between 

these different constructs. More specifically, in Chapters 2 and 3, I explored DN activity across 

individuals who are at-risk (i.e., females with high levels of neuroticism), individuals who are 

currently depressed, and individuals who have recovered from depression, after being exposed to 

negative self-referential stimuli, criticism. In Chapter 4, I explored what types of specific 

cognitions might be associated with hearing criticism in individuals with depressive symptoms. 

In Chapter 5, I investigated if we could directly change these specific types of cognitions by 

changing DN activity through transcranial direct current stimulation. Through this series of 

studies, I aim to understand the role and function of the DN in depression and its possible role in 

maladaptive thinking in depression. 
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Introduction 

As reviewed in Chapter 1, individuals who are currently depressed show different 

patterns of DN activation and connectivity compared to healthy controls (Alexopoulos et al., 

2012; Anand et al., 2005; Bluhm et al., 2009; Bohr et al., 2012; Greicius et al., 2007; Orosz et 

al., 2012; Veer et al., 2010; Whitfield-Gabrieli & Ford, 2012). However, this literature is mixed 

in terms of the direction of these abnormalities (e.g., increased/decreased activation or 

increased/decreased functional connectivity) and which specific DN regions are involved. 

Further, DN activity has mainly been investigated when depressed individuals are at rest or 

during a cognitive task. Based on the literature reviewed in Chapter 1, it is likely that DN activity 

in these studies is reflecting spontaneous cognition; however, it is unclear if these individuals are 

engaging in self-referential thinking that is characteristic of depression. 

Maladaptive cognitions are central to the cognitive model of depression (Beck, 1967). 

Depressed individuals develop negative schemas, negative views about themselves and the 

world, as a result of a variety of adverse life experiences. These negative schemas are thought to 

be latent, i.e., they only emerge when individuals are presented with information that is relevant 

to their sense of self and/or their understanding of the world. When triggered, these negative 

schemas are hypothesized to lead to thinking errors that further reinforce the negative schemas. 

Based on this model, perceived negative self-relevant events are necessary to activate the 

negative, maladaptive cognitions in depression. 

 Therefore, to test whether aberrant DN activity is possibly supporting this type of 

maladaptive self-referential thinking, we looked at DN activity specifically after being exposed 

to stimuli that are likely to lead to negative self-referential thinking (e.g., critical comments from 

participants’ own mothers as opposed to praise comments from participants’ own mothers). This 
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method is conceptually similar to a series of studies by Andrews-Hanna, Reidler, Huang, et al. 

(2010) who tested whether DN activity is involved in spontaneous cognition or external 

monitoring by looking at DN activity during periods where spontaneous cognition or external 

monitoring were likely to occur (e.g., during a “passive” or low-demand task and during 

detection of flickers in different spatial locations, respectively). This approach is also 

conceptually similar to the study by Mason et al. (2007) who also tested if DN activity is 

involved in mind-wandering by looking at the DN during a repeatedly practiced working 

memory task relative to a novel working memory task.  

 The few studies that have looked at DN activity while being exposed to negative self-

relevant events have yielded conflicting results. Sheline et al. (2009) found that depressed 

individuals show widespread increased activation in DN regions such as the hippocampus, 

VMPFC, ACC, and LPC when viewing negative pictures relative to controls. Conversely, 

Grimm et al. (2009) found that depressed individuals show widespread decreased activation in 

the DMPFC, supragenual ACC, and precuneus compared to controls when making judgments 

about self-relatedness of negative pictures. 

 As reviewed in Chapter 1, when researchers have tried to specifically understand the 

relationship between maladaptive cognitions involved in depression and DN abnormalities, they 

have primarily focused on rumination, negative and passive self-focused thoughts. However, this 

literature is mixed in terms of whether rumination in general or specific subtypes of rumination 

are associated with DN abnormalities, and again, which DN regions are involved. For example, 

rumination in general has been positively correlated with connectivity between the MPFC and 

ACC (Zhu et al., 2012) and connectivity between the PCC and the subgenual cingulate (Berman 

et al., 2011). Depressive rumination has been positively correlated with connectivity between the 
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LTC and parahippocampal cortex (Zhu et al., 2017) and DN dominance over the task-positive 

network (Hamilton et al., 2011). Ruminative brooding has been positively correlated with 

connectivity between the PCC and subgenual cingulate (Berman et al., 2011). Reflective 

rumination has been negatively correlated with DN dominance over the task-positive network 

(Hamilton et al., 2011).  

 DN abnormalities have also been found in individuals who have recovered from 

depression. Again, the directionality of these abnormalities remains unclear, which DN regions 

are implicated, researchers have only looked at DN activity at rest or during a low-demand 

cognitive task, and the majority of these studies have involved elderly participants (Li et al., 

2013; Z. Wang et al., 2012; D. Wu et al., 2013; M. Wu et al., 2011).  

 The present chapter therefore covers results from data analyses on a previously collected 

fMRI dataset to explore if being exposed to criticism from participants’ own mothers, a negative 

stimulus that is likely to lead to self-referential thinking, is associated with increased or 

decreased DN activation and increased or decreased DN connectivity, as opposed to hearing 

praise from participants’ own mothers. We also wanted to test if this DN abnormality was 

correlated with specific types of rumination or other negative cognitive processes. Finally, we 

tested if the same pattern of results was present in individuals who had recovered from 

depression. 

Research Questions and Hypotheses 

 Research Question 1. Will depressed individuals show increased or decreased DN 

activation and effective connectivity after hearing critical comments from their mothers 

compared with never depressed controls?  
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Hypothesis 1. We hypothesized that depressed individuals would show either increased 

or decreased DN activity after hearing critical comments compared with never depressed 

controls. 

 Research Question 2. Will depressed individuals show increased or decreased DN 

activity after hearing praise comments from their mothers compared with never depressed 

controls? 

Hypothesis 2. We hypothesized that depressed individuals would not show increased or 

decreased DN activity after hearing praise comments compared with never depressed controls.  

Research Question 3. Will recovered depressed individuals also show increased or 

decreased DN activity after hearing criticism and praise comments from their mothers, relative to 

never depressed controls?  

Hypothesis 3. We hypothesized that individuals who had recovered from depression 

would also show increased or decreased DN activity and that this would only be apparent after 

critical, but not after praise comments.   

Research Question 4. Will DN activity be correlated with maladaptive self-referential 

cognitive processes such as rumination and thought suppression? 

Hypothesis 4. We hypothesized that DN activity would be correlated with ruminative 

brooding and depressive rumination and thought suppression.  

Participants 

Participants were 25 right-handed females drawn from a sample that was previously 

recruited and is fully described in Hooley et al. (2009) and Hooley, Siegle, and Gruber (2012). 

Females were recruited because of higher rates of depression in females (Nolen-Hoeksema, 

2002) and in an effort to minimize data heterogeneity due to gender effects (Hooley et al., 2009). 
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The average age was 24.4 years old (range = 16 years, SD = 3.37 years) and average years of 

education was 15.9 years (range = 5 years, SD = 1.59 years). Participants who were currently 

depressed, had fully recovered from depression, or who were never depressed were recruited by 

advertisements in local media. After obtaining written informed consent, the Structured Clinical 

Interview (SCID) for the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) 

(First, Spitzer, Gibbon, & Williams, 2002) was administered by a trained interviewer for 

diagnostic assessment. Healthy controls (n = 9) had no current or past psychopathology and were 

not taking any psychotropic medications. Participants who had fully recovered from depression 

(n = 8) had at least 1 past episode of unipolar depression meeting DSM-IV (American 

Psychiatric Association, 2000) criteria, no comorbid Axis I disorders, and no depressive 

symptoms for at least 6 months. Four out of eight participants who had recovered from 

depression were taking psychotropic medications, including citalopram (n = 1), escitalopram (n 

= 1), fluoxetine (n = 1), and venlafaxine (n = 1). Participants with current depression (n = 8) met 

DSM-IV criteria for a current major depressive episode. Three out of eight participants with 

current depression were taking psychotropic medications, including buspirone (n = 1), bupropion 

(n = 1), and venlafaxine (n = 1). The three groups did not significantly differ in age (F(2,22) = 

0.05, p = 0.95) or years of education (F(2,20) = 1.08, p = 0.36). 

Measures 

At the first study session, a trained interviewer administered the SCID to provide a 

diagnostic assessment. Participants then completed several self-report questionnaires. 

Beck Depression Inventory 

 The Beck Depression Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) 

is a 21 item self-report measure of depressive symptoms experienced over the past week. Scores 
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can range from a minimum total score of 0 to a maximum of 63, where high scores indicate a 

higher level of depressive symptomatology. This measure has high internal reliability and 

validity (Beck, Epstein, Brown, & Steer, 1988). Participants completed this measure at the first 

study session and again at a second study session during which they had an MRI scan. The 

second study session occurred within one month of the initial assessment visit. There was no 

significant change in BDI scores from the first study session to the second (across all groups = 

t(24) = -0.92, p = 0.37; within currently depressed group = t(7) = -0.92, p = 0.39; within 

recovered depressed group = t(7) = 0.22, p = 0.84).   

Ruminative Responses Scale  

 The Ruminative Responses Scale (RRS) of the Response Styles Questionnaire (RSQ; 

Nolen-Hoeksema & Morrow, 1991) is a 22 item self-report measure that assesses the frequency 

of ruminative thinking. Participants are asked to rate on a 1 to 4 scale, where 1 = almost never 

and 4 = almost always, how often they endorse the statement when they are feeling sad. This 

scale has 3 different subscales: brooding (RRS-B; e.g., “[how often do you] think ‘why do I have 

problems other people don’t have?’), self-reflection (RRS-R; e.g., “[how often do you] go 

someplace alone to think about your feelings”), and depression (RRS-D; e.g., “[how often do 

you] think about how sad you feel”) (Treynor, Gonzalez, & Nolen-Hoeksema, 2003). The total 

score ranges from 22 to 88, with higher scores indicating higher levels of rumination. This 

measure has high internal consistency, good test-retest reliability, and has acceptable convergent 

and predictive validity (L. D. Butler & Nolen-Hoeksema, 1994).   

White Bear Suppression Inventory 

 The White Bear Suppression Inventory (WBSI; Wegner & Zanakos, 1994) is a 15 item 

self-report measure of the tendency to try to suppress unwanted thoughts. Participants are asked 
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to rate the extent to which they endorse statements such as "I wish I could stop thinking of 

certain things" and "My thoughts frequently return to one idea" on a 5-point scale from A to E 

where A = strongly disagree and E = strongly agree. The total score ranges from 15 to 75, where 

higher scores indicate a greater tendency to suppress thoughts. This measure has high internal 

consistency, test-retest reliability, and convergent validity (Muris, Merckelbach, & Horselenberg, 

1996). 

Procedures 

MRI Data Acquisition 

 All subjects were scanned using a 1.5 Tesla GE LX MRI scanner (General Electric, 

Milwaukee, WI) at McLean Imaging Center equipped with a birdcage quadrature RF head coil. 

Scanning took place within 1 month of the first study session. Foam padding and a stabilization 

strap across the forehead were used to secure participants' heads and minimize head motion. 

Functional blood oxygenation level dependent signal (BOLD) MRI images were acquired using 

a gradient echo T2*-weighted sequence (TR/TE/flip angle=3000 msec/40 msec/90 degrees) over 

20 coronal slices with an in-plane resolution of 3.125 x 3.125 x 7mm. Prior to each scan, 3 

images were acquired and discarded to allow equilibrium of longitudinal magnetization. T1-

weighted high-resolution images were collected and used for co-registration with fMRI data. 

fMRI Paradigm 

 All subjects heard a series of customized comments from their own mothers while 

undergoing fMRI scanning, as previously described in Hooley et al. (2009). Briefly, after 

obtaining informed consent from participants' mothers, a study team member recorded 3 separate 

sets of 30 second comments made by the mothers about their daughters. Some comments 

involved praise (e.g., "Stephanie, one thing I really like about you is..."), others were critical 
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(e.g., "Stephanie, one thing that really bothers me about you is..."), and others were designed to 

be neutral (e.g., "Stephanie, let me tell you a little bit about the weather today…") directed at 

their daughters. The final stimulus set consisted of five 30 second alternating blocks within a 

single scanning epoch in the following order: 1) rest before, 2) first audio comment of a specific 

valence (criticism, praise, or neutral), 3) intermediate rest, 4) second audio comment of the same 

valence, and 5) rest. This yielded a total scan epoch of 2 minutes and 30 seconds. The order of 

presentation of the criticism and praise scanning epochs was randomized across participants. The 

neutral condition always occurred last. 

Data Analyses 

Functional data were processed using SPM5 software (Wellcome Department of 

Cognitive Neurology, London, UK). fMRI images were motion corrected, spatially normalized 

to the standardized normalized space established by the Montreal Neurological Institute (MNI; 

http://www.bic.mni.mcgill.ca), and smoothed with a three-dimensional Gaussian filter of 6 mm 

width (FWHM). For each subject and for each run, we also calculated the mean value of the 

signal-to-noise ratio across all voxels in the brain. We used the default threshold of 150, and 

using this criterion, excluded one subject from our analyses.  

For the first level individual subject analyses, we included the 6 realignment parameters 

to further correct for motion and 2 nuisance regressors to indicate the use of data from 3 different 

blocks. We then computed t contrast images for each contrast of interest. To investigate neural 

processing specific to a comment's valence (criticism or praise), we created contrasts for the last 

resting period of the scan epoch versus baseline rest (the first rest before period for the entire 

paradigm).   
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Individual contrast images were then entered in a random effects model. For the second 

level analysis, we conducted a flexible factorial analysis (3 factors: subject, group, and comment 

valence). We then completed region of interest (ROI) analyses at p < 0.005 with our a priori 

regions as defined by anatomical masks from the Wake Forest University Pick Atlas (Maldjian, 

Laurienti, Kraft, & Burdette, 2003). Our a priori regions of interest were based on Buckner et 

al.’s (2008) identification of core regions in the DN: the medial prefrontal cortex (MPFC; 

Brodmann areas 9, 10, 24, 32), posterior cingulate/retrosplenial cortex (PCC/retrosplenial cortex; 

Brodmann areas 29, 30/23, 31), hippocampal formation (HF; bilateral hippocampus and 

hippocampal formation), lateral temporal cortex (LTC; Brodmann area 21), and inferior parietal 

lobule (IPL; Brodmann areas 39, 40). To control for multiple statistical comparisons, we 

maintained a cluster-level false positive detection rate at p < 0.05 with a cluster (k) extent 

empirically determined by Monte Carlo simulations in the AFNI program AlphaSim (Ward, 

2013). 

We conducted psychophysiological interaction (PPI) analyses to understand changes in 

effective connectivity between a functional seed in the PCC/retrosplenial cortex and other DN 

regions (rest periods after critical comments vs. rest periods after praise comments). We chose a 

functional seed in the PCC due to the PCC being a core hub of the DN; functional connectivity 

analyses using a seed in the PCC, as opposed to other DN regions, have reliably identified the 

DN (Andrews-Hanna, Reidler, Sepulcre, et al., 2010; Buckner et al., 2008; Fransson & Marrelec, 

2008). To control for multiple statistical comparisons, we maintained a cluster-level false 

positive detection rate at p < 0.05 with a cluster (k) extent empirically determined by Monte 

Carlo simulations in the AFNI program AlphaSim (Ward, 2013). 
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Spherical regions of interest (ROIs; radius = 5 mm) were created around peak voxels of 

activation in our a priori regions. MarsBaR, a ROI toolbox for SPM 

(http://marsbar.sourceforge.net; Brett, Anton, Valabregue, & Poline, 2002), was used to extract 

beta weight values from these ROIs for each subject for each contrast of interest. All values were 

scaled to 100. We conducted Pearson’s r correlational analyses with these beta weight values to 

investigate the relationship between activation in each DN region and ruminative brooding, 

reflective rumination, depressive rumination, and thought suppression. We used the Benjamini-

Hochberg procedure (Benjamini & Hochberg, 1995) to correct for multiple comparisons, reduce 

Type I error, and restrict the false discovery rate to 0.05. 

Results 

Criticism-Specific DN Hyperactivation in Currently Depressed Individuals 

 After hearing criticism from their own mothers, currently depressed individuals showed 

greater activation in all DN regions (MPFC, PCC/retrosplenial cortex, IPL, and HF) compared to 

never depressed controls (Figure 1). There were no significant differences between currently 

depressed participants and never depressed controls in DN activation after the praise comments 

(Figure 1). 
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Figure 1 

 

Currently depressed individuals showed default network hyperactivation after hearing criticism from their 

own mothers, compared to never depressed controls. There were no significant differences between 

currently depressed and never depressed individuals after hearing praise comments. Results overlaid on 

Montreal Neurological Institute’s template of 152 T1-weighted scans. 
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Figure 2 

 

Criticism-specific default network hyperactivation in each of the 8 currently depressed participants. 

Results overlaid on Montreal Neurological Institute’s template of 152 T1-weighted scans.  

 

Criticism-Specific DN Hyperactivation in Recovered Depressed Individuals 

 Recovered depressed individuals also showed greater activation in all DN regions 

(MPFC, PCC/retrosplenial cortex, IPL, and HF) compared to never depressed controls after 

hearing criticism from their own mothers (Figure 3). There were also no significant differences 

between recovered depressed participants and never depressed controls in DN activation after the 

praise comments (Figure 3). 
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Figure 3 

 

Recovered depressed individuals showed a similar pattern of default network hyperactivation as currently 

depressed individuals. Individuals who had recovered from depression also showed default network 

hyperactivation after hearing criticism from their own mothers, compared to never depressed controls. 

There were no significant differences between recovered depressed and never depressed individuals after 

hearing praise comments. Results overlaid on Montreal Neurological Institute’s template of 152 T1-

weighted scans. 

