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Abstract 
As knowledge of the neurobiological basis of psychopathology has advanced, 

public perceptions have shifted towards conceptualizing mental disorders as disorders 

of biology. However, little is known about how people respond to biological information 

about their own disorders. Such information is auto-biological—describing our own 

biological systems as a component of our identity. Chapter 1 presents a theory-based 

approach to conceptualizing how auto-biological information can influence people’s 

beliefs about their disorders, and proposes an attributional framework for presenting 

auto-biological information in a way that encourages agency, rather than destiny. 

Chapter 2 tests that framework by measuring the impact of auto-biological beliefs about 

vulnerability for affective disorders on attentional bias in a sample of healthy 

undergraduates. Chapter 3 moves towards clinical application and examines auto-

biological beliefs about the efficacy of cognitive strategies for influencing brain activity 

in a sample of individuals previously treated for depression. Chapter 4 discusses the 

evidence from these studies supporting the relevance of auto-biological beliefs for 

mental health, and presents challenges for future research.  
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1. Chapter 1. Communicating complexity in auto-
biological messages about mental health: a challenge 
for clinical psychology 

In the 25 years since the United States Congress declared the 1990s the “Decade 

of the Brain”, mental health researchers have increasingly accepted the notion that 

psychiatric disorders are fundamentally diseases of the brain. Funding sources such as 

the National Institute of Mental Health have incentivized the search for brain-based 

indicators and predictors of psychiatric disorders as a way to revolutionize how mental 

disorders are conceptualized, diagnosed, and treated (Weinberger & Goldberg, 2014). 

This shift in research priorities has been reflected in public opinion, with a majority of 

adults now believing that psychiatric disorders like depression (67%) and schizophrenia 

(86%) are caused by biological factors (Pescosolido et al., 2010). Moreover, consumer-

focused messages, such as “depression is a chemical imbalance”, originating from 

pharmaceutical companies are now commonplace and have shaped public attitudes 

toward mental illness as well as the self-perceptions of individuals affected by it. 

Although originally expected to reduce social stigma and blame, many biological 

messages about psychiatric disorders have had the opposite effect. For example, when 

individuals endorse a brain cause for a psychiatric disorder like schizophrenia, they rate 

an affected individual as more likely to be dangerous and less likely to achieve symptom 

remission (Kvaale, Gottdiener, & Haslam, 2013). Similar biases have been observed 

when a genetic cause for a mental disorder has been offered (Angermeyer, Holzinger, 
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Carta, & Schomerus, 2011; Haslam & Kvaale, 2015; Kvaale et al., 2013). Of course, 

inadvertently worsening the stigma associated with these disorders is directly counter to 

the intentions of the funding agencies and advocacy groups who have promoted 

biological messages. Those agencies and groups operated under the assumption that 

providing information about the biological causes of mental illness would reduce the 

blame placed on those affected (Jones & Mendell, 1999). In one sense such messages 

have had the intended effect: it does appear that public perceptions of blame for mental 

illness are reduced by biological messages (Crisafulli, Holle, & Bulik, 2008; Lincoln, 

Arens, Berger, & Rief, 2008). However, other aspects of mental illness stigma—such as 

perceptions of dangerousness, desire for social distance, and pessimism about change—

are increased when members of the public endorse biological causes for mental illness 

(Angermeyer et al., 2011; Haslam & Kvaale, 2015; Phelan, Yang, & Cruz-Rojas, 2006).  

Most of the research to date on the impact of biological messages on public 

perceptions of mental disorders has focused on lay beliefs about mental illness—or “folk 

psychiatry” (Haslam, 2005). Studies have been conducted using national survey 

samples, undergraduate students, or online convenience samples, and have assessed 

attitudes towards a fictional character with a particular disorder. The attitudes of those 

who are actually suffering from mental illness have received far less research attention 

(see Lebowitz, 2014, for a review). This is a notable omission considering the proportion 

of the population affected, with one source estimating that 46% of US adults will 
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experience at least one psychiatric disorder during their lifetime (Kessler et al., 2005a). 

Consequently, when we measure “public beliefs” about mental illness, what we get is 

(almost) equally likely to reflect beliefs about ourselves as beliefs about others.  

The term auto-biological, as used here, refers to one’s knowledge, attitudes or 

beliefs about one’s own biological systems, whether measured at the level of the gene, 

the neuron, the brain, or the entire organism. In this dissertation, I propose that such 

information has the potential to shape our personal identity by increasing our 

understanding of our own nature and history. After all, the scientific reality that we are 

biological beings is distinct from the degree to which we think of ourselves as such. 

Individual differences in how people think about themselves in relation to their cells, 

genes, or organs—their auto-biology—may influence other aspects of self-directed 

thought and behavior, potentially cycling back to influence the biology itself.  

In this introductory chapter, I consider the assertion that auto-biological beliefs 

may be particularly salient for individuals facing a disease state that is characterized by 

disordered subjective experience rather than simply disordered biology. How is one to 

understand, for example, that something as seemingly ethereal as mood can be tied to 

something as mechanistic as the firing of neurons? A conventional medical diagnosis 

like diabetes is linked to auto-biological beliefs, but in a less ambiguous way. We have a 

clear biological definition of the disorder (dysfunctional insulin metabolism), and we 

can learn how our own behavior and treatment decisions interact with this biological 
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signature. An individual diagnosed with depression, on the other hand, is faced with a 

much more complex problem of attempting to understand how dysfunctional biology 

contributes to the subjective experience of emotional pain (Kendler, 2005). This is a 

difficult problem for scientist, clinician, and patient alike, and deserves more attention 

from the perspective of the individual who must make treatment decisions based on 

her/his understanding of the disorder. Taking this auto-biological perspective, I will 

examine the impact of the recent shift towards biological conceptualizations of mental 

disorders on those who are affected by it most: individuals with a psychiatric diagnosis. 

This introductory chapter has been modified from a manuscript, originally co-authored 

with Dr. Strauman, which is currently under review at the journal Clinical Psychology: 

Science and Practice.  

In the second chapter, I will describe the methods and results of an experimental 

study in which participants were given different messages about the biological basis of 

their behavioral task performance, framing this biological influence as either fixed or 

malleable. Along with measuring behavioral performance before and after delivery of 

the biological message, participants were also asked to rate themselves on a biological 

distribution that is relevant to psychopathology (threat-related amygdala reactivity). 

These auto-biological self-ratings were then considered in relation to their actual 

biological data (as obtained through their participation in the Duke Neurogenetics 

Study), self-reported affective symptoms, and behavioral task performance. This study 
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was conducted in collaboration with the Duke Neurogenetics Lab, under the 

directorship of Dr. Ahmad Hariri.  

In the third chapter, I will describe the methods and results of a brief auto-

biological intervention in which participants with a history of depression were provided 

with moment-to-moment feedback regarding the efficacy of their cognitive strategies for 

changing mood-related brain activity. In the MRI scanner, participants viewed a real-

time fMRI neurofeedback signal that corresponded to change in activation in an area of 

the brain involved in affective experience (the anterior cingulate cortex). This 

neurofeedback signal was provided while participants attempted to regulate their mood 

using cognitive strategies, some of which were learned in therapy. We measured the 

effects of this brief intervention on participant beliefs in the efficacy of their cognitive 

strategies as well as their tendency to use those strategies before and after the scan 

session. This study was conducted in collaboration with the Motivated Memory Lab, 

under the directorship of Dr. Alison Adcock. 

In the fourth and final chapter, I will consider the results of these two studies in 

light of existing evidence about the importance of auto-biological beliefs. I will pose 

questions left open by this initial work, and suggests approaches for future studies 

aimed at broadening our understanding of the relevance of auto-biological knowledge 

for mental health.   



 

 6 

1.1 Biological beliefs and scientific realities 

Our discussion begins with a brief review of the experimental consequences of 

introducing biological information about mental disorders. A critical look at the existing 

studies reveals that many of the biological messages that have been investigated are at 

best reductionistic and at worst frankly inaccurate. When examined alongside the 

scientific knowledge they attempt to convey, the biological messages provided in many 

of these studies appear overly simplistic (and inadvertently misleading). 

1.1.1 “Depression is a chemical imbalance.”  

The chemical imbalance explanation for depression resulted from the discovery 

that drugs affecting levels of monoamines such as serotonin and norepinephrine were 

effective in treating depression (Lacasse & Leo, 2005). Direct-to-consumer advertising by 

companies marketing antidepressants that can “correct” the alleged chemical imbalance 

have helped spread the message, along with articles in the popular press that have 

adopted the chemical imbalance terminology (Leo & Lacasse, 2008). The result is that the 

chemical imbalance explanation for depression is widely endorsed and yet scientifically 

distorted. For example, in a survey of undergraduate students, 24% erroneously 

believed that doctors can directly measure amounts of different brain chemicals to 

diagnose depression, and 35% believed that doctors treat depression by adding or 

subtracting brain chemicals to find the right balance (France, Lysaker, & Robinson, 

2007). 
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The impact of the chemical imbalance message has been investigated 

experimentally. Kemp and colleagues (2014) recruited undergraduates who reported 

previous or current depressive episodes and gave them a fictional “Rapid Depression 

Test”, which purported to measure neurotransmitter levels via cheek swab. Half of the 

participants were given tests results that indicated their depression was caused by a 

serotonin imbalance, and were shown a bar graph depicting lower serotonin levels 

compared to other neurotransmitters. Control participants were given test results 

indicating that their depression, in contrast, was not caused by a chemical imbalance 

and were shown a graph depicting all neurotransmitters in the “normative range”. 