 

Changes in DN Effective Connectivity 

 Currently depressed individuals showed increased coupling between the 

PCC/retrosplenial cortex and the IPL after hearing the critical comments as opposed to praise 

comments (Figure 4). Individuals who had recovered from depression did not show any 

significant changes in coupling between the PCC/retrosplenial cortex and the IPL after hearing 

the critical comments as opposed to the praise comments (Figure 4). 

 

Space intentionally left blank; figure on next page 

 



35 

Figure 4 

 

Changes in effective connectivity between the posterior cingulate/retrosplenial cortex and the inferior 

parietal lobule after criticism compared to after praise in currently depressed and recovered depressed 

individuals. Results overlaid on Montreal Neurological Institute’s template of 152 T1-weighted scans. 

 

Correlations with Criticism-Specific DN Hyperactivation 

There were no statistically significant correlations between hyperactivation in DN regions 

after hearing critical comments and ruminative brooding, reflective rumination, depressive 

rumination, or thought suppression after applying a FDR correction for multiple comparisons. 

The correlation coefficients are presented in Table 1.  
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Table 1 

 
 

Ruminative 

Brooding 

Depressive 

Rumination 

Reflective 

Rumination 

Thought 

Suppression 

Medial Prefrontal 

Cortex 

0.11 0.02 0.23 0.15 

Posterior 

Cingulate/Retrosplenial 

Cortex 

0.49 0.48 0.20 0.22 

Inferior Parietal Lobule 0.06 0.39 0.46 0.08 

Hippocampus 0.27 0.24 0.09 0.50 

Correlations between criticism-specific default network hyperactivation, rumination, and thought 

suppression. Note that these correlations were not statistically significant after a FDR correction for 

multiple comparisons.  

 

Discussion 

 We sought to investigate several questions in this study: 1) if we would find increased or 

decreased activation and increased or decreased connectivity in the DN in currently depressed 

individuals, 2) if we would specifically find DN abnormalities after hearing criticism from 

participants’ own mothers, a negative self-referential stimulus, as opposed to hearing praise, 3) if 

this kind of DN abnormality would be correlated with specific types of rumination or other 

negative cognitive processes, and 4) if this same pattern of results would be found for individuals 

who had recovered from depression. 

Increased Criticism-Specific DN Activation and Greater Effective Connectivity in 

Depressed Individuals  

 We found evidence of criticism-specific DN hyperactivation (Figures 1 and 2) and 

greater effective connectivity (Figure 4) in participants who were currently experiencing a 

depressive episode, but only after negative, not positive self-referential stimuli. The finding of 

increased DN activity adds further support to studies finding DN hyperactivation in currently 
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depressed individuals (e.g., Bluhm et al., 2009; Sheline et al., 2009; Whitfield-Gabrieli & Ford, 

2012). Specifically, we found greater widespread activation in the DN (MPFC, PCC/retrosplenial 

cortex, IPL, and HF) after depressed individuals heard criticism from their own mothers.  

 We also found greater effective connectivity between the PCC/retrosplenial cortex and 

the IPL after hearing the critical comments as opposed to praise comments in the currently 

depressed individuals. Our effective connectivity findings support the idea that activity in DN 

brain regions is more correlated with each other in currently depressed individuals (Alexopoulos 

et al., 2012; Bluhm et al., 2009; Bohr et al., 2012). We have also now shown that changes in 

these correlations can happen specifically after being exposed to negative self-referential stimuli.  

 We chose a functional seed in the PCC for the effective connectivity analyses because it 

is a core hub of the DN; activity in the PCC is strongly correlated with activity in all other DN 

regions (Andrews-Hanna, Reidler, Sepulcre, et al., 2010; Buckner et al., 2008; Fransson & 

Marrelec, 2008). Even though the PCC is functionally connected with all DN regions, our 

effective connectivity analyses revealed that exposure to criticism only changed correlated 

activity between the PCC and the IPL in the depressed individuals. There were no changes in 

correlated activity between the PCC and the MPFC or hippocampus after criticism. Since the 

IPL, VMPFC, and hippocampus are part of the MTL subsystem, it is unclear why there were no 

significant changes in effective connectivity between the PCC and the VMPFC or hippocampus. 

Of note, the PCC, as a core hub of the DN, is involved in thinking about oneself in the past, 

present, and future (Andrews-Hanna, Reidler, Sepulcre, et al., 2010; Buckner et al., 2008). The 

IPL is “practically nonexistent in lower primates” and is primarily anatomically connected to 

other association regions of the brain, not primary sensory areas (e.g., Binder et al., 2009). Taken 

together, our effective connectivity analyses suggest that depressed individuals had increased 
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functional coupling between two regions of the brain implicated in higher-order self-referential 

processing after criticism. This kind of processing was not happening after praise. 

 The fact that increased DN activity only appeared in the context of criticism, and not 

praise comments, suggests that the DN could be supporting cognitions that are specifically 

triggered by negative, self-relevant, events. Although we did not have data on specific cognitions 

during the fMRI scan, we had measures of participants’ general tendency to engage in negative 

cognitive processes such as rumination and thought suppression.  

Correlations with Rumination and Thought Suppression 

 There were no significant correlations between activation in DN regions and specific 

types of rumination, thought suppression, or depressive symptoms (Table 1). Therefore, we did 

not replicate previous findings showing significant correlations between DN activity and 

rumination. One difference between the present study and previous studies is that, in this study, 

we investigated the relationship between rumination and DN activation; previous studies have 

shown correlations between DN functional connectivity and rumination. It should be noted, 

however, that several correlation coefficients corresponded with medium to large effect sizes 

(Pearson’s r > 0.30). In particular, the relationship between criticism-specific activation in the 

hippocampus and thought suppression was associated with a large effect size (r = 0.50). The 

hippocampus is part of an MTL subsystem within the DN which has been linked to 

autobiographical memory retrieval (Andrews-Hanna, Reidler, Sepulcre, et al., 2010; Schacter et 

al., 2007). It is possible that participants, after hearing criticism from their mothers, were 

intentionally trying to suppress thoughts about the comments or memories surrounding the 

comments. However, since we did not have data on what participants were thinking during the 

fMRI scan, these speculations need to be directly tested. 
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Increased Criticism-Specific DN Activation in Recovered Depressed Individuals 

 Recovered depressed individuals also showed widespread DN hyperactivation after 

hearing critical comments from their own mothers, relative to never depressed controls (Figure 

3). This finding extends previous results showing that individuals who have recovered from 

depression can still demonstrate different patterns of DN connectivity at rest compared with 

healthy controls, and in a non-elderly population (Li et al., 2013; Z. Wang et al., 2012; D. Wu et 

al., 2013; M. Wu et al., 2011). At the same time, the recovered depressed individuals did not 

show greater effective connectivity between the PCC/retrosplenial cortex and the IPL after 

hearing the critical comments, compared to the currently depressed individuals who did (Figure 

4). This finding adds support to a prior study showing depressed individuals who respond to 

antidepressants show reduced functional connectivity within posterior DN regions, such that they 

are similar to healthy controls (Li et al., 2013).  

 The recovered depressed individuals did not differ from the currently depressed 

individuals in their criticism-specific DN activation. This suggests that even after symptom 

remission, these individuals continue to show this pattern of DN activation and remain different 

from never depressed controls. This finding also implies that DN hyperactivation may not 

necessarily need to be treated/normalized for depressive symptom remission.  

Limitations and Future Directions 

 This study had several limitations. First, our results need to be replicated in larger 

samples of currently depressed and recovered depressed individuals. Alternatively, instead of 

relying on cross-sectional, between-group study designs, future studies could benefit from a 

longitudinal, within-subject study design to track individuals as they transition in and out of 

depressive episodes. Second, although we had measures of tendencies to engage in negative 
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cognitive processes, we had no direct data on what participants were thinking during the periods 

of DN hyperactivation and connectivity. Finally, this study’s results do not help distinguish 

whether criticism-specific DN activity is an underlying vulnerability for depression; that is, does 

criticism-specific DN activity appear even before the initial onset of depressive symptoms? The 

study in Chapter 3 was designed to address a few of the limitations mentioned above.  
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Chapter 3: Default Network Activity in At-Risk Individuals 
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Introduction 

 As previously reviewed in Chapter 1, there is some evidence that individuals at-risk for 

depression have abnormalities in the DN. Specifically, researchers have found a negative 

correlation between left amygdala volume and MPFC thickness in community sample 

participants who scored highly on a composite measure of negative affect (which included 

measures of neuroticism, anxiety, behavioral inhibition, mood disturbance, and harm avoidance; 

Holmes et al., 2012). They also found that individuals with high polygenic risk for depression 

have reduced left MPFC cortical thickness. A different group of researchers found that 

individuals with a family history of depression have greater resting-state DN connectivity within 

the left LPC and precuneus/PCC compared with individuals with no family history of depression 

(Posner et al., 2016). However, in Posner et al.’s (2016) study, many of their at-risk individuals 

also had current or past depression, or anxiety, or substance use disorders, and/or were currently 

taking psychotropic medications. Therefore, their results might not be specific to individuals at-

risk for depression. To answer the question of whether DN abnormalities reflect an underlying 

vulnerability for depression, it is important to study DN activity in individuals at-risk for 

depression, but who have no current or lifetime history of depression or psychotropic medication 

usage; it is also necessary to establish whether DN abnormalities are correlated with the onset of 

depressive symptoms. 

 In Chapter 2, we reported that currently depressed individuals and those who had 

recovered from depression showed increased DN activation specifically after hearing criticism. 

Here, we investigate whether criticism-specific DN differences (as described in Chapter 2) are 

also present in at-risk individuals (i.e., females with high levels of neuroticism). Being female 

and having high levels of neuroticism are both risk factors for depression. Several large 
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longitudinal studies have shown that high levels of neuroticism are significant predictors of the 

first onset of a depressive episode, even after controlling for sex (e.g., Kendler et al., 2006; 

Kendler, Kessler, et al., 1993; Kendler, Neale, et al., 1993). Chapter 3’s study also included a 

longitudinal component. Individuals were followed 3, 6, and 12 months after the initial MRI scan 

and asked about depressive symptoms to understand if DN activity is correlated with subsequent 

depression.  

This study was also designed to have multiple measures of cognitive processes that could 

be occurring during DN activity. In the study described in Chapter 2, we tested whether aberrant 

DN activity was possibly associated with maladaptive thinking by specifically looking at DN 

activity after being exposed to stimuli that were likely to lead to negative self-referential thinking 

(e.g., critical comments). In this study, we continued to test this by again looking at DN activity 

after hearing criticism versus praise. We also continued to assess for different kinds of 

ruminative thinking and thought suppression using the same measures from Chapter 2.  

To obtain a measure of spontaneous cognition or mind-wandering occurring during 

periods of DN activity, we assessed for specific kinds of thoughts that have been implicated in 

DN activity and depression. Healthy individuals remember the past and think about the future 

(Buckner & Carroll, 2007; Schacter et al., 2007). Depressed individuals are also characterized by 

the presence of negative past- and future-oriented thoughts (Beck, 1967). Based on these 

previous findings, we modified and administered the Thought Sampling Questionnaire (based on 

Andrews-Hanna, Reidler, Huang, et al., 2010). Participants were asked after the MRI scan to list 

the thoughts they had after hearing criticism and praise and estimate the proportions of thoughts 

about the past, present, future, and the proportions of thoughts that were negative, neutral, and 

positive (for a full description of the measure, see Thought Sampling Questionnaire section in 



44 

Measures). We also administered a self-report measure that assessed for mind-wandering 

frequency in daily life and different forms of mind-wandering (see Imaginal Processes Inventory 

section in Measures). 

In summary, in the study described in Chapter 2, we found that both currently depressed 

and recovered depressed individuals showed DN hyperactivation during rest periods, specifically 

after hearing critical, not praise comments. The present study used an at-risk sample to 1) assess 

whether criticism-specific DN hyperactivation and greater effective connectivity appears even 

before first depressive episode onset, 2) whether DN activity can predict changes in depressive 

symptoms in the follow-up after the MRI scan, and 3) identify what kinds of thoughts could be 

associated with DN activity using self-report measures of rumination, thought suppression, 

mind-wandering, and retrospective reports of mind-wandering thoughts.  

Research Questions and Hypotheses 

 Research Question 1. After criticism, do at-risk individuals (i.e., females with high 

levels of neuroticism) show criticism-specific DN hyperactivation and greater effective 

connectivity, relative to females with average levels of neuroticism?  

Hypothesis 1. We hypothesized that, after criticism, at-risk individuals would show DN 

hyperactivation and greater effective connectivity relative to females with average levels of 

neuroticism. We further hypothesized that this difference would not be apparent after praise.  

Research Question 2. Will DN activity at a baseline MRI scan be correlated with 

depressive symptoms 3, 6, or 12 months later?  

Hypothesis 2. We hypothesized that DN activity would be positively correlated with 

depressive symptoms at follow-up assessments. 
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Research Question 3. Is DN activity after criticism correlated with ruminative brooding, 

depressive rumination, and thought suppression?  

Hypothesis 3. We hypothesized that, in our at-risk sample, criticism-specific DN 

hyperactivation would be positively correlated with ruminative brooding and thought 

suppression. 

Research Question 4. Is DN activity after hearing criticism associated with self-reports 

of negative mind-wandering thoughts about the past and the future?  

Hypothesis 4. We hypothesized that DN activity after hearing criticism would be 

positively correlated with self-reports of negative mind-wandering thoughts about the past and 

future.  

Participants 

 Our target sample was females between the ages of 18 and 30 with no current or lifetime 

history of mood or anxiety disorders or psychotropic medication use. N = 1,126 individuals were 

screened for this study (Figure 5). Only females who scored in the upper 80th percentile (high 

neuroticism or at-risk group) or in the 40th to 60th percentile (average neuroticism or control 

group) on the neuroticism items from the NEO-Five Factor Inventory (Costa & MacCrae, 1992) 

were brought in to the lab for further screening (n = 115 individuals). These individuals were 

screened for current and lifetime history of mood and anxiety disorders using the Structured 

Clinical Interview for DSM-5 Disorders, Research Version (SCID-5-RV; First, Williams, Karg, 

& Spitzer, 2015). Based on this interview, n = 60 individuals had no current or lifetime history of 

mood or anxiety disorders. Five participants did not want to schedule or did not show up for the 

MRI scan. Therefore, n = 55 participants were scanned. One participant was excluded because 

she did not hear any of the auditory stimuli due to technical issues. Another participant was 
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excluded from analyses because of excessive head motion. The final data set therefore consisted 

of n = 28 females with average levels of neuroticism (control group) and n = 25 females with 

high levels of neuroticism (at-risk group). 

Figure 5 

 

 The demographics and characteristics of the final sample are presented in Table 2. The 

control and at-risk groups did not differ in age (t(51) = 1.01, p =0.32) or years of education (t(51) 

= 0.51, p =0.61). Participants were 35.8% Caucasian, 35.8% Asian, 11.3% African American, 

11.3% Multiracial, and 5.7% Hispanic.  
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online
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of mood or anxiety disorders, 
psychotropic medication usage, 
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Table 2 

 At-Risk (females with high 

neuroticism) 

Controls (females with 

average neuroticism) 

n 25 28 

Age 20.36 (2.22) 21.00 (2.37) 

Age Range 18-26  18-26  

Education 14.32 (2.10) 14.59 (1.75) 

Education Range 12-18 12-20 
Demographics information for the two groups. Values represent group means and standard deviations are 

in parentheses.  

 

Measures 

Participants completed questionnaires assessing depressive symptoms (Beck Depression 

Inventory; Beck, Steer, & Brown, 1996; described in Study 1 Measures), rumination 

(Ruminative Responses Scale of the Response Styles Questionnaire; Nolen-Hoeksema & 

Morrow, 1991; described in Study 1 Measures), and thought suppression (White Bear 

Suppression Inventory; Wegner & Zanakos, 1994; described in Study 1 Measures). All 

participants also completed the following questionnaires. 

NEO-Five Factor Inventory 

 To assess neuroticism, we administered the NEO-Five Factor Inventory (NEO-FFI; Costa 

& MacCrae, 1992), a 60 item self-report measure of the Big Five personality traits: extraversion, 

agreeableness, conscientiousness, neuroticism, and openness to experience. Example neuroticism 

items include “Sometimes I feel completely worthless,” “I am seldom sad or depressed,” and “I 

often feel tense and jittery.” Test-retest reliability for this measure ranges from .86 to .90 and 

internal consistency ranges from .68 to .86 (Costa & MacCrae, 1992). 

Thought Sampling Questionnaire 

 After the MRI scan, all participants were asked to complete the Thought Sampling 

Questionnaire (Appendix C). They were first asked to list any thoughts that they had after 
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hearing criticism and praise. They then created a pie chart modified from Andrews-Hanna, 

Reidler, Huang, et al. (2010) to estimate the proportion of their thoughts that were about the past, 

present, and future. They also estimated the proportion of their thoughts that were positive, 

neutral, and negative.  

Procedures 

MRI Data Acquisition 

 Participants were scanned using a 3.0 Tesla Siemens MAGNETOM Prisma MRI scanner 

(Siemens, Erlangen Germany) at the Center for Brain Science Neuroimaging Facility at Harvard 

University. The scanner underwent a VE11C software upgrade after 28 subjects had been 

scanned; software version was entered as a regressor. Foam padding was used to secure 

participants’ heads and minimize head motion. Functional blood oxygenation level dependent 

signal (BOLD) MRI images were acquired using a gradient echo T2*-weighted sequence 

(TR/TE/flip angle=650 msec/34.4 msec/54 degrees) with an in-plane resolution of 2.3 x 2.3 x 2.3 

mm. T1-weighted high-resolution images (TR/TE/flip angle=2200 msec/1.57 msec/7 degrees) 

with an in-plane resolution of 1.2 x 1.2 x 1.2 mm were collected and used for co-registration with 

fMRI data. 