Participants in the chemical imbalance group reported increased prognostic pessimism 

and lower perceived ability to regulate negative mood states compared to the control 

group. They also rated pharmacotherapy as more credible than psychotherapy, 

confirming the finding that medication is considered the best option for treating a 

“chemical” disorder (Deacon & Baird, 2009).  

This specific investigation is a clear example of the harm that can be caused by 

presenting incorrect, reductionistic biological messages about mental disorders. Despite 

the ubiquity of the “chemical imbalance” explanation in popular culture, we know from 

decades of scientific research that depression is not simply a chemical imbalance. 

Research on the mechanisms of action of antidepressant medications has revealed that 

these drugs affect brain plasticity and neural network dynamics, and that medication 
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efficacy (or lack thereof) cannot be explained by simple local changes in brain chemistry 

(Krishnan & Nestler, 2010). Recent work suggests that even the initially proposed 

mechanism of action of antidepressant medications was substantially incorrect: these 

drugs do not work via acute increases in monoamine transmission but rather operate 

over a longer timescale, affecting gene transcription factors in specific regions of the 

brain but not others (Pittenger & Duman, 2008). And they do not work for everyone: in 

most clinical trials, around 50% of patients achieve total symptom remission (and note 

that efficacy rates for most psychotherapies are comparable (Elkin et al., 1989; Hollon et 

al., 1992).  

The current state of knowledge about the etiology of depression suggests a 

model of causality that is far more complex, involving a dynamic interaction between 

biological and psychological processes. The behavioral link between stressful life events 

and depression (Hammen, Marks, Mayol, & DeMayo, 1985) can now be explored 

mechanistically, and neuroscience research has revealed the similarities between the 

stressed brain and the depressed brain. Inflammatory pathways that are triggered by 

chronic stress are also overactive in depression (Miller, Maletic, & Raison, 2009), and 

chronic stress can lead to reduced neurogenesis and cellular atrophy in the 

hippocampus—changes that have been associated with depression in human post-

mortem as well as animal studies (Saveanu & Nemeroff, 2012). Antidepressant drugs 

may reverse some of these stress-induced changes (Pittenger & Duman, 2008); for 
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example, the downstream targets of antidepressant drugs can increase the activity of 

transcription factors to induce neuroplastic changes at the level of the synapse. Thus, it 

appears that stress may lead to depression through mechanisms of altered molecular 

neuroplasticity, and antidepressant medications may work to reverse those changes. 

From the perspective of auto-biology, we imagine this conclusion may in fact hold more 

comfort for individuals than the previously-held notion that such drugs temporarily 

adjust relative levels of neurotransmitters.  

1.1.2 “Mental illness is genetic.”  

The Human Genome Project completed the first full sequence of the human 

genome in the early 2000s, coinciding with substantial growth of the field of behavioral 

genetics and an expanded search for the genes that underlie medical illnesses as well as 

psychiatric disorders. Unfortunately, one-to-one mapping of genes and mental disorders 

has proved elusive and increasingly appears to be an overly simplistic scientific goal 

(Kendler, 2006). While the complexity of genetic contributions to psychopathology has 

gradually come to be accepted by the scientific community, it has not been well-

communicated to the general public, with the result that the public conception of 

psychiatric genetics is often frankly inaccurate. For example, 24% of individuals 

surveyed in one study believed that the brain was the main location of genes in the body 

(Lanie et al., 2004).  
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Genetic information is particularly challenging to communicate, as it is both 

scientifically complex and ethically sensitive. Genetic explanations of behavior have 

been said to appeal to the natural tendency to “essentialize”, or to categorize people and 

other living things based on what are perceived to be fundamental, underlying natural 

characteristics (Haslam & Ernst, 2002; Rothbart & Taylor, 1992). When a genetic 

explanation for a particular behavior or outcome is evoked, it sets in motion a pattern of 

thinking called genetic essentialism (Dar-Nimrod & Heine, (2011) through which a 

number of characteristics are automatically assigned: (1) immutability, that genetically 

caused outcomes are inescapable and predetermined; (2) etiological specificity, that 

genetic causes supersede all other causes for behavior (such as environmental or 

psychological causal factors); and (3) discreteness, that individuals in a genetic group are 

homogeneous and uniquely defined by a shared characteristic. 

The rigid categorizations of mental disorders that results from genetic 

essentialism serves to exacerbate stigma against diagnosed or marginalized groups (Dar-

Nimrod & Heine, 2011) and has been implicated in the frequently observed association 

between genetic explanations of mental illness and stigma (Haslam, 2011). For example, 

undergraduate participants tend to rate vignette characters as more dangerous and less 

likely to recover when given a biogenetic explanation of their mental disorders, 

compared to environmental or psychosocial explanations (Bennett, Thirlaway, & 

Murray, 2008; Boysen & Gabreski, 2012; Lincoln et al., 2008; Walker & Read, 2002).  
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Inarguably, there is an important and likely essential genetic component to 

disorders like schizophrenia and depression. However, the statement “mental illness is 

genetic” obscures the critical observation that research in psychiatric genetics has 

revealed no simple gene-disorder associations for major mental illnesses. Instead, a 

complex interplay of developmental, environmental, genetic, and epigenetic factors 

confers relative risk or resilience for disease. In one well-publicized example of a gene-

environment interaction, the “short” allele for the promoter region of the serotonin 

transporter gene was shown to confer significantly greater vulnerability for depression 

only in combination with exposure to stressful life events (Caspi et al., 2003).  

A statistical gene-environment interaction says nothing about the mechanism by 

which psychological processes or environmental factors affect the biological systems of 

some individuals but not others. One possible pathway by which such an interaction 

could occur is through epigenetics, which refers to modifications that can alter gene 

function without changing the underlying DNA sequence (Dudley, Li, Kobor, Kippin, & 

Bredy, 2011; Tsankova, Renthal, Kumar, & Nestler, 2007). Modification of histones—the 

structural proteins that support strands of DNA—can affect whether or not a gene is 

ultimately transcribed into its end product (Sun, Kennedy, & Nestler, 2013). Similarly, 

the addition of a methyl group to a cytosine residue in the DNA sequence can either 

enhance or silence gene expression (perhaps by triggering the modification of histone 

proteins; Tsankova et al., 2007). Interestingly, these epigenetic “tags” (e.g., histone 
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modification, methylation) will differ for DNA in different cells in different regions, and 

can be induced or reversed in response to environmental events. For example, rat pups 

that receive frequent licking and grooming from their mothers in the first week of life 

show changes in the DNA methylation of genes that regulate the stress response, 

making them less reactive to stress in adulthood (Weaver et al., 2004). Thus, through 

epigenetics a stable, fixed DNA sequence can become a flexible, adaptive system that is 

responsive to the environment (Sweatt, 2009).  

How exactly all these pieces fit together—stress-induced changes in 

neuroplasticity, individual differences in stress sensitivity, and experience-dependent 

epigenetic modification —is not yet clear. Nonetheless, it is evident from this cursory 

review that no single conclusion can be drawn about what is the biological nature of a 

disorder like depression. Clearly, biological processes are involved in the onset and 

maintenance of the disorder, but no single biological explanation can account for what it 

means to be clinically depressed. Instead, from the convergence of genetics, 

neuroscience and psychology emerges a more complete picture of the biology of 

depression, one which stands in stark contrast to the currently widespread beliefs about 

the nature of the disorder. This discrepancy is unfortunate, because a more dynamic 

view of the biology of depression is arguably more optimistic—we know that 

depression is responsive to various treatments, subject to environmental influences, and 

not genetically inevitable. 
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At least one research group recently attempted to measure the influence of a 

more nuanced biological message on attitudes about depression. Lebowitz and 

colleagues (2013) recruited a sample of individuals via Amazon’s Mechanical Turk who 

scored in the clinically significant symptom range on the Beck Depression Inventory 

(BDI ≥ 16). Half of the participants watched a short video explaining environmental 

effects on gene expression (i.e., epigenetics) and emphasized that brain chemistry is 

“malleable”, while the other half learned that depression is a “biological illness” that is 

genetically inherited and associated with structural brain differences. Encouragingly, 

participants in the malleable condition reported a greater sense of agency with regard to 

dealing with their symptoms than those in the biological illness condition. In a 

subsequent replication sample, similar effects were shown both immediately and at 6-

week follow-up (Lebowitz & Ahn, 2015). In contrast to the studies previously reviewed 

(which compared the effects of biological vs. non-biological messages), this study was 

the first to manipulate the content of the biological message, in an attempt to move from 

simplistic biological descriptors (i.e., “genetic disease” or “chemical imbalance”) to a 

more nuanced explanation of the dynamic interplay between environmental influences 

and psychopathology. It provides a useful starting point for other reattribution 

interventions (such as the studies included here) that aim to introduce more realistic, 

complex, and arguably more adaptive messages about the biology of mental illness.  
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1.2 Attribution as a candidate psychological mechanism 

Having reviewed the existing literature on biological beliefs about mental illness, 

I now move to a discussion of the psychological processes that could mediate the impact 

of beliefs about the biology of mental illness on individuals with a disorder. As stated, 

research on the consequences of such beliefs for affected individuals is limited, and 

results from existing studies are mostly discouraging (Lebowitz, 2014). Furthermore, the 

existing research has been largely atheoretical, leaving the reader with the conclusion 

that biological messages are often harmful, but with little sense of why this might occur 

or what could be done to modify the effects. At this point, the question of whether or not 

biological information should be communicated to patients is immaterial. Biological 

conceptualizations are already part of our national dialogue about mental health and 

have influenced beliefs in a majority of the US population (and note that these figures do 

not reflect any further changes occurring in the past five years; Pescosolido et al., 2010). 