 Participants in the at-risk and control groups did not significantly differ in measures of 

signal-to-noise ratio (SNR; t(51) = 0.20, p = 0.66) or motion estimates such as max absolute 

motion (t(51) = 0.05, p = 0.83; Table 3). Note that slice SNR values above 150 and max absolute 

motion values less than 1.49 are desirable. The at-risk group had more movements > 0.5 mm 

than controls (t(51) = 23.37, p < 0.001), although at-risk individuals still had fewer than 5 

movements (which indicates good data). Finally, there was no significant difference in the 
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percentage of at-risk or control individuals who were scanned using the VE11C software (t(51) = 

0.39, p = 0.53). 

Table 3 

 At-Risk (females with high 

neuroticism) 

Controls (females with 

average neuroticism) 

Slice SNR 244.92 (51.54) 270.36 (59.67) 

Slice SNR Range 172.40-320.50 170.45-360.50 

Max Absolute Motion 0.77 (0.45) 0.81 (0.52) 

Max Absolute Motion 

Range 

0.29-1.80 0.25-1.69 

Movements > 0.5mm 0.19 (0.38)* 0.00 (0.00) 

Movements > 0.5mm Range 0-1 all 0 

% Scanned With VE11C 56% 50% 
Signal-to-noise ratio measures, motion estimates, and scanner software information for the two groups. 

Values represent group means and standard deviations are in parentheses. Note: Significant group 

difference with two-tailed *p < 0.05.  

 

Comments 

 In the study described in Chapter 2, participants heard comments from their own mothers 

during the MRI scan. For feasibility reasons, the present study’s participants heard a stimulus set 

of comments that were developed and standardized in Dr. Jill Hooley’s lab (Appendix B). To 

increase the potential emotional impact of hearing the comments, participants were instructed 

“We would like you to imagine that the following comments are being said to you by someone 

who is very important in your life.” After the entire study, participants were also asked to rate 

how self-relevant each comment was on a 0 (not at all relevant) to 100 (completely relevant) 

scale.  

MRI Scanning Protocol 

 Participants heard critical and praising comments presented in separate blocks. Each 

block contained four comments. These were preceded and followed by silence (rest periods). For 

example, the criticism block began with 30 seconds of silence. This was followed by a critical 
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comment that also lasted 30 seconds. Following this there was another rest period, followed by 

another criticism, and this continued until four different critical comments had been presented. 

The same format was followed for the praise comments. Each scanning epoch lasted 4 minutes 

and 30 seconds. There was no co-mingling of comment type within any given scanning epoch. 

The order of the blocks of criticism and praise was counterbalanced across participants.  

Mood Ratings  

 During the MRI scan, participants were asked to rate their mood using a button box. Two 

Visual Analog scales (0-4) assessing how positive or negative they currently felt, with 0 being 

not at all and 4 being completely, were presented on a screen before and after each scan sequence 

to assess any changes in mood before and after the different comments. 

Follow-Up 

 Participants were given the option to participate in follow-up assessments 3, 6, and 12 

months after their MRI scan. During these follow-up assessments, participants were screened for 

mood and anxiety disorders using the Structured Clinical Interview for DSM-5 Disorders, 

Research Version (SCID-5-RV; First, Williams, Karg, & Spitzer, 2015). They also completed 

the Beck Depression Inventory (Beck et al., 1996). 

Data Analyses 

Functional data were processed using SPM12 software (Wellcome Department of 

Cognitive Neurology, London, UK). For each individual subject, fMRI images within a time-

series were first realigned to a reference image (the image in the middle of the time-series) using 

a least squares approach and a 6-parameter rigid body spatial transformation. This preprocessing 

step was done to remove motion-related artifacts and generated a set of realignment parameters. 

These six realignment parameters were later used as regressors for additional motion correction 
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for each individual subject. fMRI images were next coregistered. Images from the different scan 

sequences were realigned to each other. Segmentation was performed to produce grey matter, 

white matter, and cerebro-spinal images for each subject’s structural scans. Each individual 

subject’s fMRI images were spatially/stereotactically normalized to the standardized normalized 

space established by the Montreal Neurological Institute (MNI; http://www.bic.mni.mcgill.ca). 

Finally, each individual subject’s fMRI images were smoothed/convolved with a three-

dimensional Gaussian filter of 6 mm full-width at half maximum (FWHM). This was done to 

reduce noise due to residual differences in anatomy during group averaging. It should be noted 

that the default FWHM of the Gaussian smoothing kernel is 8 mm. Therefore, our Gaussian filter 

of 6 mm was more conservative.  

In SPM, there are two levels of analyses using this preprocessed data. In the first level, 

within-subject analyses are performed. Contrast images for conditions of interest are created for 

each individual subject. In the second level, group analyses are conducted using a summary 

statistic approach; individual contrast images from the first level analyses are used as summary 

measures of each subject.  

More specifically, for the first level individual subject analyses, we first specified the 

General Linear Model (GLM) design matrix. This reflects the experimental design. That is, we 

identified at which timepoints and for how long in the time-series each condition was occurring 

(e.g., we could specify that rest periods after criticism occurred at 60 seconds, 120 seconds, 180 

seconds, 240 seconds in the time-series and for a duration of 30 seconds each time). Therefore, 

each image was associated with a specific condition in the experiment (e.g., rest period before 

criticism, criticism, rest period after criticism, rest period before praise, praise, rest period after 

praise). In this design matrix, we also included the 6 realignment parameters to correct for 

http://www.bic.mni.mcgill.ca/
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motion, 1 nuisance regressor to indicate the use of data from 2 different blocks, and another 

nuisance regressor to indicate the use of different scanner software. We used each individual 

subject’s segmented grey matter structural image as an explicit mask, meaning that only these 

voxels in the brain would be analyzed. GLM parameters were then estimated using a classical 

ReML – Restricted Maximum Likelihood approach. We then computed t contrast images or 

Statistical Parametric Maps by creating contrast vectors for each condition of interest (the rest 

periods after criticism, the rest periods before any criticism, the rest periods after praise, and the 

rest periods before any praise). Thus, each individual subject had 4 different contrast images. 

These contrast images for each individual subject were then entered in a second level, 

between-group, random effects model. We conducted a flexible factorial analysis with 2 factors 

(group [at-risk and controls] and contrast [rest periods after criticism, rest periods before any 

criticism, rest periods after praise, and rest periods before any praise]). Another design matrix 

was created to assign images to the at-risk or control group. GLM parameters were again 

estimated using a classical ReML approach. We then computed t contrast images or Statistical 

Parametric Maps by creating contrast vectors for our contrasts of interest (1. rest periods after 

criticism > rest periods before any criticism for at-risk > controls, and 2. rest periods after praise 

> rest periods before any praise for at-risk > controls).  

Since we were specifically interested in activation in the DN, we applied anatomical 

masks of the DN (the same regions from the study described in Chapter 2 and again based on 

Buckner et al.’s [2008] identification of core DN regions) from the Wake Forest University Pick 

Atlas (Maldjian et al., 2003) when viewing our results at p < 0.005. In other words, we did not 

conduct a whole-brain analysis. However, we were still conducting multiple statistical tests, so 

we used the AFNI program AlphaSim (Ward, 2013) to control for multiple statistical 
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comparisons. This program estimates the probability of a false detection of a significant 

activation of a certain cluster size (i.e., what is the probability that a specific cluster size is truly 

significant). The underlying theory is that real regions of activation are more likely to occur over 

voxels that are next to each other (Forman et al., 1995; Xiong, Gao, Lancaster, & Fox, 1995), 

thus leading to larger clusters of activation; regions of activation due to noise are less likely to 

occur in large clusters. This is known as cluster thresholding. Monte Carlo simulations are then 

run to estimate overall significance levels for different combinations of cluster size thresholds 

and probability thresholds. More specifically, when clusters of activation were identified as 

being significant at p < 0.005, AlphaSim was then used to determine if the size of the cluster 

survived a cluster-level positive detection rate at p < 0.05. We have previously used this method 

to correct for multiple comparisons (Deckersbach et al., 2014; Dougherty, Chou, Buhlmann, 

Rauch, & Deckersbach, In Press.; Dougherty et al., 2016) 

We conducted psychophysiological interaction (PPI) analyses to understand changes in 

effective connectivity between a functional seed in the IPL and other DN regions (rest periods 

after critical comments vs. rest periods after praise comments). To control for multiple statistical 

comparisons, we again used the AFNI program AlphaSim (Ward, 2013) maintained a cluster-

level false positive detection rate at p < 0.05 with a cluster (k) extent empirically determined by 

Monte Carlo simulations in. 

Correlational Analyses 

Spherical regions of interest (ROIs; radius = 5 mm; Figure 6) were created around peak voxels of 

activation in DN regions which showed increased criticism-specific activation in the at-risk 

individuals, the MPFC and the IPL. MarsBaR, a ROI toolbox for SPM 

(http://marsbar.sourceforge.net; Brett et al., 2002), was used to extract beta weight values from 
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these ROIs for each subject for each contrast of interest. All values were scaled to 100. We 

conducted Pearson’s r correlational analyses in SPSS Version 24 with these beta weight values 

to investigate the relationship between activation in the MPFC and the IPL and ruminative 

brooding, reflective rumination, depressive rumination, and thought suppression We used a False 

Discovery Rate (FDR) correction in SPSS Version 24 to correct for multiple comparisons and 

reduce Type I error. Specifically, the Benjamini-Hochberg procedure (Benjamini & Hochberg, 

1995) was used where p values were adjusted after ranking them, multiplying them by the 

number of ranked p values, and divided by their ranking to restrict the false discovery rate to 

0.05.  

Figure 6 

                                          

Spherical regions of interest (ROIs in blue; radius = 5 mm) were centered around peak voxels of 

activation in DN regions (MPFC on left and IPL on right; activation in yellow) which showed increased 

criticism-specific activation in at-risk individuals.  

 

Follow-Up Analyses 

 

 Finally, we performed multiple linear regression analyses (the enter method or 

simultaneous entry) in SPSS Version 24 to test whether DN activation after criticism could 

predict depressive symptoms 3, 6, and 12 months after the MRI scan. Specifically, the 

independent variables were the beta weight values extracted from the MPFC and the IPL and the 

dependent variable was BDI scores at the different timepoints.  
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Results 

Mood Ratings 

 All participants felt more negative (M = 1.11 on a scale from 0 = not at all negative to 4 = 

completely negative, SD = 0.95) after hearing criticism compared with their baseline mood (M = 

0.78, SD = 0.93; t(52) = 2.23, p = 0.03). At-risk individuals and controls did not significantly 

differ in their negative mood ratings following criticism (p > 0.05). Participants did not feel 

significantly more positive after hearing praise compared with baseline; however, the control 

group did experience a slight increase in positive feelings from 2.75 (SD = 0.89) to 2.96 (SD = 

0.74), whereas the at-risk group reported little change in positive feelings from baseline after 

praise (baseline M = 2.72, SD = 0.74; after hearing praise M = 2.72, SD = 0.84).   

Criticism-Specific DN Hyperactivation in At-Risk Individuals 

 After hearing the critical comments, individuals at-risk for depression (i.e., females with 

high levels of neuroticism) showed greater activation in a few DN regions, relative to controls 

(Figure 7). Specifically, individuals at-risk for depression showed greater activation in bilateral 

MPFC (left MPFC [Brodmann area 10], MNI coordinates = -6, 60, 18, Z-score = 3.69, k = 81 

voxels, right MPFC [Brodmann area 9], MNI coordinates = 6, 58, 30, Z-score = 3.35, k = 61 

voxels) after hearing criticism. These clusters of activation exceeded AlphaSim correction for 

multiple comparisons to preserve an α < 0.005. At-risk individuals also showed greater activation 

in the left IPL (Brodmann area 40; MNI coordinates = -46, -36, 50, Z-score = 2.47, k = 212 

voxels) after hearing criticism, compared to controls. This cluster exceeded AlphaSim correction 

for multiple comparisons to preserve an α < 0.05. There were no significant differences in DN 

activation between the at-risk individuals and controls after hearing praise (Figure 8). 
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Figure 7 

 

 

Individuals at-risk for depression (i.e., females with high levels of neuroticism) showed greater medial 

prefrontal cortex (MPFC; left MPFC MNI coordinates = -6, 60, 18 [Brodmann area 10], right MPFC MNI 

coordinates = 6, 58, 30 [Brodmann area 9]) and inferior parietal lobule (IPL; left IPL MNI coordinates = -

46, -36, 50 [Brodmann area 40]) activation during rest periods after criticism compared to rest periods 

before criticism, relative to controls. Results overlaid on Montreal Neurological Institute’s template of 

152 T1-weighted scans. 
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Figure 8 

 

 

There were no significant differences between individuals at-risk for depression (i.e., females with high 

levels of neuroticism) and controls in medial prefrontal cortex (MPFC) or inferior parietal lobule (IPL) 

activation during rest periods after praise compared to rest periods before praise, relative to controls.  

 

Criticism-Specific DN Effective Connectivity 

 There were no significant group differences in changes in coupling between our 

functional seed in the IPL and other DN regions during the rest periods after criticism, compared 

to the rest periods after praise comments. All clusters identified through the PPI analysis did not 

survive AlphaSim correction for multiple comparisons to preserve an α < 0.05. 

Correlations with Criticism-Specific DN Hyperactivation 

 Activation in the MPFC and the IPL after hearing criticism was not significantly 

correlated with ruminative brooding, depressive rumination, reflective rumination, or thought 
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suppression after FDR correction for multiple comparisons. The correlational coefficients are 

presented in Table 4.  

Table 4 

 Ruminative 

Brooding 

Depressive 

Rumination 

Reflective 

Rumination 

Thought 

Suppression 

Medial 

Prefrontal 

Cortex 

0.30 0.28 0.25 0.09 

Inferior 

Parietal Lobule 

0.27 0.16 0.03 0.07 

Correlations between default network activation, rumination, and thought suppression. Note that these 

correlations were not statistically significant after FDR correction. 

 

Mind-Wandering Measures 

 After the MRI scan, participants reported the thoughts they had after hearing criticism 

and praise (as measured by the Thought Sampling Questionnaire; Appendix C). After hearing 

criticism, at-risk individuals were more likely to report thoughts related to how self-relevant the 

critical comments were (e.g., “not taking responsibility is something that has recently affected 

my life and the lives of those around me” and “they touched on some of the insecurities I have 

about myself”) and have negative thoughts about the comments (e.g., “is this why people don’t 

like me?”). In contrast, the average neuroticism controls reported having more thoughts about 

how the comments did not relate to them (e.g., “my mom wouldn’t say these things to me,” 

“most of the criticism doesn’t really fit my idea of myself and what others have told me”). These 

reports were consistent with participants’ retrospective estimates of the proportions of time they 

spent having specific kinds of mind-wandering thoughts. Relative to controls, at-risk individuals 

estimated having more negative mind-wandering thoughts after hearing criticism (at-risk M = 

30.70%, SD = 37.20%, controls M = 9.20%, SD = 15.54%, t(34) = 2.42, p = 0.02, Cohen’s d = 

0.76). 
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 Both groups of participants also reported having thoughts related to their present 

experience (e.g., about the MRI scanner and the experimental design). Examples include “the 

MRI doesn’t smell like anything; I wonder how they clean it?” and “what is this study really 

looking for?”). They also reported having thoughts that concerned plans for the future (e.g., 

“what I had left to do for homework tonight”). There were no significant group differences in the 

proportions of neutral (t(34) = -0.32, p = 0.75) or positive (t(34) = -0.77, p = 0.45) thoughts 

participants had after hearing criticism. At-risk individuals and controls also did not have 

significant differences in the proportions of past (t(34) = -0.56, p = 0.58), present (t(34) = 1.18, p 

= 0.25), or future-oriented (t(34) = 0.78, p = 0.44) thoughts after hearing criticism. 

 After hearing praise, both at-risk individuals and average neuroticism controls reported 

thinking about the self-relevance of the praise comments (with only one [control] participant 

elaborating on the specific thoughts: “I do have a good sense of humor! This is fun”). Both 

groups again reported thinking about the present study, MRI scanner, and later plans. Based on 

the retrospective estimates of the proportion of time spent on different kinds of thoughts, there 

were no significant group differences in the proportions of negative (t(34) = 0.76, p = 0.45), 

neutral (t(34) = -1.45, p = 0.16), or positive (t(34) = -1.56, p = 0.13) thoughts after hearing 

praise. At-risk individuals and controls also did not significantly differ in estimated proportions 

of past (t(34) = -1.58, p = 0.12), present (t(34) = -0.64, p = 0.52), or future-oriented (t(34) = -

0.63, p = 0.53) thoughts after hearing praise.  

Criticism-Specific DN Activation and Changes in Depressive Symptoms 

 Follow-up data collection is ongoing. Out of 53 participants, 15 participants opted out of 

the follow-up assessments or missed all 3 possible data collection points. Out of the remaining 

possible 114 data points, 102 data points have been collected (89.47%). Since the MRI scan, 4 
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participants have met criteria for a major depressive episode (Table 5). The at-risk group had 

significantly higher BDI scores than the controls at 6 months post scan (t(30) = 2.52, p = 0.02; 

Table 5).  

Table 5 

Beck Depression Inventory 

Scores 

At-Risk Controls 

3 Months After Scan 3.83 (2.52) 2.21 (3.74) 

     Range 0-8 0-15 

6 Months After Scan 5.54 (5.27)* 1.89 (2.90) 

     Range 0-17 0-11 

12 Months After Scan 4.45 (4.44) 4.67 (7.72) 

     Range 0-13 0-27 

Number of Major 

Depressive Episodes 

2 2 

Data from follow-up assessments of depressive symptoms 3 months, 6 months, and 12 months after the 

MRI scan. Note that values are group means and standard deviations are in parentheses. Significant 

between-group difference, two-tailed *p < 0.05. 