Thus, given that dissemination has already occurred, there is an urgent need to clarify 

what meaning an individual might ascribe to auto-biological information—especially 

within the context of a psychiatric diagnosis—and what psychological mechanisms 

might be harnessed to improve the way biological information is delivered to patients to 

mitigate any potential negative impacts.  

The focus of this review will now shift toward considering depression in 

particular, although much of the following discussion can be applied trans-
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diagnostically. Depression is the most common mood disorder, affecting 16.5% of the US 

adults at some point in their lifetime, and is the leading cause of disability for 

individuals aged 16-45 (Kessler, Chiu, Demler, & Walters, 2005b; WHO, 2008). Beyond 

its prevalence in the population, depression is a suitable target disorder for the current 

discussion for two reasons. First, in contrast to disorders that are characterized by 

psychotic symptoms (e.g., schizophrenia), public opinion of the etiology of depression is 

less exclusively biological and tends instead to incorporate a number of different causal 

factors including stress, relational difficulties, and personality variables (Schomerus et 

al., 2012). Second, patient beliefs and expectations play a powerful role in the treatment 

of depression, with placebo effects in therapy and drug trials accounting for as much as 

30% of treatment response (Rutherford, Wager, & Roose, 2010). Given that expectations 

for improvement appear to be an active ingredient in the treatment of depression, meta-

cognitive beliefs about the disorder and its biology may be particularly influential.  

Indeed, beliefs about the etiology of depression may affect an individual’s 

tendency to both seek and engage in treatment. Endorsing a biological cause for 

depression has been associated with greater intent to accept a diagnosis among 

individuals who were experiencing depressive symptoms (Van Voorhees et al., 2005). 

Patients with a diagnosis are more likely to choose a treatment that matches their 

etiological beliefs (Schweizer et al., 2010), and assigned treatments that are congruent 

with a patient’s etiology beliefs are perceived as more likely to be helpful (Iselin & 
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Addis, 2003). And while two studies have shown that pre-existing etiological beliefs do 

not influence treatment outcomes (Dunlop et al., 2012; Leykin, DeRubeis, Shelton, & 

Amsterdam, 2007), one study suggested that patients who endorsed biological beliefs at 

baseline were more likely to respond to antidepressant medication than those who did 

not (Sullivan et al., 2003). Etiology beliefs also appear to be shaped by treatment 

experiences: after successfully completing a treatment, patients are more likely to 

endorse beliefs that are in-line with the treatment modality they received (Leykin et al., 

2007). Thus, while it appears that beliefs about depression etiology may be influential, 

we still have very little understanding of the mechanism by which such beliefs might 

affect an individual’s engagement or success in treatment.  

The search for candidate psychological mechanisms led to the classic literature 

on attribution. Attribution is the process by which people infer cause-and-effect 

relationships in an attempt to explain behavior. Whether applied to our own behavior or 

the behavior of others, attributions are considered an aspect of “naïve psychology” 

(Heider, 1958) because they exist naturally in the minds of lay people and are distinct 

from philosophical or academic explanations of behavior. The attribution literature 

provides an appropriate theoretical background for the present discussion because it 

directly addresses the question: What is the impact of beliefs about causality on 

behavior? In pursuit of this question in my Major Area Paper, I drew relevant examples 

from the attribution literature of attempts to alter individuals’ attributions about their 
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own behavior along three primary dimensions: internal/external, stable/unstable, and 

controllable/uncontrollable. While examples in this section are drawn from disparate 

psychological literatures, I later illustrate how the same principles can be meaningfully 

applied to understanding how individuals account for the causes of their own mental 

disorders. 

1.2.1 Internal vs. external attribution 

Early attribution research focused on the basic distinction between attributing 

one’s own behavior to internal or external causes (Heider, 1958). Experimental 

paradigms using pill placebos provided an opportunity to study the effects of 

attributing one’s behavior (e.g., arousal level) to an internal cause (anxiety) or an 

external cause (the pill). Several studies found benefits of attributing arousal to external 

sources: for example, Nisbett and Schachter (1966) found that participants who 

attributed a physiological fear reaction to a placebo, rather than the upcoming threat of 

shock, were able to tolerate higher levels of shock and reported less pain than 

participants who attributed their reaction to an internal fear state. In a study with 

chronic insomniacs, Storms and Nisbett (1970) found that participants who expected to 

be aroused by a placebo taken a bedtime had an easier time falling asleep compared to 

participants who expected to be relaxed by the pill (thus attributing their continued 

wakefulness to their own internal anxiety).  
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These early misattribution studies concluded that attributing a physiological 

state (arousal) to an external source (drug) frees the individual from making internal 

attributions that could be distressing, such as “I am afraid of this shock” or “My 

thoughts make it impossible to fall asleep.” But, if generalization of a behavior to a 

broader context is desired, then it is better to attribute that behavior to an internal as 

opposed to an external factor. For example, Davison and Valins (1969) led participants to 

believe that they had taken a “vitamin” which conferred skin insensitivity prior to 

receiving electric shocks; half the participants were then debriefed and told the truth 

about the vitamin, leading them to think that any increase in their shock tolerance could 

be attributed to internal factors. These internal attributions allowed the debriefed group 

to tolerate higher levels of shock in a delayed post-test compared to the group who 

attributed their earlier tolerance to the placebo. This study makes the simple yet crucial 

point that attributing a positive outcome on an external source creates a reliance on that 

source (in the same way that a patient on medication may become reliant on that 

medication for continued symptom management). Internal attributions, in contrast, can 

persist beyond any single environmental context and have more potential for 

generalizability.  

Extending the clinical implications of these early attribution studies to the 

diagnosis and treatment of depression, the extent to which an individual attributes 

her/his depression to internal vs. external factors may matter a great deal. For example, 
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attributing depression to a genetic risk could be viewed as external (i.e., “it was handed 

down to me by my parents”), whereas attributing it to a personality factor could be 

viewed as internal (i.e., “there is something wrong with me”). Patients may take comfort 

in an external attribution, in this case, as it could remove a sense of responsibility or self-

blame for the depression etiology. In turn, the internal vs. external distinction could be 

relevant to a patient’s expectations for improvement both during and after a course of 

treatment. Such expectations would likely differ depending on whether symptom 

improvement is believed to be caused by factors within an individual – particularly 

changes in depressogenic processes or characteristics – or by something external, such as 

medication.  

1.2.2 Stable vs. unstable attribution 

A second attributional dimension, stable/unstable, has been investigated most 

thoroughly in the educational and social psychology literatures. In the domain of 

academic achievement, a student’s belief in the stability of his or her performance across 

time has clear implications for sustaining motivation following success or failure. For 

example, Dweck (1975) concluded that exposing students to failure and attributing it to 

lack of effort—an unstable factor that can change across time—was more effective in 

improving their performance compared to a group of students who were exposed to 

only success feedback. Dweck and colleagues (2007) later investigated beliefs about the 

stability of intelligence as an individual difference: entity theorists believe that 
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intelligence is an unchangeable, fixed quantity that individuals possess to various 

degrees, whereas incremental theorists believe that intelligence is malleable and capable 

of being developed over time. In a large-scale, school-based intervention, the authors 

gave one group of students an incremental message (“that learning changes the brain by 

forming new connections, and that students are in charge of this process”; Blackwell et 

al., 2007, p. 254), and followed them, along with a control group, through the 

academically-crucial transition years of junior high school. The incremental group 

reported increased motivation in math class and showed a reversal of the normative 

decline in math grades that tends to occur during that developmental period. The same 

effect appears to hold for students in higher education: Wilson and Linville showed that 

college freshman who were told that grades tend to improve over the four years in 

college improved their academic performance and had lower drop-out rates compared 

to a group that was not given any information about GPA trends (Wilson & Linville, 

1982; 1985).  

The positive academic outcomes associated with these brief attributional 

interventions speak to the power of the stable/unstable dimension for affecting beliefs as 

well as future behavior. The two types of implicit theories discussed in Dweck’s work—

incremental vs. entity—can be readily applied to biological beliefs about depression. An 

entity perspective might emphasize the immutability of genetic risk, the structural 

changes that are thought to occur in the depressed brain, and the “chemical imbalance” 
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that underlies depressed mood. An incremental perspective, in contrast, might 

emphasize gene-environment interactions, functional brain changes that occur with 

depression, and the potential for psychological as well as pharmacological treatments to 

reverse those changes. For the moment, these are initial hypotheses, as (to our 

knowledge) implicit beliefs about the biology of depression have yet to be measured 

systematically. Nevertheless, the recent research investigating the effects of a 

“malleable” message about the biology of depression (Lebowitz et al., 2013; Lebowitz & 

Ahn, 2015) suggests that this perspective has promise, and provides important evidence 

that shifting from an entity to an incremental perspective on the biology of depression 

could have an impact on a patient’s expectations for improvement and intention to seek 

treatment.    

1.2.3 Attributions of controllability vs. uncontrollability 

The final attributional dimension—controllable/uncontrollable—has been 

explored in the clinical as well as the social psychological literatures. Evidence from both 

fields suggests that attributing our behavior to factors within vs. outside our control has 

dramatically different implications for future behavior. The learned helplessness model 

of depression (Abramson, Seligman, & Teasdale, 1978) based on the original learned 

helplessness work with animals, asserted that “helplessness”—the belief that 

reinforcement is independent of behavior—is a core factor in the etiology and 

maintenance of depression. In an experimental investigation, Klein and Seligman (1976) 
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induced learned helplessness in a group of healthy college students by subjecting them 

to inescapable aversive noise. Half of these participants (along with a group of 

depressed participants who were presumed to have already learned helplessness) then 

underwent a “therapy” experience—completing a set of solvable discrimination 

problems—which was expected to correct the belief that responses are not tied to 

outcomes. They found that completing solvable therapy problems reduced the escape 

deficits associated with helplessness in depressed and non-depressed subjects alike. 

Thus, learned helplessness was reversed through a therapeutic experience in which 

responses are reliably tied to reinforcement, thus conferring controllability in a situation 

previously deemed uncontrollable. 

In contrast to the other two attributional dimensions, for which information-only 

interventions are effective in shifting people’s beliefs (e.g., from stable to unstable), the 

controllable/uncontrollable dimension may require direct experience of controllability to 

change beliefs and behavior. Evidence in support of this assertion can be found in the 

literature on self-efficacy. In outlining his theory, Bandura (1977) made a distinction 

between two types of expectancies: an outcome expectancy describes the belief that an 

outcome is controllable, whereas an efficacy expectancy is the belief that one is capable 

of controlling the outcome. Bandura’s theory, in effect, suggests that a second condition 

is required for the controllability dimension to influence behavior: (1) the process must 

be controllable, and (2) the person must believe in his or her ability to control it. If 
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condition 2 is not met, condition 1 is no longer useful, and could even result in 

additional shame about one’s personal inability to affect the outcome (see Abramson et 

al., 1978, for a related discussion of personal helplessness).  

According to Bandura, the most persuasive source of efficacy information is 

performance accomplishments—multiple success experiences accumulated over time. 

This point will likely resonate with behavioral therapists, who tend to build in success 

experiences early in treatment to build patient confidence and encourage engagement 

(Maddux, 2009). Verbally persuading someone of their efficacy, in contrast, is easier to 

implement but much less effective (Bandura, 1977). Building self-efficacy one way or 

another is particularly important in the treatment of depression: low levels of self-

efficacy have been shown to be related to anxiety and depressive symptoms (Muris, 

2002), and depressed patients who report greater efficacy in their ability to control 

negative cognitions at the end of treatment are less likely to relapse (Kavanagh & 

Wilson, 1989).  

From the reattribution studies reviewed here, it can be seen that modifying 

dysfunctional attributions has the potential to bring about lasting change. I propose that 

this same psychological mechanism could be used to shape auto-biological attributions 

in such a way as to encourage a more adaptive stance toward the diagnosis and 

treatment of mental disorders. Indeed, the studies reviewed in this section have 

attempted to correct maladaptive beliefs (such as "intelligence is fixed"; Blackwell et al., 
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2007) and demonstrated that a change in beliefs led to a change in behavior. The 

challenge going forward is to use these same basic strategies and techniques to correct 

the reductionist perspective that dominates public beliefs about depression and 

introduce a more accurate and hopeful picture of the disorder (Kendler, 2005). For 

patients suffering from depression, encouraging a perspective that validates the 

subjective as well as the biological nature of depression is essential. Equally important 

are the beliefs and behaviors that may be impacted by changing a patient’s perspective: 

treatment seeking, motivation, and expectations for recovery. The remainder of this 

chapter directly addresses the challenge of designing and disseminating more accurate 

biological messages and suggests an attributional framework for considering the auto-

biology of depression.  

1.3 Toward a framework for intervention 

Imagine a conversation between a therapist and patient in which the patient 

seeks to understand the biological aspects of his or her depression. A variety of 

approaches could be taken by the therapist—a focus could be placed on etiology (i.e., the 

biological origins of the disorder), on the patient’s current experience (i.e., the biological 

factors that influence mood), or on the potential for treatment (i.e., the biological basis of 

symptom reduction). I suggest that these approaches fall into two general categories: A 

retrospective frame is one that focuses on etiology, whereas a prospective frame is one that 

focuses on symptom reduction, remission, and relapse prevention. A review of the 
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biological messages provided in existing experimental studies reveals that most of those 

messages would fit into the retrospective category, as they focus on the presumed 

neurochemical or genetic causes of a disorder (which, in any individual case, cannot be 

determined after the fact). I identified only two recent experiments (Lebowitz et al., 

2013; Lebowitz & Ahn, 2015) which included examples of prospective framing—a 

mention of the role of epigenetics and neuroplasticity in depression.  

Framing auto-biological information in retrospective versus prospective ways 

may have strikingly different consequences for beliefs about a disorder. Evidence for the 

affective consequences of a retrospective frame comes from the stigma literature 

(Weiner, Perry, & Magnusson, 1988). Stigma related to physical ailments (like cancer) are 

considered onset-uncontrollable and are associated with altruistic emotional reactions—

increased pity, liking, and help-giving. Stigma related to mental-behavioral problems 

that are often, justifiably or not, considered onset-controllable (like addiction) are 

associated with lack of pity, dislike, and anger. Introducing biological information about 

depression in a retrospective frame may help shift the disorder in the eyes of the patient 

and/or the perceiver from the onset-controllable category to the onset-uncontrollable 

category, thus reducing blame. Indeed, the only aspect of stigma that is reliably reduced 

by biological information is blame (Haslam & Kvaale, 2015; Kvaale et al., 2013). This 

finding has been confirmed in qualitative interviews, where patients report experiencing 

a sense of relief once they are able to attribute the cause of their disorder to biology 
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rather than their own failings: “If it is a genetic disease—well—then it is not your fault, 

it’s just the way it is” (Laegsgaard, Stamp, Hall, & Mors, 2010, p. 475). Taken together, 

applying a retrospective biological frame to depression—one that emphasizes the 

biological/genetic aspects of etiology and the uncontrollable nature of the onset—could 

be helpful for reducing blame by shifting the attribution from an internal cause to an 

external one. 

However, while retrospective messages may reduce blame, they may be 

problematic for coping with current symptoms or motivating engagement in treatment. 

The results of the existing experimental work on biological explanations clearly 

implicates the genetic essentialism perspective, and particularly that biological 

information framed retrospectively leads to assumptions of immutability or, to use the 

attribution theory term, stability. The work of Dweck and colleagues (2007) has shown 

the considerable psychological costs of such stable, or “entity” theories for multiple 

behavioral outcomes. On this point the extant work on biological messages, with its 

essentialist implications, reveals its most fundamental weakness: by portraying biology 

as a fixed entity, which confers immutable illness status on some but not others, these 

messages actually violate a key principle of systems biology, i.e., the dynamic and 

nondeterministic nature of biological systems over time.  

Biology at the level of the organism is characterized by both stability and 

mutability. That is, biological systems are dynamic, responsive to the environment, and 
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in many cases highly plastic over time (Bateson et al., 2004; Turrigiano & Nelson, 2004; 

West-Eberhard, 1989). There are few, if any, identified biological systems—from the 

level of molecules all the way up to ecosystems—that do not have some mechanism for 

adaptation to changes in the environment. Therefore, paradoxically, the inclusion of a 

systems-based, dynamic understanding of biology in framing mental illness may have 

the salutary effect of shifting beliefs away from stability, entity, and immutability, and 

towards the unstable, incremental and changeable end of the attributional spectrum. A 

prospective biological frame, which emphasizes the possibility of change, has potential 

as an interventional tool to encourage adaptive coping and treatment seeking in those 

affected by mental illness. Such a frame may be especially useful when applied to 

depression, a disorder in which hopelessness is a symptom and for which treatment 

expectations can significantly enhance symptom reduction (Rutherford et al., 2010). 