 

 Multiple linear regressions were calculated to predict BDI scores at 3 months, 6 months, 

and 12 months post MRI scan based on beta weight values extracted from the MPFC and IPL 

after criticism. No significant regression equations were found. MPFC and IPL activation did not 

significantly predict BDI scores at 3 months (R2 = 0.02, F(2,28) = 0.25, p = 0.78, Cohen’s f 2 = 

0.02), 6 months (R2 = 0.01, F(2,29) = 2.05, p = 0.90, Cohen’s f 2 = 0.01), or 12 months (R2 = 

0.17, F(2,23) = 2.32, p = 0.12, Cohen’s f 2 = 0.20) post scan. The statistics from the multiple 

regression analyses are presented in Table 6.  

 

 

Space intentionally left blank; table on next page 

 

 



61 

Table 6 

Predicting Depressive 

Symptoms:  

B SE B β 

3 Months After Scan    

MPFC activation 1.20 2.46 .11 

IPL activation 0.32 2.75 .03 

6 Months After Scan    

MPFC activation 1.283 3.05 .10 

IPL activation -0.46 3.55 -.03 

12 Months After Scan    

MPFC activation -8.843 4.20 -.50 

IPL activation 4.26 4.88 .21 
Multiple linear regression (enter method) analyses using MPFC and IPL activation to predict depressive 

symptoms 3, 6, and 12 months after the MRI scan. None of the analyses were significant.  

 

Discussion 

 Individuals identified as being at-risk for depression (females with high levels of 

neuroticism) showed some evidence of DN hyperactivation after hearing criticism, relative to 

individuals with average levels of neuroticism. Specifically, at-risk individuals showed increased 

activation in bilateral MPFC and the left IPL (Figure 7). There were no group differences in the 

DN during the rest periods following praise (Figure 8). There also were no group differences in 

effective connectivity between the IPL and other DN regions after hearing criticism compared to 

after hearing praise. DN hyperactivation after criticism was not significantly correlated with 

ruminative brooding, reflective rumination, depressive rumination, or thought suppression (Table 

4).  

Criticism-Specific DN Hyperactivation in At-Risk Individuals 

Our finding of DN hyperactivation in at-risk individuals adds to prior studies finding 

anatomical abnormalities in a DN region (Holmes et al., 2012) and greater resting-state DN 

connectivity (Posner et al., 2016) in individuals at-risk for depression. In addition, our study did 

not have some of the limitations associated with these prior studies. For example, our 
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participants were extensively screened for current and lifetime history of mood and anxiety 

disorders and psychotropic usage. The sample was also not exclusively Caucasian and all 

recruited participants were within a similar age range. As with previous studies, we found 

evidence of abnormalities in specific DN regions (MPFC and IPL) rather than across the entire 

DN. Our MPFC hyperactivation finding is in line with results of Holmes et al. (2012), which 

linked reduced MPFC cortical thickness to individuals at-risk for depression. The participants in 

Holmes et al.’s (2012) study were phone screened for psychiatric disorders. Although the 

specific screening assessment was not mentioned, it is likely their participants were similar to the 

participants in our study with no current or lifetime history of mood or anxiety disorders. Posner 

et al.’s (2016) study implicated greater connectivity within the left LPC and precuneus/PCC in 

individuals at-risk for depression; our at-risk individuals did not show hyperactivation or greater 

effective connectivity in either of these regions. However, Posner et al.’s (2016) study included 

individuals with current and lifetime psychological disorders. Based on this pattern of findings, it 

is possible that problems with MPFC (and perhaps IPL) structure and activity could be an 

underlying vulnerability for individuals at-risk for depression, but who have never experienced 

depression before. 

At-risk individuals did not show any differences in activation in the hippocampus or 

PCC/retrosplenial cortex and did not show greater effective connectivity between the IPL and 

PCC. This is in contrast with the findings reported in Chapter 2 where we found widespread DN 

hyperactivation in the MPFC, IPL, hippocampus, and PCC/retrosplenial cortex and greater 

effective connectivity between the IPL and PCC in currently depressed individuals. 

Hyperactivation after criticism in the hippocampus and PCC/retrosplenial cortex may be linked 
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to the experience of having at least one depressive episode. Criticism-specific hyperactivation in 

the MPFC and IPL could also be linked to risk for depression.  

There is also a major difference between the studies reported in Chapters 2 and 3 that 

could explain the different pattern of findings. In the study described in Chapter 2, participants 

heard critical and praising comments from their own mothers. Although such an approach has 

high ecological validity, it is obviously the case that different participants heard different 

comments. In the present study, this was controlled; all participants heard a standard set of both 

critical and praise comments. However, it is possible that hearing comments from their own 

mothers prompted currently and recovered depressed participants in Chapter 2’s study to think 

about past instances during which they may have acted in ways that reflected the behaviors in the 

comments. They may also have had other memories associated with their mothers criticizing 

them or recalled other specific memories involving their mothers. The hippocampus is involved 

in memory processing (e.g., Eichenbaum, 2001) and the PCC has been implicated in episodic 

memory retrieval and autobiographical memories of family members and friends (Maddock, 

Garrett, & Buonocore, 2001). We asked participants in the present study to imagine that both the 

critical and praise comments were being spoken by someone close to them; however, participants 

may have had varying levels of success in doing so. Based on our retrospective thought sampling 

data, it appears that individuals at-risk for depression and controls engaged in autobiographical 

memory retrieval by thinking about the self-relevance of the criticism; however, only one at-risk 

individual reported thoughts about the specific person they were imagining saying these 

comments to them. Therefore, since participants in the present study may not have been 

engaging in additional retrieval of memories associated with the person saying the comments, 

this could possibly explain the absence of differences in activation in the hippocampus and PCC 
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after hearing criticism. The lack of PCC hyperactivation in the at-risk individuals, combined with 

prior studies showing that changes in PCC connectivity is associated with recovery from 

depression (Li et al., 2013; M. Wu et al., 2011) could also point to the PCC being associated with 

current depression. A future study similarly using an at-risk sample exposed to critical and praise 

comments from their own mothers would help disentangle whether these differences are due to 

differences in study stimuli. 

Regardless of whether a few DN regions or the entire DN shows hyperactivation in at-

risk individuals, we did find that MPFC and IPL hyperactivation specifically appears after 

exposure to negative self-referential stimuli, but not after positive self-referential stimuli. This 

specific pattern of findings suggests that DN hyperactivation in the face of criticism might 

represent a cognitive vulnerability for depression. That is, DN hyperactivation might be 

associated with preferentially processing negative information in individuals who do not have 

current or past depression but who are at-risk or vulnerable for depression. 

Criticism-Specific DN Activation and Correlations with Cognitive Processes 

 DN activation after criticism was not significantly correlated with ruminative brooding, 

reflective rumination, depressive rumination, or thought suppression. This is again in contrast 

with previous results that have linked rumination with DN functional connectivity in currently 

depressed individuals (Hamilton et al., 2011; Zhu et al., 2017).  

 In terms of the specific thoughts participants were having during periods of DN 

activation, at-risk individuals more frequently thought about the self-relevance of the critical 

comments, were more likely to identify with them, and had more negative thoughts about the 

comments (based on the retrospective thought sampling data). At-risk individuals also self-

reported having a significantly higher proportion of negative, rather than positive or neutral, 
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thoughts after hearing criticism, compared with controls. It is therefore possible that DN 

hyperactivation was tracking negative self-referential thinking that was specifically triggered by 

criticism.  

 Overall, our study offers preliminary evidence that individuals at-risk for depression 

show hyperactivation in specific DN regions when presented with criticism. Based on multiple 

measures of different cognitive processes, it is possible that DN activation after criticism 

supports negative, self-referential types of thoughts in individuals at-risk for depression. 

Limitations and Future Directions 

There were several limitations to this study. First, it remains unclear if MPFC and IPL 

hyperactivation is an underlying cognitive vulnerability that is correlated with later depressive 

symptoms. Our follow-up data thus far do not support a relationship between DN hyperactivation 

and changes in depressive symptoms. Future studies should include a larger sample size with 

more frequent follow-up periods to properly evaluate DN activity as a predictor of depression. 

 Second, it should be acknowledged that our controls, although scoring in the average 

range on one risk factor for depression, neuroticism, could have other risk factors for depression 

that were not assessed. For example, we did not assess family history of depression in our 

controls. If our controls had a family history of depression, then they would more accurately be 

categorized as at-risk individuals, not controls. It would therefore be difficult to meaningfully 

interpret our group difference findings. At the same time, Holmes et al. (2012) found that 

controlling for family history of psychiatric disorders did not change the reduced MPFC cortical 

thickness findings in high negative affect individuals. Future studies involving a more extensive 

screening of multiple risk factors for depression are necessary to better understand the 

relationship between DN activity and specific versus general risk for depression.   
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 Third, although we assessed different cognitive processes using multiple self-report 

measures and retrospective reports of thoughts, we still may not have a clear picture of the types 

of mind-wandering thoughts that are being supported by the DN. Future studies with thought 

sampling in the moment, rather than retrospectively, would help clarify the thoughts that 

participants had after hearing the critical comments. The following chapter (Chapter 4) describes 

a behavioral mind-wandering study, in which we exposed individuals to the same critical and 

praise comments. To gain more clarity into the thoughts that are triggered by criticism, we 

probed for mind-wandering thoughts after exposure to criticism. 
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Chapter 4: Mind-Wandering After Criticism  
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Introduction 

The studies described in Chapters 2 and 3 were designed to explore whether DN 

abnormalities are present in individuals at-risk for depression, individuals who are currently 

depressed, and individuals who have recovered from depression. We also began to investigate if 

these DN abnormalities are associated with different cognitive processes relevant to depression. 

Preliminary findings described in Chapter 2 suggested that individuals with current depression or 

with a past history of depression might, relative to controls, be experiencing more negative and 

ruminative thoughts after hearing criticism. The results presented in Chapter 3 further suggested 

that this might also be the case for people higher in neuroticism.  

Importantly, at-risk individuals, currently depressed, and recovered depressed individuals 

only showed DN hyperactivation after criticism. They did not show DN hyperactivation after 

hearing praising comments; in fact, they were no different from controls. This pattern of findings 

suggests that exposure to criticism may be triggering something in individuals across the clinical 

course of depression that is not triggered (or triggered to a lesser extent) than controls. This 

raises the question of what is being triggered by criticism; that is, what are people thinking about 

after being exposed to criticism? 

Due to a range of methodological concerns such as the potential for head motion and 

interference with MRI data acquisition, we cannot ask participants to report their thoughts during 

an MRI scan. We can only indirectly identify cognitions by assessing self-reported tendencies to 

engage in certain cognitive processes such as rumination and retrospective reports of thoughts 

after the scan ends. Unfortunately, data from retrospective reports is susceptible to recall biases. 

Several studies suggest that depressed individuals and individuals with high levels of neuroticism 

(such as our at-risk individuals in Chapter 3) have negative recall biases relative to controls. For 
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example, depressed individuals recall more negative than positive stimuli (e.g., Gotlib et al., 

2004; Matt, Vázquez, & Campbell, 1992), particularly if the recalled negative material is self-

relevant (Baños, Medina, & Pascual, 2001). Individuals with high levels of neuroticism also 

recall more negative than positive stimuli (Rijsdijk et al., 2008), especially when they are placed 

in a negative mood (Bradley, Mogg, Galbraith, & Perrett, 1993). Perhaps reflecting this, our high 

neuroticism, at-risk individuals retrospectively reported more negative, relative to positive or 

neutral, mind-wandering thoughts after hearing criticism. Given the literature on negative recall 

biases in neuroticism, it is possible that our high neuroticism, at-risk participants were also 

having positive mind-wandering thoughts during periods of DN hyperactivation; however, they 

may have been more inclined to recall the negative thoughts due to the delay (approximately 30 

to 45 minutes) between when they heard the criticism and when they were asked to report on 

their thoughts. To the extent that this is true, we may not have an accurate understanding of the 

types of thoughts that are associated with criticism-specific DN hyperactivation.  

As reviewed in Chapter 1, mind-wandering occurs when people spontaneously have 

thoughts that have nothing to do with their ongoing activities. Various terms have been used to 

describe this phenomenon, such as daydreaming, stimulus-independent thought, task-unrelated 

thought, and self-generated thought. Several mind-wandering paradigms have been developed 

that allow for the investigation of thoughts in the moment. Following on from the previous 

studies, we therefore conducted a behavioral mind-wandering study to learn more about the 

thoughts that are triggered by criticism. Importantly, the delay between when participants heard 

the criticism and when they were asked to report on their thoughts was between 1 and 5 minutes 

(far shorter than the 30 to 45 minute delay in the neuroimaging study described in Chapter 3). 
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Based on the findings described in Chapter 3 showing more negative mind-wandering 

thoughts after hearing criticism, as well as prior studies showing the DN is involved in 

remembering the past and envisioning the future (as reviewed in Chapter 1; e.g., Buckner & 

Carroll, 2007; Schacter et al., 2007), we asked questions about the temporal focus (time frame) 

and the valence of participants’ mind-wandering thoughts that occurred after hearing criticism. 

Consideration of the temporal focus and the valence of mind-wandering thoughts is also relevant 

from a clinical perspective. As reviewed in Chapter 1, depressed individuals tend to have more 

negative thoughts about the past and future in response to negative information.  

We investigated these thoughts in individuals with higher versus lower depressive 

symptoms. In our previous studies, individuals with various levels of depressive symptoms and 

individuals at-risk for depression showed criticism-specific DN hyperactivation. Therefore, in 

this study, we explored mind-wandering after criticism associated with elevated levels of 

depressive symptoms. We did not measure DN activity in this study. However, we have already 

examined DN activation after criticism in the earlier studies. The current study provides a more 

fine-grained description of mind-wandering thoughts in participants with higher versus lower 

depressive symptoms following criticism. As such, it may allow us to gain increased knowledge 

about the kinds of thoughts that might be linked with criticism-specific DN hyperactivation.  

In many respects, this method is similar to the approach used by DN researchers to 

understand what kinds of thoughts are associated with DN activity in healthy individuals. 

Specifically, researchers have used two related types of studies. First, using an fMRI study, they 

have examined DN activity during a task (for example, during a visual fixation task). Then, in a 

behavioral mind-wandering study, they ask participants what they are thinking about during the 

same type of task. Based on the findings, researchers can then make inferences about the kinds of 
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thoughts that may be happening during DN activity during the task (Andrews-Hanna, Reidler, 

Huang, et al., 2010; Binder et al., 1999; McKiernan et al., 2006). In a similar manner, we 

conducted fMRI studies in Chapters 2 and 3 looking at DN activity after hearing criticism and 

praise. In this chapter, we conducted a behavioral mind-wandering study to look at spontaneous 

mind-wandering thoughts after hearing criticism. Such an approach may place us in a position to 

speculate on the types of thoughts experienced during criticism-specific DN hyperactivation in 

people with depressive symptoms.  

Research Questions and Hypotheses 

We tested if individuals with higher levels of depressive symptoms reported more mind-

wandering after hearing criticism, compared to individuals with lower levels of depressive 

symptoms. We also examined if individuals with higher levels of depressive symptoms had more 

negative mind-wandering thoughts about the past and future after hearing criticism, compared to 

individuals with lower levels of depressive symptoms. Additionally, we investigated whether, 

after hearing criticism, mind-wandering during a computer task was correlated with performance 

on that task. We also explored the link between mind-wandering and neuroticism. Finally, we 

investigated associations between mind-wandering after criticism and negative cognitive 

processes such as rumination and thought suppression, as well as participants’ mind-wandering 

behavior in daily life. We hypothesized that individuals with higher levels of depressive 

symptoms would mind-wander more than individuals with lower levels of depressive symptoms, 

after being exposed to criticism. We also hypothesized that individuals with higher levels of 

depressive symptoms would have more negative mind-wandering thoughts about the past and 

future after hearing criticism. Finally, we hypothesized that mind-wandering after hearing 

criticism would be correlated with poorer computer task performance, higher levels of 
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neuroticism, more ruminative brooding and depressive rumination, and more guilty or fear of 

failure mind-wandering thoughts in daily life.  

Participants 

 Sixty participants were recruited from the community (35 females, 58.33%). Based on 

previous studies on mind-wandering and depressive symptoms (e.g., Smallwood, O'Connor, 

Sudbery, & Obonsawin, 2007), a statistical power analysis revealed that an approximate sample 

of ninety participants would be needed to achieve power = 0.80. Therefore, this study’s results 

should be interpreted as an initial pilot study. The average age of this study’s participants was 

20.12 years old (SD = 2.12 years, range = 11 years) and their average years of education was 

13.48 (SD = 1.33 years, range = 5 years). The sample consisted of Caucasian (53.3%), Asian 

(21.7%), Hispanic (10.0%), Multiracial (8.3%), and African American (6.7%) participants.  

Procedures 

Measures 

Participants first completed the following measures: the Ruminative Responses Scale 

(RRS) of the Response Styles Questionnaire (Nolen-Hoeksema & Morrow, 1991), the Beck 

Depression Inventory (Beck et al., 1961), and the White Bear Suppression Inventory (Wegner & 

Zanakos, 1994). These measures were described in Chapter 2. Participants also completed the 

NEO-Five Factor Inventory (Costa & MacCrae, 1992) which was described in Chapter 3. 

Participants additionally completed the following questionnaire. 

Imaginal Processes Inventory  

 To assess the frequency with which people mind-wander in daily life and the types of 

mind-wandering that people tend to engage in, we administered the Imaginal Processes 

Inventory (IPI; Singer & Antrobus, 1972; Appendix A), a self-report questionnaire that has two 
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parts. The first part contains 24 items assessing how frequently people daydream or mind-wander 

in real life (e.g., “When I am at a meeting or show that is not very interesting, I daydream rather 

than pay attention”). The second part has 45 items which assess the tendency to engage in 

specific types of mind-wandering; these items belong to three different subscales (Huba, 

Aneshensel, & Singer, 1981): guilty or fear of failure mind-wandering (e.g., “I imagine myself 

failing those I love”), positive-constructive mind-wandering (e.g., “My daydreams are often 

stimulating and rewarding”), and general inattention mind-wandering (e.g., “No matter how hard 

I try to concentrate, thoughts unrelated to my work always creep in”). The IPI has adequate 

levels of internal consistency with alpha coefficients of at least .7 (Huba et al., 1981). 