 

Figure 1: Predictive model depicting the attributional consequences of framing 
the biology of depression with a retrospective or prospective frame. 
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Framing the biology of depression retrospectively versus prospectively leads to 

distinct predicted patterns of attributions. The attributions that are predicted to follow 

from each type of frame are depicted in Figure 1. According to this model, a 

retrospective frame leads to external attributions of depression, in which the disorder is 

due to “my biology” instead of “me.” A retrospective frame also leads to attributions of 

stability and uncontrollability, both of which lessen personal responsibility but increase 

pessimism (and in the case of depression, hopelessness) regarding prognosis. In 

contrast, a prospective frame encourages internal attributions through a rejection of 

static brain-mind dualism (i.e., "my biology is me"; Kendler, 2005). The affective 

consequences of an internal biological attribution are unclear; personal responsibility 

may increase, which can be accompanied by guilt (but note that guilt, unlike shame, 

tends to motivate behavior, and so may actually be helpful in the context of treatment-

seeking; Weiner, 1994).  

A prospective frame also leads to attributions of instability, which is critical for 

increasing effort and motivation in response to the possibility of change (Dweck, 1975), 

and controllability, or the assertion that an individual can exercise at least some degree 

of control over auto-biological systems. This framing should reduce feelings of 

hopelessness and encourage the active engagement of strategies to reduce discomfort 

(Abramson et al., 1978). Importantly, however, according to self-efficacy theory, merely 

knowing that a process is controllable is not sufficient; an individual must also be 
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convinced of his or her capacity to exert control (Bandura, 1977). This insight requires an 

interventional strategy that is both persuasive and convincing—one that provides 

accurate and comprehensible information along with compelling evidence of its 

credibility. 

1.3.1 Changing the message 

Thus far I have identified the gap between what we know about the biology of 

mental illness and what is communicated to those who are affected, and reviewed the 

existing literature which suggests that the biological explanations provided to date have 

been mostly harmful. I explored attribution theory as a putative psychological 

mechanism for these effects and proposed a framework for presenting messages about 

biology that more accurately communicate scientific reality and have the potential to 

shape healthier auto-biological attributions. But what might such a message actually 

look like? How can science communicators and clinicians distill the essential biological 

truths into a message that conveys complexity, while at the same time being simple 

enough for a non-scientist to understand and benefit from? 

Although the scientific literature on neuroplasticity and epigenetics is rapidly 

growing, the technical nature of these literatures can be intimidating to non-experts. 

Luckily, a number of institutes and organizations exist with the explicit goal of relaying 

scientific information to general audiences. These groups have created communication 

resources such as videos and interactive web content that that are broadly 
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understandable and yet maintain their scientific integrity (a selection of such resources 

can be found in Appendix A). These resources are ready and available for dissemination 

but can also serve as a model for investigators who want to develop their own materials 

for communicating their science to a broader audience. A motivated consumer in search 

of readily digestible scientific content need look no further than the work of these 

groups to find comprehensible, accurate descriptions of epigenetics and neuroplasticity. 

The overarching message that should be communicated in a prospective 

biological frame is that experience can change the brain. Indeed, one could go even 

further and argue that brains are “designed” to be responsive to experience (Belsky & 

Pluess, 2009; Kolb & Whishaw, 1998). In clinical practice, this message can be 

individually tailored to the relevant experiences or concerns of an individual. For 

example, a patient who is hesitant to practice emotion regulation strategies outside of a 

session could be provided with readily understandable information about long-term 

potentiation and the importance of repetition to achieve lasting neurobiological change 

(e.g., Bliss & Collingridge, 1993; Carr, Jadhav, & Frank, 2011). 

A clinician or communicator need not start from scratch in designing an auto-

biological message. An excellent example of messaging research can be found in the 

work of the Frameworks Institute, a non-profit organization that focuses on reframing 

social and scientific scholarship for public consumption. While the Frameworks Institute 

has not (yet) focused their efforts directly on framing biological information about 
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mental disorders for patients, projects they have conducted on early childhood 

development and child mental health are a rich source of examples and ideas for 

translating complex science into simple, comprehensible messages for public audiences 

(Davey, 2010). 

The first step in the Framework Institute’s strategy is to collect information about 

the currently dominant thought patterns on a topic (e.g., child mental health) by 

surveying the general public and comparing the results to data collected from scientific 

experts on the topic (Kendall-Taylor, 2012). Having identified the “gaps in knowledge” 

between the two groups, they then design a “simplifying model” or metaphor that can 

be used to convey a concept to a public in a simple, easily comprehensible format. For 

example, the simplifying model “Levelness” emerged from testing as the best metaphors 

for explaining the concept of child mental health (Erard, Kendall-Taylor, Davey, & 

Simon, 2010a). Here, the term “levelness” is used as it is applied to furniture, like a table. 

A table that is not level is not optimally functional, in the same way that a child with 

poor mental health cannot function optimally. A child’s brain developing on a “level 

floor”, with supportive relationships, good nutrition and health care, will function better 

than a brain that develops on a “sloped or slanted floor”, characterized by abuse or 

violence, unreliable relationships, and poor resources. The strengths of this metaphor 

are that it can be used to advocate for multiple pathways of intervention (fix the floor, 
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fix the table, or both), as well as the importance of intervening early (“little wobbles” can 

become “bigger wobbles” later if not fixed during childhood).  

Three principles of effective messaging can be gleaned from the Frameworks 

approach. First, an effective message need not contain biological language to explain a 

biological concept. Frameworks projects use non-biological metaphors to ensure 

comprehension from the broadest possible audience (Erard et al., 2010a). Second, the 

approach to background research and the criteria for selecting an effective metaphor will 

depend on whether the goal is to introduce a new concept (e.g., epigenetics; Erard, 

Kendall-Taylor, Simon, & Davey, 2010b) or rework an entrenched, counterproductive set 

of ideas (e.g., depression is a chemical imbalance). Third, an effective metaphor must be 

generative, meaning that it can be built-upon and expanded by its users without losing 

its conceptual utility (Erard et al., 2010a). I strongly advocate for the use of a 

Frameworks-type approach for designing effective metaphors to communicate complex 

biological concepts in a way that can be readily understood and used by patients. The 

institute’s website (listed in Appendix A) is an excellent source of research reports, 

metaphor examples and training modules for prospective “messengers”.  

1.3.2 Message dissemination 

Once an effective biological message has been designed, the next challenge lies in 

its dissemination. Messages about mental health tend to receive the broadest 

dissemination through public service announcements by national organizations (e.g., 



 

 33 

NIMH, the National Alliance on Mental Illness). As evidence accumulates about the 

importance of thoughtful communication of biological information about mental 

disorders, it is my sincere hope that such organizations will refine the messages that 

they publically disseminate. Such efforts should be based on empirical testing of 

prospective messages (similar to the Frameworks approach) with both patient and non-

patient samples.  

For researchers seeking to communicate their findings to the general public, the 

educational resources provided in Appendix A should be consulted for examples. In 

addition, care should be taken in communicating with the media and general audiences 

to avoid reductionist explanations of behavior (Miller, 2010). Investigations of media 

portrayals of neuroscientific research find that reductionistic, “essentialist” messages 

predominate, along with enthusiastic endorsements of the potential of novel therapeutic 

techniques that, in reality, require years of further testing before they can be 

incorporated into the treatment of psychiatric disorders (Racine, Waldman, Rosenberg, 

& Illes, 2010). Portraying such techniques as biological “silver bullets” diminishes the 

role of existing psychological treatments and reinforces the notion of mental illness as a 

“brain disease” that can only be repaired through biological intervention. Researchers 

can help reverse this trend by carefully attending to media portrayals of their work and 

guarding against exaggerated claims that could alter public expectations for the future 

of biological interventions.  
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For clinicians, accurate biological messages should be incorporated directly into 

the existing structure of clinical interactions. Indeed, providing patients with 

information about their symptoms and linking that information to practical 

management skills is not a new approach; rather these two components are the basis of 

psychoeducation—a “catch-all” term that describes didactic exchanges between 

therapist and patient (Goldman, 1988). Psychoeducation can be delivered as a stand-

alone intervention or in conjunction with a course of individual or group psychotherapy, 

and recent approaches have extended beyond the traditional informational model to 

include more active skill instruction and problem-solving (McFarlane, Dixon, Lukens, & 

Lucksted, 2003). As such, the existing psychoeducational framework provides an ideal 

structure for delivering information about the biology of a disorder to patients in the 

early stages of treatment. Through biologically-informed psychoeducation, a dynamic, 

systems-oriented biological “theory” of dysfunction could be integrated into treatment 

from the beginning and could play an integral role in identifying symptoms, setting 

improvement goals, and establishing a treatment rationale. 