Comments 

 All participants heard a series of four 30-second praise, criticism, and neutral comments 

directed at them (Appendix B). The same praise and critical comments were used for the study 

described in Chapter 3. The order of these comments was counterbalanced. Participants again 

rated the self-relevance of the different comments using a scale from 0 (not at all) to 100 

(completely relevant) at the end of the study. 

Mood Ratings 

 Participants rated their current negative mood using a 0-100 Visual Analog scale (0 = not 

at all; 100 = completely). This mood rating scale was administered at baseline, before and after 

the comments, and before and after the computer task (see section below) to assess any changes 

in mood throughout the study.  

Computer Task with Thought Sampling  

 We measured mind-wandering behavior during an engaging and moderate-demand task 

to study more maladaptive (i.e., off-task) forms of mind-wandering. After hearing critical, praise, 
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or neutral comments, participants completed a modified version of the Multi-Source Interference 

Task (MSIT; Bush, Shin, Holmes, Rosen, & Vogt, 2003). This is a measure of cognitive control 

and attention. It requires participants to identify a target number in a three-digit number that is 

different from the other two numbers. On control trials, the target number and its location in the 

sequence are the same. For example, if the participant sees “122” the correct answer is “1” and 

the participant would press “1” on the button box. On interference trials, the identity of the target 

number is not the same as its position in the sequence (e.g., “221”) requiring the participant to 

suppress the urge to press “3” (which reflects the position of the number) and instead press “1” 

on the button box to identify the correct target number. The MSIT does not have practice effects, 

so the task can be repeatedly administered without significant changes in task performance over 

time. 

 Prior to the modified MSIT, participants were trained to recognize and categorize mind-

wandering thoughts. They were given 5 sample thoughts to categorize. For example, for the 

sample thought “I can’t wait to hang out with my best friend later,” participants would press 

“Not Task,” “future,” and “positive” keys to indicate that this thought was unrelated to the task, 

was about the future, and was positive. Participants continued with the real experiment only after 

they had correctly categorized all 5 of these sample thoughts. 

 During the real version of the modified MSIT, participants were randomly interrupted 8 

times. Instead of seeing a digit on the screen, the following question appeared: “Right before you 

saw these words, were you thinking about the task or something else?” Participants responded by 

pressing one key if they were having task-related thoughts and another key for task-unrelated 

thoughts. If they reported having task-unrelated thoughts they then saw another screen with the 

question “Were your thoughts about the past, present, or future?” This was followed by a final 
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screen with a question that asked, “Were your thoughts positive, neutral, or negative?” After 

completion of these questions, participants resumed seeing digits on the screen. 

Data Analyses 

 We used a one-way (1 x 4) repeated measures ANOVA to compare negative mood 

ratings at (1) baseline, (2) after hearing neutral comments, (3) after praise, and (4) after criticism, 

following up with post-hoc t-tests. We performed a median split (median = 8.50) on our 

continuous measure of depressive symptoms. The lower depressive symptoms group consisted of 

n = 32 individuals with BDI scores lower than or equal to 9. The higher depressive symptoms 

group was comprised of n = 28 individuals with BDI scores higher than 9. The lower depressive 

symptoms group had an average BDI score of 4.44 (SD = 2.82) and the higher depressive 

symptoms group had an average BDI score of 16.57 (SD = 7.07). It is important to note that BDI 

scores above 13 are interpreted as “mild depression” (Beck et al., 1996).  

 To test whether individuals with higher levels of depressive symptoms mind-wander 

more after hearing criticism relative to individuals with lower levels of depressive symptoms, we 

used an independent samples t-test to examine if the two groups differed on the percentage of 

occasions they reported mind-wandering when interrupted during the computer task after hearing 

criticism. To test whether individuals with higher levels of depressive symptoms had more 

negative mind-wandering thoughts about the past and future relative to individuals with lower 

levels of depressive symptoms, we also used an independent samples t-test to examine between 

group differences in the frequency of negative mind-wandering thoughts about the past and 

future after hearing criticism.  

 Finally, we used Pearson’s bivariate correlational analyses to explore the association 

between mind-wandering behavior during the computer task after hearing criticism and task 
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performance, neuroticism, ruminative brooding, depressive rumination, reflective rumination, 

thought suppression, and different types of mind-wandering in daily life. FDR correction was 

performed using the Benjamini-Hochberg procedure (Benjamini & Hochberg, 1995) to correct 

for multiple comparisons and reduce Type I error. 

Results 

Mood Ratings 

 Participants reported significant differences in their negative mood depending on which 

comments they had just heard (F(3,177) = 19.05, p < 0.001, η² = 0.14). Post-hoc paired sample t-

tests revealed that participants felt more negative after hearing criticism (M = 31.30 on a 0-100 

scale, SD = 21.90) compared to baseline (M = 24.08, SD = 18.65, t(59) = 3.57, p = 0.001, 

Cohen’s d = 0.35). The higher depressive symptoms group felt more negative (M = 39.82, SD = 

21.21) after hearing criticism than did the lower depressive symptoms group (M = 23.84, SD = 

19.96; t(58) = 3.01, p = 0.004). There was a non-significant trend towards individuals with 

higher levels of depressive symptoms endorsing higher self-relevance ratings of critical 

comments, compared with individuals with lower levels of depressive symptoms (t(58) = 1.96, p 

= 0.06, Cohen’s d = 0.50). There were no significant between group differences in self-relevance 

ratings of praising comments (p > 0.05). 

 Participants felt less negative after hearing praise (M = 17.75, SD = 19.35, t(59) = -3.70, 

p < 0.001, Cohen’s d = 0.28) compared to baseline negative mood ratings. Individuals with lower 

levels of depressive symptoms felt less negative (M = 8.78, SD = 9.23) after hearing praise 

compared to individuals with higher levels of depressive symptoms (M = 28.00, SD = 22.72, 

t(58) = -4.39, p < 0.001, Cohen’s d = 1.11). There was no significant difference between baseline 
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negative mood ratings and negative mood ratings after hearing the neutral comments (M = 21.40, 

SD = 18.10, t(59) = -1.93, p = 0.07).  

Mind-Wandering Frequency 

 After hearing criticism, there was a non-significant trend towards individuals with higher 

levels of depressive symptoms reporting more mind-wandering (M = 57.08%, SD = 29.12%) 

when they were randomly interrupted during the computer task relative to individuals with lower 

levels of depressive symptoms (M = 45.42%, SD = 25.53%; t(58) = 1.65, p = 0.10, Cohen’s d = 

0.43).  

Mind-Wandering Thought Content 

 After hearing criticism, individuals with higher levels of depressive symptoms reported 

more negative mind-wandering thoughts about the past compared with individuals with lower 

levels of depressive symptoms (t(58) = 2.16, p = 0.04, Cohen’s d = 0.56; Figure 9). Individuals 

with higher levels of depressive symptoms also reported more general mind-wandering thoughts 

about the past (i.e., negative, neutral, or positive thoughts about the past) relative to individuals 

with lower levels of depressive symptoms (t(58) = 2.01, p = 0.049, Cohen’s d = 0.52). 
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Figure 9 

 

Individuals with higher levels of depressive symptoms reported more negative mind-wandering thoughts 

about the past during an unrelated computer task after hearing criticism (compared to individuals with 

lower levels of depressive symptoms). Two-tailed *p < 0.05 

 

Mind-Wandering Correlations 

 Having mind-wandering thoughts during the computer task after criticism was not 

significantly correlated with number of errors made on the MSIT, neuroticism, rumination 

subtypes, thought suppression, or types of daily mind-wandering. Correlational coefficients are 

presented in Table 5.  
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Table 5 

After Hearing Criticism % Mind-Wandering When 

Interrupted During 

Computer Task 

Negative Past-Oriented 

Mind-Wandering Thoughts 

Computer Task 

Performance 

0.30 -0.09 

Neuroticism 0.09 0.19 

Ruminative Brooding 0.20 0.10 

Depressive Rumination  0.24 0.14 

Reflective Rumination 0.10 0.10 

Thought Suppression 0.19 0.06 

Daily Guilty or Fear of 

Failure Mind-Wandering 

0.18 0.10 

Daily Positive or 

Constructive Mind-

Wandering 

0.23 0.28 

Daily General Inattention 

Mind-Wandering 

0.10 0.29 

Correlations between mind-wandering during the computer task, task performance, neuroticism, negative 

cognitive processes, and mind-wandering in daily life. Note that these correlations were not statistically 

significant after FDR correction. 

 

Discussion 

Criticism and Mind-Wandering Frequency 

 After hearing criticism, there was a non-significant trend towards individuals with higher 

levels of depressive symptoms reporting more overall mind-wandering when interrupted during 

the computer task than individuals with lower levels of depressive symptoms. This is somewhat 

in line with previous study results showing that individuals with low levels of depressive 

symptoms mind-wander more than individuals who do not have depressive symptoms 

(Smallwood et al., 2005). These findings suggest that depressive symptoms may increase the 

likelihood of mind-wandering.   

Criticism and Mind-Wandering Thought Content 

 Individuals with higher levels of depressive symptoms had specific kinds of mind-

wandering thoughts after hearing criticism. They had more negative mind-wandering thoughts 
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about the past (relative to individuals with lower levels of depressive symptoms). Individuals 

with higher levels of depressive symptoms also had more mind-wandering thoughts about the 

past in general. We have thus extended previous findings showing that individuals with 

depressive symptoms mind-wander more about the past (Smallwood & O'Connor, 2011), by 

showing they can also specifically have more negative thoughts about the past.  

 It is possible that the negative past-oriented mind-wandering thoughts were about the 

critical comments. According to research on cognitive biases in depression (e.g., Gotlib & 

Joormann, 2010), depressed individuals preferentially process, have difficulty disengaging from, 

and have enhanced recall of negative stimuli. For example, when participants are presented with 

negative and positive self-relevant adjectives, and then told to forget these words (because they 

were “practice trials”), depressed individuals still recall more negative adjectives compared to 

controls (Power, Dalgleish, Claudio, Tata, & Kentish, 2000). That is, even though depressed 

individuals were asked to reallocate their cognitive resources elsewhere, they still preferentially 

processed and encoded the negative stimuli. Similarly, it is possible that our participants with 

higher levels of depressive symptoms continued to think (i.e., mind-wander) about the critical 

comments even when they were supposed to move on and focus on a computer task. Thus, these 

individuals reported more negative mind-wandering thoughts about the past (i.e., thoughts about 

the critical comments). However, we cannot verify if the negative past-oriented mind-wandering 

was about the critical comments; we did not explicitly ask participants about this. 

 We did not replicate previous findings that being exposed to negative stimuli leads to 

more negative mind-wandering about the future (Antrobus et al., 1966). However, it is important 

to note that in the study by Antrobus et al. (1966), anxious mood was likely more prominent. In 

this study, young men heard a fake radio broadcast declaring a new war and upcoming military 
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draft. This led to these young men to mind-wander more about the future. Because our 

participants were exposed to critical comments which were more likely to evoke thoughts about 

the past (e.g., previous instances when others have criticized them or when they might have acted 

in ways consistent with the comments) rather than the future, this may explain the difference in 

findings.   

Correlations with Mind-Wandering 

 Having negative mind-wandering thoughts about the past after criticism was not 

significantly correlated with rumination. This suggests that the negative past-oriented thoughts 

might have been experienced as fleeting thought intrusions rather than perseverative in nature. 

Other researchers have also suggested that simply having negative thoughts does not mean that 

someone is engaging in rumination (e.g., Papageorgiou & Wells, 2004).  

Limitations and Future Directions 

 We measured mind-wandering behavior during a moderate-demand task to study more 

maladaptive (i.e., off-task) forms of mind-wandering. Participants had, on average, a 95.1% 

accuracy rate, suggesting that participants were sufficiently engaged by the computer task to be 

performing at significantly higher than chance levels. It is possible that the high accuracy rate 

meant that participants had enough cognitive resources to perform well on the task and mind-

wander at no cost. Antrobus et al. (1970) found that assigning monetary incentives to task 

performance significantly decreased reports of mind-wandering. Future investigations could 

investigate if mind-wandering even in the context of a monetary incentive or a high-cognitive 

demand is still not correlated with other negative cognitive processes.  

 Additionally, this study was performed in individuals with current depressive symptoms. 

Future studies could also be conducted in individuals who have recovered from depression to 
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understand thoughts that are triggered by criticism in these individuals. There is some evidence 

that individuals continue to show cognitive biases for negative stimuli even after recovery from 

depression (e.g., Joormann & Gotlib, 2007). Thus, it is possible that these individuals could also 

have more negative mind-wandering thoughts about the past after criticism.  

 In this study, we explored what kinds of spontaneous thoughts are associated with 

hearing criticism in individuals with depressive symptoms. We found some evidence that 

individuals with higher levels of depressive symptoms have more negative mind-wandering 

thoughts about the past. In the next chapter, we describe a study where we tested whether we 

could change these kinds of thoughts by targeting DN activity after people hear criticism.   
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Chapter 5: Neuromodulation of the Default Network and Mind-Wandering 
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Introduction 

 Individuals with higher levels of depressive symptoms spontaneously have more negative 

mind-wandering thoughts about the past after being exposed to criticism, relative to individuals 

with lower levels of depressive symptoms. These types of thoughts resemble maladaptive 

cognitions in clinically depressed individuals (e.g., Beck, 1967). Numerous psychological 

treatments for depression focus on changing negative thoughts about the past or behaviors in 

response to these thoughts (e.g., Beck, 1970; Hayes, Strosahl, & Wilson, 1999). Any kind of 

mind-wandering has also been associated with negative outcomes (Epel et al., 2013; 

Killingsworth & Gilbert, 2010). Taken together, there are many clinically relevant reasons for 

why it would be valuable to be able to change mind-wandering behavior that is triggered by 

criticism; that is, can we change negative mind-wandering thoughts about the past after 

criticism? 

In this chapter, we present an initial proof of concept study in which we administered 

non-invasive brain stimulation, transcranial direct current stimulation (tDCS), to a DN region to 

investigate whether we could change negative mind-wandering thoughts about the past after 

hearing criticism, in a community sample. Previous studies have shown that the DN is involved 

in mind-wandering (Andrews-Hanna, Reidler, Huang, et al., 2010; Christoff et al., 2009; Mason 

et al., 2007; McGuire et al., 1996). This study would also allow us to investigate if the DN is 

possibly associated with negative mind-wandering thoughts about the past in a community 

sample.  

 tDCS has been used to enhance cognitive processes such as memory, learning, response 

inhibition, and attention in healthy individuals and individuals with psychological disorders (e.g., 

Ditye, Jacobson, Walsh, & Lavidor, 2012; Dockery, Hueckel-Weng, Birbaumer, & Plewnia, 
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2009; Fregni et al., 2005; Jeon & Han, 2012; Oliveira et al., 2013). In tDCS, electrodes are 

applied on the scalp to transmit direct current at low current amplitudes (Poreisz, Boros, Antal, & 

Paulus, 2007). At the synaptic level, the current causes changes in the transmembrane potential 

thus affecting the probability of synaptic firing. At a neurotransmitter level, the current affects 

the balance between excitation and inhibition through GABA and glutamate concentrations 

(Coffman, Clark, & Parasuraman, 2014).  

 tDCS has been used to change mind-wandering behavior. Across two experiments, 

Axelrod, Rees, Lavidor, and Bar (2015) found that, compared with sham stimulation and 

stimulation of the occipital cortex, tDCS of the left dorsolateral prefrontal cortex (DLPFC) 

increased reports of mind-wandering during a low-demand computer task (the Sustained 

Attention to Response Task; Robertson, Manly, Andrade, Baddeley, & Yiend, 1997). This 

finding led the authors to suggest that the frontal lobes play a causal role in mind-wandering. 

However, it is important to note that the DLPFC is in a network of brain regions which is 

“anticorrelated” (i.e., negatively correlated) with activity in the DN; as activity increases in task-

positive network regions such as the DLPFC, activity decreases in DN regions (Fox et al., 2005). 

Therefore, tDCS of the DLPFC likely affects activity in the DN as well. It is thus possible that 

changes in mind-wandering were due to changes in DLPFC and/or DN activity. 

 The left posterior IPL (lpIPL) has been used as a target stimulation site for a repetitive 

transcranial magnetic stimulation (rTMS) study on the effects of stimulation frequency on 

changes in functional connectivity within the DN (Eldaief, Halko, Buckner, & Pascual-Leone, 

2011). In this study, high-frequency (20 Hz) rTMS of the lpIPL decreased resting-state 

functional connectivity between the lpIPL and the MPFC and between the lpIPL and right pIPL 

whereas low-frequency (1 Hz) rTMS increased resting-state functional connectivity between the 
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lpIPL and the left hippocampal formation. Given multiple studies and reviews suggesting the 

importance of the right hemisphere in emotion processing (Schwartz, Davidson, & Maer, 1975; 

Svoboda et al., 2006), the present study investigated whether tDCS of bilateral pIPL can 

modulate mind-wandering behavior after hearing criticism. 

Research Questions and Hypotheses 

 The present study was designed to investigate whether tDCS of a DN region can 

modulate mind-wandering behavior after being exposed to criticism. We hypothesized that 

participants receiving cathodal tDCS of the pIPL would have significantly lower rates of mind-

wandering (and fewer negative mind-wandering thoughts about the past) after criticism than 

participants receiving sham tDCS stimulation. We also hypothesized that participants receiving 

anodal tDCS of the pIPL would have significantly higher rates of mind-wandering (and more 

negative mind-wandering thoughts about the past) after criticism than participants receiving 

sham tDCS stimulation. Finally, we sought to clarify if the effects of tDCS on mind-wandering 

behavior after criticism were due to changes in attention or mood (by including changes in task 

performance and negative mood ratings as covariates). 