An example of an approach that already integrates biological information is the 

psychoeducational sessions that are incorporated into CBT for children with obsessive-

compulsive disorder. Using kid-friendly metaphors, symptoms are described as “brain 

hiccups,” and the brain as a “worry computer” that sometimes sends the wrong signals 

at the wrong times (March & Mulle, 1998). For parents, a discussion of the treatment 



 

 35 

rational is accompanied by PET images showing a reduction in abnormal neural 

activation following a course of CBT. Other psychoeducational approaches may not 

reference biology directly but incorporate some of the illness attributions discussed here. 

For example, in interpersonal therapy for depression (IPT; Weissman & Markowitz, 

1994), patients are given a diagnosis and assigned a “sick role” early in treatment, which 

functions to reduce self-blame, externalize the disorder, and reinforce both its episodic 

nature and the likelihood that treatment will be beneficial. Consistent with the present 

model, patients in IPT also take responsibility to overcome the sick role throughout the 

course of treatment, in effect shifting themselves from a “retrospective” frame to a 

“prospective” one.  

The environment of trust fostered in an effective therapy relationship may be an 

ideal setting for exploring the meaning of auto-biological information for identity. In the 

same way that clinicians across approaches (Hayes, Strosahl, & Wilson, 2011; Linehan, 

1993) seek to find a balance between encouraging acceptance and promoting change, a 

clinician can help a patient find a balance between accepting auto-biological truths (e.g., 

depression runs in my family) and considering the potential for auto-biological change 

(e.g., therapy can change the brain). Metaphor is already considered a useful tool in 

psychotherapy (Martin, Cummings, & Hallberg, 1992), and effective biological 

metaphors could be employed early in treatment and tailored to individual patients to 

maximize their utility. In attributional terms, a skilled clinician armed with an effective 
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biological metaphor could employ both retrospective and prospective framing based on 

the current needs of a patient, with the goal of shifting the patient’s attributions away 

from guilt or self-blame and towards agency and motivation for change.  

Some therapists already integrate biological information into their practice and 

do so according to their own clinical experience and intuition rather than via a 

structured, systematized approach. This type of communication may have great value, 

though it should be approached with caution. Indeed, clinicians in a survey study 

reported less empathy towards fictional patients whose disorders were attributed to 

biology compared to psychosocial factors (Lebowitz & Ahn, 2014). This worrying 

replication of the stigma findings in a sample of clinicians suggests that biological 

essentialism may bias interactions even within the context of mental health treatment. 

Keeping this in mind, therapists should approach discussions of biology with the same 

empathy and compassion that they bring to other clinically sensitive issues, and 

carefully assess each patient’s auto-biological beliefs for signs of self-blame or guilt that 

could undermine treatment progress.  

The conclusion I hope the reader will draw from this introductory review is that 

biological information has the potential to powerfully impact an individual and thus 

should be communicated with careful consideration and forethought. Systematic 

research is needed to guide the information that clinicians and other providers give 

patients about the biology of depression, and the faster the science changes the more 
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urgent this need becomes. Different types of messages—retrospective or prospective—

serve different purposes and ultimately can be shaped to the needs of the patient. The 

idiosyncratic nature of mental illness beliefs does not preclude research on the topic nor 

discourage the development of a set of guidelines for psychoeducation and clinical 

communication more broadly.  

1.3.3 Techniques for reattribution 

Clinicians and communicators can draw from current examples (see Appendix 

A) to design and disseminate better biological messages. However, for many patients, 

simply providing a specific message may not be enough. As we have learned from self-

efficacy theory, information-only interventions are less effective than those that provide 

information along with demonstration or practical skill instruction (Bandura, 1977; 

Schindler et al., 2015). To achieve true attributional change, patients may need to learn 

through active experience that biological processes are unstable and controllable. How 

might we provide such a demonstration? Demonstrating neuroplasticity or changes in 

gene expression within the current mental health treatment or research context is 

technically infeasible, but other proxy measures can be used to help people link behavior 

and biology. Biofeedback, whether it be physiological via electrocardiogram (Lehrer et 

al., 2003) or neural via EEG (Sterman, 1996) or real-time fMRI (deCharms, 2008) offers a 

more direct way to show an individual how a thought or behavioral strategy can impact 

a biological system. Real-time fMRI, while still expensive and not widely available, has 
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the advantage of anatomical localization compared to other biofeedback approaches and 

has been successfully applied to reduce discomfort in chronic pain patients (deCharms 

et al., 2005) Another technique with a controversial but growing evidence base is 

neurocognitive training, which purports to enhance general intelligence or working 

memory through daily practice of a cognitive task (e.g., Jaeggi, Buschkuehl, Jonides, & 

Perrig, 2008; though see Melby-Lervag & Hulme, 2013 for a critical review of such 

studies). Self-directed “brain training” programs have grown in popularity, and 

customers pay to access cognitive tasks designed to train specific domains through 

repeated exposure. How any purported neural benefits are demonstrated to consumers, 

however, is unclear (above and beyond the observable improvement in behavioral 

performance). 

A promising technique that could be harnessed as a intervention tool for 

attributional change is the use of mobile devices and smartphones to deliver attribution-

relevant information in real-time (Boschen & Casey, 2008; Luxton, McCann, Bush, 

Mishkind, & Reger, 2011). One could imagine an application that integrates instruction 

and strategy use with some type of feedback from physiological data collected by a 

sensor. For example, an existing app called “Stress Check” uses the iPhone camera to 

detect heart rate—the developers of the application have marketed it as a tool to help 

people monitor and learn to control their reactions to everyday stressors (Dickinson, 

2011). A potential app that could be relevant for depression would be one that tracked 
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mood and provided feedback about the efficacy of cognitive regulation strategies using 

heart rate or some other proxy physiological marker that is linked to emotional distress.  

 A number of questions deserve to be considered when designing and testing 

such interventions. For example, what level of biological detail is most useful? Does 

demonstrating a direct link to the brain (e.g., real-time fMRI neurofeedback) confer more 

credibility than can be achieved with peripheral physiology alone (e.g., heart-rate 

biofeedback)? How should metaphor and demonstration be used together to 

communicate auto-biological information, and what are the qualities of such a 

metaphor? Considering the unintentional harm wrought by the “chemical imbalance” 

explanation, which concepts should a new biological metaphor emphasize and which 

should it avoid (e.g., dynamic rather than static, growth-oriented rather than disease-

oriented)? While preliminary answers to these questions can be gleaned from existing 

work on message framing and biofeedback interventions, they deserve to be explored in 

the context of theoretically-driven interventions that attempt to link the biology of 

depression to the subjective experience of individuals with the disorder. 

1.4 Chapter Summary 

This introductory chapter has identified a challenge that is as yet unmet by 

current mental health research. What emerges from a review of the neuroscience 

literature is a growing set of biological mechanisms that are dynamically involved in 

initiating and maintaining the symptoms of mental disorders such as depression. No 
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single biological cause, and no one level of analysis, can adequately define such 

inherently subjective, brain-based disorders (Kendler, 2005). The complexity of defining 

the biological nature of disorders like depression poses substantial difficulty for 

researchers and the general public alike. Perhaps unsurprisingly, reductionist 

explanations such as “depression is a chemical imbalance” have persisted despite their 

limited scientific value. From an individual patient’s perspective, however, such 

reductionist explanations can be harmful—increasing stigma against the mentally ill and 

leaving patients with little sense of agency or hope for improvement.  

Biological explanations should be not dismissed entirely—nor would such a 

dismissal be desirable or even possible, given the degree of dissemination of biological 

information that has already occurred. Rather, efforts should be made at the level of 

national agencies and organizations (i.e., NIMH, NAMI) to design and disseminate 

simple and yet accurate messages about the biological aspects of disorders such as 

depression, which could also counteract reductionist messages from the pharmaceutical 

industry. Simultaneously, clinicians and researchers should present auto-biological 

information to patients and participants in a way that empowers recovery and 

encourages optimism. Drawing on research from attribution theory, this chapter 

explored the potential for auto-biological information to shape how patients view 

themselves in relation to their disorders. In doing so, I built on previous work 

(Lebowitz, 2014) and proposed a theory-based framework for presenting biological 
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information in a way that encourages agency, rather than destiny. By focusing on the 

active future (prospective) rather than the causal past (retrospective), I suggest that a 

systems-based, dynamic understanding of the biology of mental illness can shift beliefs 

away from stability, entity, and immutability, and towards the unstable, incremental 

and changeable end of the attributional spectrum.  

The initial model and predictions presented here establish a starting point for 

interventions that aim to change beliefs about the biology of psychological disorders. 

Whether delivered as lab-based microinterventions (Strauman et al., 2012) or integrated 

into a broader psychoeducational approach with patients, auto-biological messages have 

the potential to powerfully shape the attitudes and behaviors of individuals struggling 

with mental illness. Such an individual is unlikely to seek or engage in treatment if he or 

she believes that the treatment is incapable of correcting underlying biology. Therefore, 

dissemination of evidence-based psychological treatments should be accompanied by a 

parallel effort to educate the public that experience—including psychotherapy—can 

change the brain. By portraying biological systems as responsive to experience rather 

than fixed, we can achieve scientific accuracy as well as convey optimism. A realistic 

understanding of the role biology plays in mood and behavior can be harnessed to 

correct dysfunctional attributions and improve mental health outcomes for the patients 

we serve.  
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So far, I have outlined an important challenge for the field of clinical psychology: 

the gap between what we know about the biology of mental illness and what we 

communicate to patients and the general public. As a field, we have a responsibility to 

disprove the unhelpful, reductionist assumptions that currently predominate, and 

replace them with a more complex, dynamic, and accurate picture of the biology of 

mental illness. Targeted research is necessary to determine the best ways of developing 

and disseminating such messages.  

In the remaining chapters, I will report two empirical studies designed to 

address this challenge. Chapter 2 explores the impact of auto-biological beliefs about 

vulnerability for affective disorders on attentional bias in a sample of healthy 

undergraduates. Specifically, this study tests whether an experimental message about 

the stability/instability of a neural biomarker for affective disorders, as well as auto-

biological beliefs about one’s own level of vulnerability, affect a key aspect of cognition 

that is implicated in the etiology of anxiety disorders. Chapter 3 examines auto-

biological beliefs about the efficacy of cognitive strategies for influencing brain activity 

in a sample of individuals previously treated for depression. Specifically, this study 

attempts to change beliefs about the controllability of an auto-biological system, with the 

goal of increasing self-efficacy and encouraging behavior change. Chapter 4 concludes 

this dissertation by discussing broader implications of the findings from the two studies 

and presenting targets and challenges for future research. 
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2. Chapter 2. Do beliefs about neural vulnerability affect 
attentional bias?  

2.1 Overview 

In the previous chapter, I reviewed theory and evidence suggesting that 

biological explanations for mental disorders can be harmful if they are overly 

reductionist and portray biological risk as fixed and inevitable. In contrast, biological 

explanations for psychopathology that more accurately portray the complex interplay of 

biological and psychological factors could encourage a perspective of biological risk as 

something that is malleable and amenable to intervention. In the current study, I set out 

to test this hypothesis, guided by the attributional framework proposed in the first 

chapter. A message portraying biological vulnerability as “fixed” (i.e., stable and 

uncontrollable) was compared to a message portraying the same vulnerability as 

“malleable (i.e., unstable and controllable), with a behavioral index relevant to 

psychopathology as the outcome variable.   

Study 1 of this dissertation frames a biological marker of vulnerability for 

affective disorders—threat-related amgydala reactivity—as fixed or malleable. Multiple 

studies from the Duke Neurogenetics Lab and others have shown that individual 

differences in how the amygdala responds to threat (typically measured in as reactivity 

to fearful and angry facial expressions) predicts vulnerability to affective disorders 

(Hariri, 2009; Swartz, Knodt, Radtke, & Hariri, 2015). Furthermore, participants with an 

allelic variant of the serotonin transporter gene show higher threat-related amygdala 
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reactivity, linking a functional process (emotional face processing) to the regulation of a 

neurotransmitter system (serotonin; Hariri, 2002). Thus, threat-related amygdala 

reactivity is a clear example of an endophenotype, or intermediate phenotype, between 

genes and disorder (Meyer-Lindenberg & Weinberger, 2006).  

Threat-related amgydala reactivity is appropriate for dissemination in biological 

messages because its role in affective processing is well understood, and has been 

replicated across labs and subject populations. Furthermore, its status as a “biomarker” 

of vulnerability (Swartz et al., 2015) makes it particularly interesting from an auto-

biological perspective. Unlike the fictional “Rapid Depression Test” employed by Kemp 

and colleagues (2014; described in Chapter 1), threat-related amygdala reactivity cannot 

be used to diagnose psychopathology or differentiate disordered from healthy neural 

functioning. Rather, it is a neural signature that confers non-deterministic risk for 

psychopathology and is measureable in the general population. Thus, by including 

threat-related amygdala reactivity in the current study we challenged participants to 

consider a more complex (and evidence-based) relationship between their own biology 

and risk for mental disorders. 

The participants recruited for Study 1 were Duke undergraduates who had 

previously participated in the Duke Neurogenetics Study (DNS), an ongoing 

longitudinal project in the Duke Neurogenetics lab. Included in the DNS battery is the 

emotional face processing task (EFP; described below), which is a reliable fMRI measure 
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of threat-related amygdala reactivity. Thus, participants recruited from the DNS had 

relevant data from, as well as experience with, a task that measures threat-related 

amygdala reactivity. Previous experience with the EFP task was also exploited to obtain 

an exploratory measure of auto-biological beliefs: we asked participants to rate the level 

of their own amygdala reactivity on this task in comparison to the rest of the DNS 

sample. Self-rated amygdala reactivity could then be compared to actual threat-related 

amygdala reactivity values for each individual. A considerable advantage afforded by 

the DNS sample was the availability of previously-collected EFP data that could then be 

directly compared to each individual’s perception of their own biology.  

The behavioral outcome of interest in Study 1 was attentional bias to emotional 

stimuli. Negative attentional bias, like threat-related amygdala reactivity, is also 

considered a vulnerability factor for affective disorders (Mathews & MacLeod, 2004). In 

the current study, attentional bias was measured in two runs of a modified visual dot-

probe paradigm. Participants were randomly assigned to receive one of the two 

experimental messages—fixed vs. malleable—between the two dot-probe runs. They 

were also given the opportunity to rate their own amygdala reactivity. This design 

allowed us to compare change in attentional bias across the runs for the fixed vs. 

malleable groups, as well as explore the role of individual differences in biology and 

auto-biological beliefs. 
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2.1.1 Auto-biological Measure: Threat-related Amygdala Activity 

A standard approach for measuring threat-related amygdala reactivity is the 

emotional face processing (EFP) task, described in detail by Ahs and colleagues (2013). 

In the EFP task, participants view a trio of faces depicting either neutral, angry, fearful, 

or surprised facial expressions, and must select which of the two bottom faces matches 

the top face. These trials are compared to control trials in which participants view a trio 

of simple geometric shapes and select which of the two bottom shapes match the top 

shape. Shape and face trials are presented in blocks of 6 trials each, with each trio 

remaining on the screen for 4 seconds. Contrasting the activation during face trials 

compared to shape trials reveals robust amygdala reactivity bilaterally to all categories 

of emotional facial expressions (Ahs et al., 2013). 

As stated, the EFP task is part of the battery of neuroimaging tasks included in 

the DNS, so all of our participants had previously completed the EFP task in the scanner. 

In Study 1, participants learned about threat-related amygdala activity and its role as an 

endophenotype for anxiety and depression in an instructional video. They were also told 

that threat-related amygdala activity is linked to negative attentional bias, as measured 

on the emotional dot-probe task. Thus, the video provided a conceptual link for 

participants between their performance on the EFP task the DNS and the dot-probe task 

completed in the current study.  
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As stated, threat-related amygdala activity served as an auto-biological measure 

in two ways: First, previously-collected functional neuroimaging data was available for 

all participants from the DNS study, and so each participant’s actual threat-related 

amygdala activity (as measured by contrast of angry + fearful faces > shapes) could be 

related to their behavioral performance on the dot-probe task. Second, each participant 

was asked to rate their own threat-related amygdala reactivity, by selecting their 

position along a bell-curve distribution of actual reactivity data from previous DNS 

participants. Thus, we could compare actual vs. self-rated amygdala reactivity in the 

current sample, as an index of the extent to which individuals possess an accurate 

understanding of their own biological proclivities.  

2.1.2 Behavioral Measure: Emotional Dot-Probe Task 

The behavioral task chosen for Study 1 was an emotional dot-probe task 

(MacLeod, Mathews, & Tata, 1986). This task is a frequently used measure of selective 

attention to negative stimuli (see Mathews & MacLeod, 2004 for a review). Patients with 

generalized anxiety disorder (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & 

van IJzendoorn, 2007; Bradley, Mogg, White, Groom, & Bono, 1999), social anxiety 

(Amir, Elias, Klumpp, & Przeworski, 2003; Mogg, Philippot, & Bradley, 2004; Taylor, 

Bomyea, & Amir, 2010), and depression (Joormann & Gotlib, 2007; Mogg, Bradley, & 

Williams, 1995) display attentional bias towards negative emotional stimuli on this task. 

Negative emotional bias is also associated with physiological reactivity to laboratory 
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stressors in individuals without a psychiatric diagnosis (Fox, Cahill, & Zougkou, 2010). 

For the purposes of Study 1, the dot-probe task was included as a behavioral analogue 

for the EFP scanner task, as it uses the same stimuli (emotional facial expressions) and 

invokes activity in highly similar brain regions (Frewen, Dozois, & Joanisse, 2008). 

Theoretical accounts and neuroimaging studies of attentional bias suggest that an overly 

threat-reactive amygdala contributes to biased processing of emotional stimuli on the 

dot-probe task (see Cisler & Koster, 2010 for a review). And similar to the construct of 

threat-related amygdala activity, negative attentional bias has been conceptualized as a 

trait-like measure of emotional vulnerability (Mathews & MacLeod, 2004).  