Participants 

 Following approval by Massachusetts General Hospital’s Institutional Review Board, 

The Partners Human Research Committee, ninety participants (43.30% female) were recruited 

from the community. Based on previous studies on mind-wandering and mood (e.g., Smallwood 

et al., 2007), a statistical power analysis revealed that an approximate sample of ninety 

participants would be needed to achieve power = 0.80. Exclusion criteria included a history of 

epilepsy, metallic implants in the head or neck, brain stimulators, vagus nerve stimulators, VP 

shunts, pacemakers, pregnant or nursing females, neurological conditions, or current use of 
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psychotropic medications. The average age of the sample was 30.07 years (SD = 8.66, range = 

18 to 48 years) and the average years of education was 15.47 (SD =3.01, range = 8 to 30 years). 

Participants were Caucasian (46.7%), Asian (14.4%), African American (14.4%), Hispanic 

(6.7%), Native American (1.1%), and Multiracial (16.7%).  

Measures 

Participants completed the White Bear Suppression Inventory (Wegner & Zanakos, 

1994), the Ruminative Responses Scale (RRS) of the Response Styles Questionnaire (Nolen-

Hoeksema & Morrow, 1991), and the Beck Depression Inventory (Beck et al., 1961), which 

were described in Chapter 2. Participants also completed the Imaginal Processes Inventory (IPI; 

Singer & Antrobus, 1972; Appendix A) which was described in Chapter 3.  

Procedures 

 After providing written informed consent, participants were randomized to receive either 

cathodal (n = 30), anodal (n = 30), or sham (n = 30) stimulation. All participants completed the 

following study procedures before and after stimulation (see Figure 10 for study design).  
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Figure 10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Participants were randomized to receive either cathodal, anodal, or sham transcranial direct current 

stimulation (tDCS). They heard criticism, rated their mood, and completed the computer task with 

thought sampling probes before and after stimulation.  

 

 For tDCS stimulation, anodal or cathodal stimulation of the right and left posterior 

inferior parietal lobule was performed for thirty minutes at 2mA. These parameters have been 

validated and proven to be safe (e.g., Coffman, Trumbo, & Clark, 2012; Leite, Carvalho, Fregni, 

Boggio, & Goncalves, 2013; Martin et al., 2013; Oliveira et al., 2013; Park, Seo, Kim, & Ko, 

2014). The current was applied by a battery-driven tDCS stimulator via tDCS electrodes placed 
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on the scalp with a 3x1 montage. We used the international 10-20 EEG system to identify the 

targets of stimulation. For active stimulation, 2 anodes or 2 cathodes (depending on the 

condition) were centered on P6 (right) and P5 (left) with 3 surrounding returns on each side 

(Figure 11). For the sham condition, the electrodes were placed at the same positions but the 

current was only applied for a 15 second ramp up phase at the beginning and end of the 30-

minute sham stimulation period to simulate the experience of local tingling sensations that real 

stimulation produces but without sustained effect on cortical activity. This sham protocol is 

standard, validated and programmed in the NeuroElectrics StarStim tDCS system.  

Figure 11 

 

 

 

 

 

 

 

 

 

 
 

Target stimulation site (in red) and electrode montage 

Mood Ratings 

 Participants rated their current negative mood using a 0-100 Visual Analogue Scale (0 = 

not at all, 100 = completely). This mood rating scale was administered at baseline, before and 

after criticism, before and after the computer task, and before and after stimulation to assess any 

changes in negative mood throughout the study (see Figure 10 for overall study design).  

Comments 

 Participants heard a total of four 30-second critical comments directed at them (they 

heard two comments before stimulation and two comments after stimulation). These are the same 
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standardized critical comments used in the studies described in Chapters 3 and 4 (Appendix B). 

The order of the comments was counterbalanced. 

Computer Task with Thought Sampling 

 Participants completed the same modified version of the Multi-Source Interference Task 

(MSIT; Bush et al., 2003) as participants in the study described in Chapter 4. Briefly, 

participants identified a target number in a three-digit number that was different from the other 

two numbers. During the computer task, participants were randomly interrupted 8 times 

(programmed into the computer task) and asked if they were thinking about the task or 

something else. They were next asked about the valence and temporal focus of their thoughts.   

Data Analyses 

 We used one-way ANOVAs to test whether the three stimulation (cathodal, anodal, or 

sham) groups differed on demographic characteristics, negative mood changes, and attention (as 

assessed by computer task accuracy). Follow-up independent samples t-tests were used to 

examine significant between group differences. Paired samples t-tests were also conducted to test 

changes in negative mood ratings from baseline to after hearing criticism.  

 To examine whether receiving cathodal, anodal, or sham tDCS affected how often people 

mind-wandered during the computer task, we conducted a one-way ANOVA. The dependent 

variable was the change in percentage of mind-wandering reported during the computer task 

when interrupted (e.g., if they reported mind-wandering 4 out of the 8 times [50%] they were 

randomly interrupted during the computer task before stimulation, and then reported mind-

wandering 6 out of the 8 times [75%] during the computer task after stimulation, then the change 

score would be an increase of 25%). We also used one-way ANOVAs to test whether receiving 
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cathodal, anodal, or sham tDCS changed the frequency of negative mind-wandering thoughts 

about the past after hearing criticism.  

Results 

Demographics 

 Participants in the three stimulation groups did not differ in age, gender, education level, 

ethnicity, general mind-wandering frequency in daily life (as measured by the IPI), tendency to 

engage in positive/constructive or guilty/fear of failure forms of mind-wandering. However, the 

groups differed in inattention in real life as measured by the IPI general inattention subscale 

(F(2,89) = 3.58, p = 0.03, partial η² = 0.08). Follow-up t-tests revealed that participants in 

cathodal group had higher levels of inattention in real life (M = 48.20, SD = 7.88) than 

participants in the anodal group (M = 42.53, SD = 9.77; t(58) = 2.47, p = 0.02, Cohen’s d = 

0.64). Therefore, for all subsequent analyses, general inattention was entered as a covariate to 

control for this group difference. 

Mood Ratings 

 Participants across the three groups felt more negative after hearing criticism (baseline M 

= 11.34 on a 0-100 scale, SD = 16.13; after criticism M = 19.34, SD = 22.38; t(89) = 5.05, p < 

0.001); there were no significant group differences in this negative mood shift (F(2,90) = 0.44, p 

> 0.05). There was also no significant effect of stimulation condition on the change in negative 

mood ratings after criticism; that is, receiving tDCS did not change how negative people felt 

after hearing criticism (F(2,90) = 1.62, p > 0.05).  

Computer Task Performance 

 There was no significant effect of stimulation condition on computer task accuracy 

(F(2,90) = 0.16, p > 0.05).   
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Mind-Wandering Frequency 

 There was no significant effect of stimulation condition on the change from pre to post 

stimulation in frequency of mind-wandering reported when participants were interrupted during 

the computer task (pre M = 26.25%, SD = 22.95%, post M = 28.89%, SD = 26.87%; F(2,28.26) = 

1.03, p > 0.05), after controlling for the effect of general inattention in real life.  

Mind-Wandering Thought Content 

 Stimulation condition had a significant effect on the change from pre to post stimulation 

in the frequency of negative mind-wandering thoughts about the past (F(2,90) = 3.72, p = 0.03, 

partial η² = 0.08), even after controlling for the effect of general inattention in real life. Follow-

up t-tests revealed that participants who received cathodal stimulation had a significant decrease 

in negative past-oriented mind-wandering thoughts (before stimulation M = 12.50%, SD = 

31.31%; after stimulation M = 1.11%, SD = 6.09%) compared with participants who received 

sham stimulation who had an increase in negative past-oriented mind-wandering thoughts 

(before stimulation M = 3.06%, SD = 12.85; after stimulation M = 15.00%, SD = 35.11%; t(58) = 

-2.64, p = 0.01, Cohen’s d = 0.68; Figure 12). Participants who received anodal stimulation also 

had a decrease in negative mind-wandering thoughts about the past (before stimulation M = 

10.00%, SD = 30.51%; after stimulation M = 3.33%, SD = 18.26%) relative to participants who 

received sham stimulation, but this difference was only a trend and did not reach the 

conventionally accepted standard of significance (t(58) = -1.95, p = 0.06, Cohen’s d = 0.50).  
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Figure 12  

 

Participants who received cathodal stimulation had a significant reduction in negative mind-wandering 

thoughts about the past compared with participants who received sham stimulation. NS = not significant, 

* p < 0.05 

 

Discussion 

 We investigated whether we could use tDCS of a DN brain region, the pIPL, to modulate 

mind-wandering behavior after criticism. tDCS of the pIPL did not change the likelihood that 

participants would mind-wander during the computer task after hearing criticism. In other words, 

tDCS did not change the frequency of mind-wandering. This was contrary to our hypotheses that 

anodal stimulation would lead to increased DN activity via the pIPL, and that, with increased DN 

activity, there would be an increase in mind-wandering. In a related vein, we hypothesized that 

cathodal stimulation would lead to decreased DN activity and a decrease in mind-wandering 

behavior. However, regardless of whether participants received cathodal or anodal stimulation, 

their mind-wandering frequency was comparable to participants who received sham stimulation.  
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 The fact that tDCS of a DN brain region did not change the frequency of mind-wandering 

in the present study but tDCS of the left DLPFC increased mind-wandering frequency (Axelrod 

et al., 2015) provides some evidence of the left DLPFC’s involvement in the occurrence of mind-

wandering behavior. There is also emerging evidence that the relationship between DN activity 

and the occurrence of mind-wandering is more complex, such that functional coupling between 

the MPFC and the left IPL is associated with more deliberate forms of mind-wandering whereas 

weak patterns of functional coupling between the MPFC and the PCC are associated with more 

spontaneous, off-task forms of mind-wandering (H. T. Wang et al., 2017). In our study, we could 

not determine if tDCS of the pIPL actually changed its functional connectivity with the MPFC or 

PCC, and thus having a possible effect on deliberate or spontaneous mind-wandering. Future 

studies need to include the concurrent use of fMRI during tDCS and to include tDCS of other 

DN brain regions such as the MPFC to understand the DN’s involvement in the occurrence of 

mind-wandering.  

 Although tDCS of the pIPL had no effect on mind-wandering frequency, tDCS of the 

pIPL did change the content of people’s mind-wandering thoughts. Specifically, participants who 

received cathodal stimulation of the pIPL had a significant reduction in the frequency of negative 

mind-wandering thoughts about the past (Figure 12). This finding is in line with the fact that the 

pIPL is tightly coupled with other regions within the DN’s medial temporal lobe subsystem 

(MTL), which is associated with the remembering the past and the future (Andrews-Hanna, 

Reidler, Sepulcre, et al., 2010), as well as Eldaief et al.’s (2011) study showing that low 

frequency rTMS to the left pIPL changed resting-state functional connectivity between the lpIPL 

and the left hippocampal formation. Participants who report having no mind-wandering thoughts 

about the past and future also show the lowest levels of MTL functional correlations (Andrews-
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Hanna, Reidler, Huang, et al., 2010). Changing pIPL activity might have therefore changed 

activity in MTL regions, resulting in changes in past-oriented thoughts. However, cathodal 

stimulation of the pIPL did not change the frequency of future-oriented thoughts. It is possible 

that our negative stimuli (which led to a negative mood) might have led to a greater tendency 

towards past-focused thoughts in general; future studies should investigate if cathodal 

stimulation of the pIPL during a positive or neutral mood (which might lead to more future-

oriented thoughts) would also change the frequency of future-oriented thoughts. 

 At the same time, anodal tDCS of the DLPFC can decrease rumination, repetitive self-

focused thinking that can be negative and focused on the past, after hearing criticism (De Raedt, 

Remue, Loeys, Hooley, & Baeken, 2017). This finding suggests that decreasing negative past-

oriented thoughts is not specific to tDCS of the pIPL.   

 Interestingly, although anodal stimulation did not cause a significant change (trending p = 

0.06), it still reversed the natural tendency to have more negative mind-wandering thoughts 

about the past as demonstrated by participants in the sham condition (Figure 12). Anodal 

stimulation is typically thought to increase cortical excitability. However, the orientation and 

type of neurons in the target brain region can actually lead to reverse effects (Radman, Datta, 

Ramos, Brumberg, & Bikson, 2009); for example, neurons in deeper layers of the cat motor 

cortex can be activated by cathodal “inhibitory” stimulation and be inhibited by anodal 

“excitatory” stimulation (Creutzfeldt, Fromm, & Kapp, 1962). Future tDCS studies involving 

concurrent fMRI would clarify if anodal tDCS of the pIPL was actually decreasing activation in 

the pIPL and therefore inhibitory in nature. 
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Limitations and Future Directions 

 Additional future studies should include other control conditions such as including an 

active control stimulation group with individuals receiving active stimulation at a different brain 

region to clarify the specificity of the effects to tDCS of the pIPL. Another important limitation 

of this study was that it is possible that we were not specifically targeting the pIPL in each 

individual subject. tDCS in conjunction with MRI would first allow us to localize each 

participant’s pIPL for tDCS. Second, we could use fMRI to assess tDCS-related changes in DN 

activation and connectivity. This approach would be the valuable next step to ensure that mind-

wandering changes are specifically due to changes in DN activity.  

 Finally, the present study was conducted on a community sample. Given the clinical 

relevance of negative past-oriented thinking in individuals with depression, a natural extension 

of this work will be to investigate if cathodal tDCS of the pIPL will similarly help reduce this 

type of cognition in depressed individuals, and if these changes can be maintained over time. If 

so, tDCS could be further studied as a potential intervention or as an augmentation to cognitive 

therapies. 
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Chapter 6: General Discussion 
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Summary of Main Findings 

In this dissertation, I conducted a series of neuroimaging, behavioral, and brain 

stimulation studies to better understand the relationship between depression, DN activity, and 

maladaptive cognitions.  

In the neuroimaging studies, we found evidence of a specific type of DN abnormality in 

at-risk, currently depressed, and recovered depressed individuals. In the study presented in 

Chapter 2, currently depressed individuals showed widespread DN (i.e., MPFC, IPL, 

PCC/retrosplenial cortex, and hippocampal formation) hyperactivation after being exposed to 

criticism, relative to never depressed controls. Individuals who had recovered from depression 

also showed widespread criticism-specific DN hyperactivation (again in the MPFC, IPL, 

PCC/retrosplenial cortex, and hippocampal formation), relative to never depressed controls. 

Importantly, this DN hyperactivation only appeared after criticism. Currently and recovered 

depressed individuals did not differ from never depressed controls in their DN activation after 

hearing praise. In the study presented in Chapter 3, individuals at-risk for depression (females 

with high levels of neuroticism) also showed criticism-specific hyperactivation in two DN 

regions, the MPFC and IPL, relative to females with average levels of neuroticism. Overall, at-

risk, currently depressed, and recovered depressed individuals showed evidence of DN 

hyperactivation specifically after being exposed to critical comments.  

Currently depressed individuals also showed greater effective connectivity (between the 

PCC/retrosplenial cortex and the IPL) after hearing criticism, compared with after hearing praise. 

Individuals at-risk for depression (i.e., females with high levels of neuroticism) and individuals 

who had recovered from depression did not show significant changes in DN effective 

connectivity after hearing criticism. Taken together, individuals across the clinical course of 
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depression showed criticism-specific DN hyperactivation; however, only currently depressed 

individuals showed greater criticism-specific DN effective connectivity.  

To investigate the types of cognitions associated with criticism-specific DN 

hyperactivation, we performed correlational analyses between DN activation after criticism and 

negative cognitive processes such as rumination and thought suppression. However, we did not 

find any statistically significant correlations.  

Participants were also asked to retrospectively report their thoughts after hearing 

criticism (i.e., during the periods of DN hyperactivation) in the study presented in Chapter 3. At-

risk individuals reported more negative mind-wandering thoughts after hearing criticism. They 

were also more likely to think about the critical comments’ self-relevance and identify with the 

content of the comments.  

Importantly, DN hyperactivation only appeared after at-risk, currently depressed, and 

recovered depressed individuals were exposed to criticism. To further understand in the moment 

cognitions associated with hearing criticism, we conducted a behavioral mind-wandering study. 

As described in Chapter 4, individuals with higher levels of depressive symptoms reported more 

negative mind-wandering thoughts about the past, relative to individuals with lower levels of 

depressive symptoms.  

In the brain stimulation study presented in Chapter 5, we demonstrated that tDCS of a 

DN region, the pIPL, could change mind-wandering thoughts after being exposed to criticism. 

Participants who received tDCS had significant decreases in the frequency of criticism-induced 

negative mind-wandering thoughts about the past.  
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General Discussion 

 In this section, I provide interpretations and implications related to the main findings. 

Limitations and future studies are also mentioned throughout this discussion. 

How Do Our Findings Advance Our Understanding of the DN? 

 Mind-wandering and self-referential thinking. As reviewed in Chapter 1, the DN is 

involved in mind-wandering and self-referential thinking. Our findings continue to lend support 

to the DN being associated with these cognitive processes. In the study described in Chapter 3, 

individuals at-risk for depression (i.e. females with high levels of neuroticism) retrospectively 

reported mind-wandering about the self-relevance of the critical comments they had heard during 

periods of DN hyperactivation.  

 Thoughts about the past and future. In healthy individuals, the DN is implicated in 

thoughts about past experiences, making plans for the future, or thinking about oneself and 

others. At-risk individuals retrospectively reported more negative thoughts about the past, 

present, and future during periods of DN hyperactivation after criticism, relative to controls. 

Whereas healthy individuals tend to have the full range of negative, positive, and neutral 

thoughts about the past, present, and future after being exposed to negative information, 

individuals at-risk for depression (i.e., females with high levels of neuroticism) primarily have 

negative thoughts about the past, present, and future. In healthy individuals, DN-supported 

thoughts can therefore be linked with more adaptive consequences (i.e., problem-solving and 

simulations of future experiences). In individuals at-risk for depression, DN-supported thoughts 

after criticism could lead to maladaptive consequences. Therefore, a network that was 

evolutionarily adaptive and has adaptive potential can support maladaptive thoughts in specific 

populations.  
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How Do Our Findings Advance Our Understanding of the DN in Depression? 

 Increased DN activation after criticism. As reviewed in Chapter 1, other researchers 

have found that at-risk, currently depressed, and recovered depressed individuals have increased 

and decreased resting-state functional connectivity within the DN. What we have demonstrated 

in the studies described in Chapters 2 and 3 is that, first, at-risk individuals (i.e., females with 

high levels of neuroticism), currently depressed, and recovered depressed individuals do not only 

show abnormalities in DN functional connectivity (as demonstrated in the literature reviewed in 

Chapter 1); they can also have abnormalities in DN activation. Second, at-risk, currently 

depressed, and recovered depressed individuals all show increased DN activation, and third, they 

do not necessarily show DN abnormalities during all periods of rest. Specifically, these 

individuals demonstrate increased DN activation relative to controls during rest periods after 

hearing criticism; they do not differ from controls in their DN activation during rest periods after 

hearing praise.  

 Our increased DN activation results are in line with a study by Sheline et al. (2009) with 

depressed individuals showing increased DN activation when viewing negative pictures relative 

to controls. We have thus extended these findings by showing increased DN activation after 

negative self-referential stimuli (i.e., criticism) in currently depressed, recovered depressed, and 

at-risk individuals.  

  Criticism-specific activation across the DN and activation in specific DN regions. 

Currently and recovered depressed individuals demonstrated widespread criticism-specific 

hyperactivation in all DN regions (i.e., MPFC, IPL, PCC/retrosplenial cortex, hippocampal 

formation). That is, they showed increased activation in multiple regions in the DMPFC 

subsystem, multiple regions in the MTL subsystem, and the core midline hub regions after 
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criticism. Individuals at-risk for depression (i.e. females with high levels of neuroticism) showed 

criticism-specific hyperactivation in only two DN regions, the (dorsal) MPFC and IPL. In other 

words, they showed increased activation in one region in the DMPFC subsystem and one region 

in the MTL subsystem after criticism. Differential activation in the PCC/retrosplenial cortex and 

hippocampus could be specifically associated with having experienced at least one depressive 

episode.  

 Increased criticism-specific activation was found in the MPFC and IPL across at-risk, 

currently depressed, and recovered depressed individuals. This is consistent with a prior study 

linking MPFC thickness to risk for depression (Holmes et al., 2012). Numerous studies have also 

shown that the MPFC is involved in thinking about oneself (e.g., Gusnard et al., 2001; Mitchell 

et al., 2006). Therefore, it is possible that activation in the MPFC was reflecting the tendency 

with which at-risk, currently depressed, and recovered depressed individuals were engaging in 

self-referential thinking after being exposed to criticism. Indeed, our at-risk individuals 

retrospectively reported thinking about the self-relevance of the critical comments they had heard 

during periods of DN hyperactivation.  

 The IPL, as part of a larger “semantic network” that largely overlaps with the DN, has 

been associated with semantic processing, the ability to store and fluidly manipulate knowledge 

about the world (e.g., Binder et al., 2009). The IPL has also been linked to conceptual 

integration, as demonstrated by the finding that the IPL only shows activation at the end of 

sentences and after comprehension of a sentence as a whole (Humphries, Binder, Medler, & 

Liebenthal, 2006). Binder et al. (2009) point out that this region is “practically nonexistent in 

lower primates” and is primarily anatomically connected to other association regions of the 

brain, not primary sensory areas. Taken together, the fact that at-risk individuals, currently 
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depressed, and recovered depressed individuals showed increased IPL activation after hearing 

criticism, may mean that these individuals were more inclined to engage in higher-order 

cognitive processing of the critical comments relative to controls. 

 However, the patterns of findings in these three groups will need to be replicated, 

particularly given our small sample sizes. If these findings are replicated, then more speculations 

could be made regarding the role of specific DN regions in processing negative self-referential 

stimuli in individuals across the clinical course of depression.  

 Greater criticism-specific effective connectivity within the DN. Currently depressed 

individuals showed greater effective connectivity between the MPFC and IPL after hearing 

criticism compared to after hearing praise. At-risk individuals (i.e., females with high levels of 

neuroticism) and recovered depressed individuals did not have criticism-specific changes in DN 

effective connectivity. Therefore, increased activation in the MPFC and IPL is present across at-

risk, currently depressed, and recovered depressed individuals, whereas greater effective 

connectivity between these same two regions is only linked to current depressive symptoms. 

Given our earlier discussion about the individual functions of the MPFC in self-referential 

thinking and the IPL in conceptual processing, currently depressed individuals might be 

especially prone to engage in these processes after criticism (due to increased activation and 

greater connectivity between these two regions). To investigate this hypothesis, a future study 

could compare MPFC and IPL activation and effective connectivity when at-risk, currently 

depressed, and recovered depressed individuals are instructed to make self-referential judgments 

of negative sentences. If we replicate the finding of currently depressed individuals showing 

greater effective connectivity between the MPFC and IPL compared to at-risk and recovered 
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depressed individuals, then we could investigate whether changing connectivity between the 

MPFC and IPL (via a method such as tDCS) leads to reductions in current depressive symptoms. 

How Do Our Findings Fit Into Neurocognitive Models of Depression? 

 Cognitive theories of depression. Two leading theories of cognitive vulnerability for 

depression are Beck’s (1967) cognitive model of depression and response styles theory (Nolen-

Hoeksema, 1987). These two theories each identify specific kinds of thoughts in response to 

negative stimuli that can lead to the development of a depressive episode, worsen mood, and 

maintain a depressive episode. Each of these theories have also been linked to brain regions and 

networks implicated in depression. In the next sections, we will briefly review each theory, its 

neural correlates, and how our findings fit into this literature.  

 Beck’s cognitive model of depression. According to Beck’s (1967) cognitive model of 

depression, depressed individuals have negative views of themselves, the world, and the future 

(i.e., negative self-schemas). When these negative self-schemas are triggered by internal or 

external events, depressed individuals demonstrate cognitive biases; they preferentially process 

(i.e., biased processing), have difficulty disengaging from (i.e., biased attention), and have 

enhanced recall (i.e., biased memory) of negative stimuli. 

 The corticolimbic network and the cognitive control network have each been implicated 

in supporting cognitive biases in depression (e.g., Davidson, Pizzagalli, Nitschke, & Putnam, 

2002; Johansen-Berg et al., 2008; Price & Drevets, 2010; Rogers et al., 2004). Depressed 

individuals have structural and functional abnormalities in prefrontal and limbic regions in both 

networks (e.g., Davidson et al., 2002). More specifically, depressed individuals show increased 

activation in limbic regions such as the amygdala and subgenual cingulate in response to 

negative stimuli, relative to positive or neutral stimuli. They also have decreased activation in 
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frontal regions such as the DLPFC, which impairs the ability of the dorsal ACC to down-regulate 

activity in the limbic regions. Therefore, there are issues with hyperactive bottom-up processes 

and hypoactive top-down control of these limbic areas. This ultimately manifests in preferential 

processing of negative stimuli (Davidson et al., 2002; Disner, Beevers, Haigh, & Beck, 2011). 

 In our neuroimaging studies, we found evidence of the DN similarly being associated 

with preferential processing of negative as opposed to positive stimuli. Individuals at-risk for 

depression, currently depressed, and recovered depressed individuals showed increased DN 

activation only after being exposed to criticism, relative to controls. There were no significant 

between-group differences in DN activation after praise. Therefore, the DN appeared to be 

involved in biased processing of the negative stimuli, criticism, across at-risk, currently 

depressed, and recovered depressed individuals. 

 It is important to note that activation in the DN can affect activation in corticolimbic and 

cognitive control networks, and vice versa. As previously mentioned, the DLPFC is in a network 

that is “anticorrelated” (i.e., negatively correlated) with activity in the DN; as activity increases 

in the DLPFC, activity decreases in DN regions (Fox et al., 2005). Additionally, Sheline, Price, 

Yan, and Mintun (2010) examined resting-state functional connectivity between the DN, 

corticolimbic, and cognitive control networks in currently depressed individuals. They identified 

a region in the dorsal MPFC that showed increased functional connectivity with all three 

networks. In this dissertation we systematically studied DN abnormalities as they possibly relate 

to maladaptive cognitions in depression; future investigations could look at multiple network 

abnormalities and their interactions with each other across the clinical course of depression.  

 Response styles theory. According to response styles theory (Nolen-Hoeksema, 1987), 

rumination refers to passive, repetitive, negative thoughts focused on the causes and 
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consequences of a negative mood. Rumination has been linked with increased activation in 

regions such as the amygdala, hippocampus, subgenual cingulate, MPFC, and decreased 

activation in cognitive control network regions such as the DLPFC (Disner et al., 2011). It is 

theorized that this pattern of activation in these regions is associated with negative thoughts 

about the past and increases the chances of ruminating about them.  

 We have some evidence that the DN was linked to negative, past-oriented thoughts after 

criticism. At-risk individuals (i.e., females with high levels of neuroticism) reported having more 

negative thoughts during periods of DN hyperactivation. tDCS of a DN region was also 

associated with reductions of negative thoughts about the past after criticism. However, we did 

not find evidence of criticism-specific DN activation being significantly correlated with 

ruminative thoughts in our at-risk, currently depressed, or recovered depressed individuals. As 

previously discussed, having negative thoughts about the past does not necessarily mean that 

individuals are engaged in rumination. Taken together, the DN appears to support negative, past-

oriented thoughts after criticism. 

 DN activation after criticism and cognitive vulnerability for depression. In summary, 

biased processing of negative stimuli and negative, past-oriented thoughts have been linked with 

risk for the development and maintenance of a depressive episode. In our studies, DN activation 

after criticism was linked with these cognitive vulnerabilities in at-risk, currently depressed, and 

recovered depressed individuals. Therefore, DN activation after criticism could be reflecting an 

underlying cognitive vulnerability for depression. The idea that DN activity might be linked to 

cognitive vulnerability in depression has been similarly proposed by X. Wang, Ongur, Auerbach, 

and Yao (2016). 
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 When confronted with criticism, at-risk, currently depressed, and recovered depressed 

individuals likely engaged in unhelpful coping strategies. That is, instead of engaging in 

strategies such as distraction, these individuals instead had more negative, past-oriented 

thoughts. These maladaptive cognitions were linked to increased activation in the DN after 

criticism. Since we know that the DN is also showing increased functional connectivity at rest in 

depression (as reviewed in Chapter 1), we may best conceptualize DN activation in terms of a 

diathesis-stress model. That is, at baseline, depressed individuals tend to have a more hyperactive 

DN (the underlying diathesis). When presented with negative stimuli (a stressor), the DN 

becomes even more hyperactive in at-risk, currently depressed, and recovered depressed 

individuals. This hyperactive DN is associated with cognitive biases and cognitions associated 

with depression. Future studies should investigate whether DN activation and connectivity are 

also linked with other cognitive biases and cognitions associated with depression. For example, a 

future study could look at whether DN activity is associated with biased memory for negative 

stimuli in depression.   

Limitations and Future Directions 

DN Abnormalities In Other Psychological Disorders  

 DN abnormalities are not specific to depression. As mentioned in Chapter 1, DN 

abnormalities are present across a range of different psychological disorders. One explanation is 

that the DN might be tracking underlying issues that are common across all of these disorders, 

such as excessive or reduced spontaneous cognition, issues with autobiographical memory 

retrieval or prospection, or social cognition. Another explanation for these widespread 

“abnormalities” in numerous patient populations relative to controls relates to one of the biggest 

limitations of current neuroimaging methods. This is reviewed in the next section. 
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Methodological Limitations  

 In fMRI, we look at blood-oxygen-level-dependent (BOLD) signal, the ratio of 

oxygenated to deoxygenated hemoglobin. This is an indirect measure of brain activity; when 

neuronal firing increases in specific areas of the brain, there is increased metabolic demand for 

oxygen. As a result, there is an increased amount of cerebral blood flow in that brain area; 

specifically, there is an increase in the ratio of oxygenated hemoglobin relative to deoxygenated 

hemoglobin in that area. If the neuronal firing stops, there is a decrease in the amount of 

oxygenated hemoglobin to the point where there is an undershoot, and then the region 

normalizes to having the baseline ratio of oxygenated to deoxygenated hemoglobin. Functional 

MRI looks for this hemodynamic response function in each voxel of the brain by measuring the 

differences in magnetism in oxygenated and deoxygenated hemoglobin. In summary, this is not a 

quantitative measure; it is a relative ratio based on a local vascular response (i.e., increased 

cerebral blood flow). Therefore, any factor that affects cerebral blood flow and neurovascular 

function will affect fMRI BOLD signal.  

 Many different factors have been linked with MRI signal variation such as using 

psychotropic medications, alcohol, nicotine, cannabis, or caffeine, cortisol levels, levels of 

physical exercise and hydration, body weight, lipid levels, respiration, and head motion (e.g., 

Weinberger & Radulescu, 2016). Unfortunately, midline/lateral cortical structures and the medial 

temporal lobe (i.e., the DN) are particularly sensitive to these systematic confounders; these are 

also the regions that show widespread differences between clinical populations and controls in 

structural and functional MRI studies (e.g., differences in gray matter volumes, cortical 

thickness, activation, and functional connectivity findings). Therefore, it is possible that these 
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“differences” are due to factors such as patients taking medications and moving their heads more 

during MRI scans rather than due to underlying pathology linked to their specific disorder. 

 For example, in a study with healthy adults, Van Dijk, Sabuncu, and Buckner (2012) 

looked at the effects of different levels of head motion on resting-state functional connectivity. 

Even after applying standard motion correction techniques, individuals who had the highest 

levels of head motion during the scan showed reduced functional connectivity within the DN 

relative to individuals who had the lowest levels of head motion. The researchers also scanned a 

subset of participants twice and found that individuals who had moved their heads the most 

during the first scan continued to have excessive head motion in the second scan, suggesting that 

these individual differences in levels of head motion are stable and trait-like. The researchers 

suggest that studies showing reduced functional connectivity in the DN based on between-group 

differences should consider the role of head motion in their findings. At the same time, the 

researchers point out that head motion does not account for all the variance in functional 

connectivity differences between participants. They also suggest that large samples might be 

particularly sensitive to the effects of head motion on group difference results.  

 We attempted to minimize head motion by extensively emphasizing to our neuroimaging 

study participants the importance of keeping their heads (and entire bodies) still. We also 

provided feedback on head motion after each scan sequence. Additionally, we conducted rigid 

body motion correction by including six motion parameters (i.e., how much each image differed 

from the first image in their translation and rotation around the x-, y-, and z-axes in space) as 

regressors. We also excluded participants whose data had low signal-to-noise ratios. In our 

neuroimaging study in at-risk individuals, we excluded individuals with at least one possible 

confounder, current or lifetime history of psychotropic medication usage. Finally, we compared 
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activation during rest periods after hearing criticism relative to rest periods after hearing praise. 

This within-subject comparison could control for confounding factors that were constant across 

these scans such as use of substances like cannabis or caffeine, weight, lipid levels, etc. This 

within-subject comparison also possibly controlled for respiration and head motion as long as 

participants were not differentially moving their heads or having increased breathing rates in one 

condition over another (Weinberger & Radulescu, 2016). 

Given limitations with neuroimaging methods, findings using these methods need to be 

scrutinized and corroborated using other methods. Weinberger and Radulescu (2016) suggest 

studying healthy siblings (i.e., a population that might have an underlying vulnerability but may 

not have the systematic confounds that a patient population would have), using quantitative 

measures of regional blood flow, screening participants for the full range of confounding factors, 

and measuring respiration and stress levels though skin conductance. Future studies should 

follow as many of these recommendations as possible and include measures of respiration as 

regressors in the analyses. 

At the same time, there is some evidence that DN differences are not entirely due to 

confounding factors. Investigators who have carefully assessed and controlled for confounding 

factors have still found evidence supporting the DN’s role in clinical disorders (Buckner, 2013).  

Heterogeneity of Depression  

 Methodological caveats aside, it should also be acknowledged that the way in which 

depression is diagnosed inherently means that it is a highly heterogenous disorder. For this 

reason, any kind of abnormality cannot be attributed to depression as a whole. To be diagnosed 

with depression, individuals must have a minimum of five out of a possible nine symptoms with 

at least one symptom being persistent depressed or down mood, feelings of emptiness or 
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hopelessness, or anhedonia. Other possible symptoms are changes in appetite, changes in sleep, 

problems with concentration or decision-making, psychomotor retardation or agitation, feelings 

of fatigue, excessive guilt or feelings of worthlessness, and suicidal ideation (American 

Psychiatric Association, 2013). Because of these criteria, there are numerous possible symptom 

combinations all of which are labeled “depression.” Looking at depression as diagnostic category 

will therefore not necessarily further our understanding in a nuanced way.  

 In our series of studies, we included at-risk, currently depressed, and recovered depressed 

individuals, with the common theme being that all of these individuals were exposed to criticism. 

Our mood change data showed that criticism put everyone in a more negative mood. Because 

hearing criticism served as a negative mood induction, our findings as a whole can be interpreted 

as reflecting DN activity and cognitions associated with a negative mood state. Future studies 

could investigate other depressive symptoms in relation to DN activity in depressed individuals.  

Alternative Explanations for DN Activity 

 It should be acknowledged that there is still controversy over the role of DN activity in 

spontaneous cognition in general. Activity within the DN has been linked with spontaneous 

cognition because there is spontaneous coupling of activity between DN regions during rest, 

periods of time with heightened spontaneous cognition. However, the DN is not the only network 

that shows correlated spontaneous activity during rest (e.g., De Luca, Beckmann, De Stefano, 

Matthews, & Smith, 2006; Fox & Raichle, 2007); in fact, primary sensory (i.e., visual and 

auditory) and motor systems all show spontaneous correlated activity (Biswal et al., 1995; 

Cordes et al., 2000; Lowe, Mock, & Sorenson, 1998). Thus, brain regions associated with 

higher-order processing are not the only regions to show this type of activity. Additionally, the 
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low-frequency fluctuations in the DN are likely too slow to be supporting cognition (Buckner et 

al., 2008; Cordes et al., 2001). 

 The most compelling evidence that DN activity is not supporting spontaneous cognition 

is that these spontaneous activity fluctuations are also present when people are asleep for short 

periods of time (non-REM sleep: Horovitz et al., 2008) and under anesthesia (in non-human 

primates: Vincent et al., 2007). Humans have also shown spontaneous correlated activity within 

other networks under anesthesia (Kiviniemi, Kantola, Jauhiainen, Hyvärinen, & Tervonen, 2003; 

Peltier et al., 2005). Therefore, spontaneous activity is not synonymous with spontaneous 

cognition. 

 However, given the numerous neuroimaging and behavioral studies showing a possible 

link between spontaneous cognition and DN activity, it has been suggested that DN activity 

during states of reduced consciousness represents intrinsic anatomical connectivity. During 

awake conscious states, the DN supports intrinsic anatomical connectivity and spontaneous 

cognition (Buckner et al., 2008; Fox & Raichle, 2007). A future study that would allow the 

exploration of these ideas in depression would be to compare DN functional connectivity in 

depressed individuals when they are awake and when they are asleep, paired with retrospective 

reports on cognitions. This would allow us to investigate if there is increased DN functional 

connectivity during awake states with spontaneous cognition.  

Future Directions 

If DN activation after criticism is indeed linked to cognitive vulnerability for depression, 

then changing DN activation might change biased processing of negative stimuli and negative 

past-oriented thoughts, which could lead to changes in depressive symptoms. Invasive (e.g., deep 

brain stimulation) and non-invasive (e.g., transcranial magnetic stimulation and tDCS) forms of 
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brain stimulation have been used to change brain activity that is possibly linked to depressive 

symptoms (Kaur et al., 2013; Loo et al., 2012; Loo & Mitchell, 2005; Malone et al., 2009; 

Mayberg et al., 2005). In the study described in Chapter 5, we found that non-invasive 

stimulation (tDCS) of a DN region, the pIPL, significantly decreased negative mind-wandering 

thoughts about the past after hearing criticism. This study not only provided evidence of a link 

between DN activity and negative mind-wandering thoughts about the past, it also demonstrated 

that we can actively modulate or change these thoughts. As previously mentioned, behavioral 

mind-wandering studies need to be performed on individuals across the clinical course of 

depression to specifically test whether they also have negative past-oriented mind-wandering 

thoughts during periods of increased DN activation (i.e., after hearing criticism) and whether 

these thoughts can be changed with tDCS of the pIPL. If so, we would need to test if there was 

any link with depressive symptom reduction and if these reductions are maintained over time. 

Similar to how D-cycloserine has been used to augment learning in exposure therapy for social 

anxiety disorder (Hofmann, Meuret, Smits, & et al., 2006), we could use tDCS of the pIPL to 

augment cognitive based therapies for depression.  
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Appendix A: IMAGINAL PROCESSES INVENTORY 

 We are asking your cooperation in responding to a questionnaire about your inner 

experiences, your images, dreams and daydreams. Your cooperation is necessary if psychologists 

are to be able to gather information on the personal experiences we may all have which can later 

serve as bases for understanding the range of human thought. Whether you sign your name on 

the scoring sheets or cards or merely a code number, you can be assured that your anonymity 

will be preserved. Future use of this data will only make use of code numbers and any list of 

names will be destroyed at the end of the initial research period. 

 Please note that when we use words like “daydreams” we are using popular terminology 

for which there is no “official” definition. You may have a particular idea of what you mean by a 

daydream or fantasy. Try to answer these items as they seem most to apply to you. Make a 

distinction between thinking about an immediate task you’re performing, e.g., working, doing 

schoolwork and thinking directly about it while you are doing it and daydreaming which 

involves thoughts unrelated to a task you are working on or else thoughts that go on while you 

are getting ready for sleep or on a long bus or train ride. 

 Driving on superhighways is not the most interesting thing you can do, it’s boring and 

tedious. In a situation like that it’s not unusual to find that while you’re driving things just come 

into your mind. They come into your mind without seeing anything or hearing anything or 

smelling anything or even trying to think about it, they just come into your mind. These things 

that come into your mind don’t have much to do with driving, they could be about what you did 

last week, what you did last night, what you’re going to do at the end of the trip. Those kinds of 

thoughts we call DAYDREAMS. They involve two components: First, they are spontaneous 

thoughts, that is, they come about by themselves, and secondly, they are relatively unrelated to 

what you were doing or thinking about at the time. 

 Answer all questions as they apply to your life today-not 1 or 2 or 20 years ago. 

 

 

PART I 

 

There are 24 items in Part I. Each item has 5 alternatives. For each item choose the alternative 

which is most true or appropriate for you. Each alternative corresponds to one of the letters A 

through E. Circle the letter that indicates your choice of alternatives.  

 

1. I daydream 

 A. infrequently. 

 B. once a week. 

 C. once a day. 

 D. a few times during the day. 

 E. many different times during the day. 

 

2. Daydreams or fantasies make up 

 A. no part of my waking thoughts. 

 B. less than 10% of my waking thoughts. 

 C. at least 10% of my waking thoughts. 

 D. at least 25% of my waking thoughts. 

 E. at least 50% of my waking thoughts. 
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3. As regards daydreaming, I would characterize myself as someone who 

 A. never daydreams. 

 B. very rarely engages in daydreaming. 

 C. tends towards occasional daydreaming. 

 D. tends towards moderate daydreaming. 

 E. is a habitual daydreamer. 

 

4. I have a night dream 

 A. rarely or never. 

 B. once a month. 

 C. several times a month.  

 D. several times a week. 

 E. once a night. 

 

5. I recall or think over my daydreams 

 A. infrequently. 

 B. once a week. 

 C. once a day. 

 D. a few times during the day. 

 E. many different times during the day. 

 

6. When I am not paying close attention to some job, book or TV, I tend to be daydreaming 

 A. 0% of the time. 

 B. 10% of the time. 

 C. 25% of the time. 

 D. 50% of the time. 

 E. 75% of the time. 

 

7. I can recall a night dream 

 A. rarely or never. 

 B. once a month. 

 C. several times a month. 

 D. several times a week. 

 E. once a night. 

 

8. When I am sleeping, I seem to be dreaming 

 A. practically never. 

 B. just a little. 

 C. some of the time. 

 D. more than half the time. 

 E. most of the time. 

 

9. Instead of noticing people and events in the world around me, I will spend approximately 

 A. 0% of my time lost in thought. 

 B. less than 10% of my time lost in thought. 
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 C. 10% of my time lost in thought. 

 D. 25% of my time lost in thought. 

 E. 50% of my time lost in thought. 

 

10. I daydream at work (or school) 

 A. infrequently. 

 B. once a week. 

 C. once a day.  

 D. a few times during the day. 

 E. many different times during the day. 

 

11. I recall my night dreams vividly, i.e.,, extremely clearly, 

 A. rarely or never. 

 B. once a month.  

 C. several times a month. 

 D. several times a week. 

 E. once a night. 

 

12. I recall my night dreams in the form of 

 A. vague impressions. 

 B. fragments. 

 C. general idea. 

 D. main plot with some detail. 

 E. clearly with great detail. 

 

13. A night’s sleep for me contains a dream 

 A. rarely or never. 

 B. once a month. 

 C. several times a month. 

 D. several times a week. 

 E. once a night. 

 

14. Recalling things from the past, thinking of the future, or imagining unusual kinds of events 

occupies 

 A. 0% of my waking day. 

 B. less than 10% of my waking day. 

 C. 10% of my waking day. 

 D. 25% of my waking day. 

 E. 50% of my waking day. 

 

15. I recall my night dreams fairly clearly 

 A. rarely or never. 

 B. once a month. 

 C. several times a month. 

 D. several times a week. 

 E. once a night. 
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16. I have a really vivid night dream 

 A. rarely or never. 

 B. once a month. 

 C. once a week. 

 D. several times a week. 

 E. every night. 

 

17. I lose myself in active daydreaming 

 A. infrequently. 

 B. once a week. 

 C. once a day. 

 D. a few times during the day. 

 E. many different times during the day. 

 

18. Whenever I have time on my hands I daydream 

 A. never. 

 B. rarely. 

 C. sometimes. 

 D. frequently. 

 E. always. 

 

19. I recall my night dreams in some form 

 A. rarely or never. 

 B. once a month. 

 C. several times a month. 

 D. several times a week. 

 E. once a night. 

 

20. When I am at a meeting or show that is not very interesting, I daydream rather than pay 

attention 

 A. never. 

 B. rarely. 

 C. sometimes. 

 D. frequently. 

 E. always. 

 

21. I recall interesting or elaborate night dreams 

 A. rarely or never. 

 B. once a month. 

 C. several times a month. 

 D. several times a week. 

 E. once a night. 

 

22. I consider myself a person who night dreams 

 A. never. 
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 B. rarely. 

 C. occasionally. 

 D. frequently. 

 E. a great deal. 

 

23. I am awakened with the realization that I have been dreaming 

 A. rarely or never. 

 B. once a month. 

 C. several times a month. 

 D. several times a week. 

 E. once a night. 

 

24. On a long bus, train, or airplane ride I daydream 

 A. never. 

 B. rarely. 

 C. occasionally. 

 D. frequently. 

 E. a great deal of time. 

 

PART II 

All of the remaining items belong to Part II. Indicate to what extent each item 

applies to you, or is true for you by choosing from the five alternatives listed next. 

 

A stands for “definitely not true for me” or “strongly uncharacteristic of me.” 

B stands for “usually not true for me.” 

C stands for “usually true for me.” 

D stands for “true for me.” 

E stands for “very true for me” or “strongly characteristic of me.” 

 

(Note how these five alternatives go from one extreme to the opposite extreme.) 

 

_____ 1. My daydreams are often stimulating and rewarding.  

_____ 2. My daydreams offer me useful clues to tricky situations I face.  

_____ 3. I find that I easily lose interest in things that I have to do.  

_____ 4. My mind seldom wanders from my work.  

_____ 5. I tend to be easily bored.  

_____ 6. My thoughts seldom drift from the subject before me. 

_____ 7. I am the kind of person whose thoughts often wander.  

_____ 8. In my fantasies, I receive an award before a large audience.  

_____ 9. Daydreams do not have any practical significance for me.  

_____ 10. I can work at something for a long time without feeling the least bit bored or restless.  

_____ 11. No matter how hard I try to concentrate, thoughts unrelated to my work always creep   

      in. 

_____ 12. My daydreams often leave me with a warm, happy feeling.  

_____ 13. I tend to be quite wrapped up and interested in whatever I am doing.  
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_____ 14. I have difficulty in maintaining concentration for long periods of time.  

_____ 15. In my daydreams, I see myself as an expert, whose opinion is sought by all.  

_____ 16. My fantasies usually provide me with pleasant thoughts. 

_____ 17. Sometimes an answer to a difficult problem will come to me during a daydream.  

_____ 18. I am seldom bored.  

_____ 19. I picture myself being accepted into an organization for successful individuals only. 

_____ 20. In my daydreams, I fear meeting new responsibilities in life. 

_____ 21. My daydreams often contain depressing events which upset me.  

_____ 22. I picture myself as I will be several years from now. 

_____ 23. Faced with a tedious job, I notice all the other things around me that I could be doing.  

_____ 24. A really original idea can sometimes develop from a really fantastic daydream. 

_____ 25. I do not really "see" the objects in the daydream.  

_____ 26. In my fantasies, a friend discovers that I have lied. 

_____ 27. I find it hard to read when someone is on the telephone in a neighboring room.  

_____ 28. I seldom think about what I will be doing in the future.   

_____ 29. I find it difficult to concentrate when the TV or radio is on. 

_____ 30. The "pictures in my mind" seem as clear as photographs.  

_____ 31. Daydreaming never solves any problems.  

_____ 32. Unpleasant daydreams don’t frighten or bother me. 

_____ 33. In my daydreams I feel guilty for having escaped punishment. 

_____ 34. I imagine myself not being able to finish a job I am required to do. 

_____ 35. In my daydreams I become angry and even antagonistic towards others. 

_____ 36. I never panic as a result of a daydream.  

_____ 37. My ability to concentrate is not impaired by someone talking in another part of my   

      house or apartment.  

_____ 38. I find my daydreams are worthwhile and interesting to me.  

_____ 39. I am not easily distracted.  

_____ 40. The sounds I hear in my daydreams are clear and distinct.  

_____ 41. In my daydreams, I am always afraid of being caught doing something wrong. 

_____ 42. I daydream about what I would like to see happen in the future.  

_____ 43. I imagine myself failing those I love. 

_____ 44. I find myself imagining ways of getting even with those I dislike. 

_____ 45. In my daydreams, I show my anger towards my enemies. 
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Appendix B: Comments 

Before hearing the comments, participants will be instructed “We would like you to imagine that 

the following comments are being said to you by someone who is very important in your life.” 

Critical comments: 

1. "One thing that really bothers me about you is that you always have to get your own way. You 

have a hard time taking no for an answer and you can get really resentful when you don't get 

what you want. You don't seem to realize that there needs to be some give and take if you're 

going to get along with people. You have a lot of trouble with relationships and this is one of the 

reasons why." 

2. "Another thing that bothers is me is how lazy and apathetic you can be sometimes. You often 

tend to just sit around and basically doing nothing but vegetating. And you can watch mindless 

stuff on TV for hours and hours. You say you're bored but that's because you have no life. How 

can you have a life if you don't make any effort? You need to try much harder than you do." 

3. "One thing that really bothers me about you is your unwillingness to take any real 

responsibility. You never follow through with things and you just expect everyone else to 

accommodate you and make things right when you mess up. If someone says anything to you 

about it, you'll just say well, I'm under a lot of stress. There's always an excuse." 

4. "One of the things that bothers me about you is that you're not very considerate of other 

people. You can be very self-involved at times. You do a lot of things without thinking about 

how it will affect other people. Sometimes it's just small things, like being polite, that kind of 

stuff. Other times you act as if you don't care about anyone but yourself. It's all about you and 

what you need. Forget about anyone else." 

 

Praise comments: 

1. "One of the things that I really like about you is your sense of humor. It's not that you're 

always telling jokes or anything like that. But you can be really really funny. You have a quirky 

way of seeing the world that I just love. And when you laugh, your whole face lights up and 

you're just the most adorable person that everyone wants to be with. I just love to see you like 

that." 

2. "One of the things I really like about you is how thoughtful you can be. You're really good at 

reading people's feelings and understanding what they're going through. You try really hard to be 

a good friend and you're so emotionally available to people. You're a terrific person in that 

regard." 

3. "Another thing I really like about you is your determination and strength of character. When 

things don't go well for you, you really try hard to work out what's wrong and then you do all 

you can to fix it. You're very resilient and strong as a person and this is something I really 

admire in you. You have a lot of inner strength and I'm so proud of you for that." 

4. "Something I really like about you is how perceptive you are about other people's feelings. 

You have an uncanny ability to read other people's emotions and understand what they're going 

through. You're very caring and have a lot of empathy for other people. That's just something 

that's really wonderful about you." 

 

Chapter 4 participants heard neutral comments in addition to the critical and praise comments. 

Neutral comments: 
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1. "One of the things you might have done this past week was go out to lunch. You might have 

decided to go out for a sandwich and a cup of coffee around noon. If you got there before the 

place got busy, it was probably pretty easy for you to find an empty table. You might have been 

there for about half an hour. You might have eaten your sandwich, drank your coffee, and read 

the newspaper. By the time you left, the place was probably quite crowded." 

2. "One of the things you might have done this past week was to go out for a walk. If it was a 

nice sunny day, you were probably pleased to be outside. You might have walked from the house 

to the post office, a distance of about half a mile. When you got there, you might have waited in 

line and then bought some stamps. You also might have mailed a package to a friend of yours. 

The whole trip probably took less than an hour." 

3. "One of the things you might have done this week was to go grocery shopping. You might 

have driven to the supermarket to get the things that you needed in order to cook dinner. If you 

had decided to make a quiche, you might have bought some eggs, some frozen pie crust, some 

cheese, and some tomatoes. You might have also bought milk, orange juice, and some cereal for 

breakfast. When you got home, you might have watched the news on TV before starting to 

cook." 

4. "One of the things you might have done this week was to go to the mall. You might have 

wanted to buy a birthday card for a friend of yours. If it was a weekday afternoon, the mall 

probably wasn't especially crowded, so it wouldn't have really taken you long to buy the card. 

Then you might have gone into several stores and you might have done some window shopping. 

You might have tried on clothes in one store but you might have ended up not buying anything." 
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Appendix C: Thought Sampling Questionnaire  

(*note: participants completed one for critical comments and one for praise comments) 

Please describe the thoughts you were having after hearing the negative comments.  
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Please divide the circle below to show the proportion of your thoughts that were: 

 A. neutral 

 B. negative 

 C. positive 

Please label each section of the pie. If you didn’t have any thoughts, write N/A. 
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Please divide the circle below to show the proportion of your thoughts that were about the: 

 A. past 

 B. present 

 C. future 

Please label each section of the pie. If you didn’t have any thoughts, write N/A. 
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Please divide the circle below to show the proportion of your thoughts about the past that were: 

 A. neutral 

 B. negative 

 C. positive 

Please label each section of the pie. If you didn't have any thoughts about the past, write N/A.  
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Please divide the circle below to show the proportion of your thoughts about the present that 

were: 

 A. neutral 

 B. negative 

 C. positive 

Please label each section of the pie. If you didn't have thoughts about the present, write N/A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



145 

Please divide the circle below to show the proportion of your thoughts about the future that 

were: 

 A. neutral 

 B. negative 

 C. positive 

Please label each section of the pie. If you didn't have any thoughts about the future, write N/A. 

 

 