The dot-probe task was also particularly fitting for the present study as it has 

previously been used as an interventional tool (MacLeod & Mathews, 2012). Research 

efforts seeking to alter attentional bias have used a modified version of the dot-probe to 

shift people’s bias in the positive direction. Such shifts have been shown to occur over 

single (MacLeod, Rutherford, Campbell, Ebsworthy, & Holker, 2002) or multiple 

sessions (Amir, Beard, Burns, & Bomyea, 2009; Dandeneau, Baldwin, Baccus, 

Sakellaropoulo, & Pruessner, 2007), and have resulted in observable changes in stress 

response to subsequent laboratory and real-world challenges. Thus, the dot-probe task is 

particularly interesting in the context of this dissertation, as it both predicts future 

psychopathology in a trait-like manner and appears to be malleable, causing subsequent 

changes in behavior (and potentially in psychopathology as well). Importantly, 
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however, Study 1 was not designed to test the strength of the dot-probe task as an 

intervention (which has been debated; Schmukle, 2005), but rather to test whether 

manipulating beliefs about biology can be associated with changes in attentional bias.  

Our primary study hypothesis was that participants who learn that attentional 

bias is trait-like or “fixed” and confers vulnerability for affective disorders would show 

an increase in negative attentional bias. In contrast, we predicted that those who learn 

that attentional bias is state-like or “malleable” and can be changed through practice 

would show a decrease in negative attentional bias. Furthermore, we anticipated that 

threat-related amygdala reactivity (and perhaps self-rated amygdala reactivity) would 

correlate with negative attentional bias at baseline. The analyses examining the 

association between actual and self-rated amygdala reactivity were purely exploratory, 

as to our knowledge, self-rated amygdala reactivity is a novel auto-biological construct.   

2.2 Method 

2.2.1 Participants 

Participants were Duke University undergraduates who had previously 

participated in the Duke Neurogenetics Study (DNS). The DNS is an ongoing, 

longitudinal study that assesses a range of behavioral and biological traits in a sample of 

healthy undergraduate volunteers. As part of the DNS, participants complete a battery 

of symptom and personality questionnaires, undergo a clinical interview and functional 
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MRI scan session, and provide saliva samples for genetic analysis. Participants are then 

followed longitudinally via online surveys. 

Participants were recruited for Study 1 in one of two ways: by email, for those 

who were previously enrolled in the DNS and invited to return, or directly, through 

announcements given to new enrollees in the DNS. Participants enrolled in the DNS 

since August 2014 were considered for recruitment (we did not recruit participants prior 

to this date as many were no longer on campus), and only those who met quality control 

criteria for functional MRI scanning were invited to return. Participants were 

compensated for their time. All recruitment materials and study procedures were pre-

approved by the Duke Medicine Institutional Review Board, and participants provided 

informed consent in accordance with Duke Medicine policies.  

2.2.2 Procedures  

2.2.2.1 Visual dot-probe task.  

Participants completed two identical runs of the dot-probe task, before and after 

viewing the video message. The dot-probe task was a modified version of the task 

developed by MacLeod et al. (1986). The face picture stimuli were adapted from the 

NimStim set (available at http://www.macbrain.org/resources.htm). 40 unique faces 

(21M, 19F), and four expressions for each (happy, neutral, fear, anger), all with closed 

mouths, were included in the stimuli set. Each image was cropped to include only the 

face and presented in black and white. The faces were presented to participants in pairs 
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(one above center and one below the center of the screen); pairs consisted of the same 

actor showing two different facial expressions. A neutral expression was always paired 

with an emotional expression (happy, angry, or fearful). The happy/neutral pairs were 

each presented twice, and the angry/neutral and fearful/neutral pairs were presented 

once each. Thus, 80 trials presented pictures of a happy facial expression (positive) and 

80 trials presented pictures of angry or fearful faces (negative) for a total of 160 trials. 

The task was presented on Dell Precision M4400 laptop computers running Windows 7, 

using MATLAB (Version 2015a 32-bit) Psychtoolbox. Each face stimulus measured 4 cm 

by 3 cm on screen. The face pairs were centered vertically on the screen with 8 cm 

between their centers (4° visual angle at viewing distance of 55 cm).  

Each trial began with a 500 ms fixation cross, followed by the face pair for 500 

ms. The faces were followed immediately by a set of two dots, oriented either 

horizontally (⋅⋅) or vertically (:). The dot probe appeared in the location previously 

occupied by either the top or bottom face, and remained on the screen until the 

participant responded. Participants were instructed to respond to the probe as quickly 

as possible and identify the orientation of the dots using a key press. The response keys 

were counterbalanced across participants: half were told to respond with the “F” key 

(left index finger) to horizontal dots and the “J” key (right index finger) to vertical dots, 

and half were instructed with the opposite response pattern. The inter-trial interval 

varied between 500-1250 ms, for an average run time of 6 minutes, 41 seconds. 
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Prior to the first dot-probe run, participants completed a short practice run which 

consisted of unique face pairs (2 actors: 1 M, 1 F) presented 4 times each for a total of 16 

practice trials. On the practice, participants received feedback after incorrect responses, 

and were presented with their total accuracy at the end of the run. The practice run was 

repeated until at least 93.75% accuracy (15/16 correct) was achieved. 34 of 56 participants 

achieved acceptable accuracy after one practice run; the remaining repeated the practice 

until the accuracy target was reached. 

We made several design choices in adapting the dot-probe task for Study 1. This 

basic paradigm has been modified many times for use with word stimuli (MacLeod et 

al., 2002), emotional pictures (Koster, Crombez, & Verschuere, 2004), faces (Cooper & 

Langton, 2006; Joormann & Gotlib, 2007), supraliminal and subliminal presentation (Fox 

et al., 2010), and clinical populations (Amir et al., 2009). A recent meta-analytic review 

describes the relative effect sizes associated with these different design decisions in 

studies of attentional bias in anxiety (Bar-Haim et al., 2007). In the current version, faces 

were chosen as the emotional stimuli to mimic the stimuli shown in the EFP task; the 

faces were cropped and presented in grayscale against a black background for the same 

reason. Based on previous work (Dandeneau et al., 2007), it was determined that a 

vertical presentation of the face pairs was preferable to a horizontal presentation to 

avoid any RT difference due to hemispheric processing bias. The choice to pair an 

emotional stimulus with a neutral stimulus is standard practice for assessing attentional 
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bias (MacLeod et al., 1986), as one can compare RTs to probes appearing in the two 

locations. Similarly, the choice of 500 ms presentation time is standard practice for 

studies of supraliminal processing (Fox et al., 2010). Attempts to understand the 

mechanism of attentional bias have expressly manipulated presentation time in an 

attempt to capture differences in early (more automatic) vs. late (more effortful) 

processing of emotional stimuli (Cisler & Koster, 2010). Such a manipulation will likely 

be of interest in future iterations, however for the sake of simplicity in this first attempt 

we chose 500 ms for consistency with the majority of studies.  

Some versions of the dot-probe task exclude the dot discrimination component 

(identifying the vertical or horizontal orientation of the dots), and just ask subjects to 

indicate the location of a single dot (e.g., Mogg & Bradley, 1999). The dot discrimination 

was included here to make the task more attentionally demanding, and to eliminate the 

possibility that subjects could use a strategy of attending to only half of the screen and 

responding to the presence or absence of a dot in that location, rather than scanning the 

entire search space on each trial. Including the dot discrimination component meant that 

subjects needed to find the dots and identify their orientation on each trial in order to 

make a response.  

Finally, we decided to include both negative (i.e. threatening) and positive 

emotional expressions because while negative attentional bias has been demonstrated 

conclusively for anxiety (Bar-Haim et al., 2007), the absence of positive attentional bias 
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has been found in participants who are at risk for, currently or formerly depressed 

(Joormann & Gotlib, 2007). In addition, socially anxious participants also tend to show 

avoidance of positive stimuli when compared to non-anxious controls. (Taylor et al., 

2010). Thus, we included both positive and negative stimuli in an attempt to capture 

attentional biases that could be relevant to a range of clinical or subthreshold affective 

symptoms.  

2.2.2.2 Video message 

 Between runs of the dot-probe task, participants viewed a short video which 

provided the experimental manipulation. A full transcript of the video script is included 

in Appendix B. The video began with a description of the dot-probe task and an 

explanation of its link to the DNS emotional face processing task. The video then 

instructed participants to rate their own amygdala reactivity and paused to allow for a 

response. Participants indicated, using a slider, where they fell on the amygdala 

reactivity distribution depicted in Figure 2. The final segment of the video differed 

between groups, delivering the main experimental message that negative attention bias 

(and, by extension, threat-related amygdala reactivity) is either a fixed, trait-like 

measure of vulnerability, or is malleable and can be changed through practice.  
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Figure 2: Illustration of the rating scale used by participants to rate their own 
threat-related amygdala reactivity 

 

FIXED MESSAGE: (97 words) “We know from previous research 
with this task that attention to negative emotions is an inborn biological 
response. Individuals who pay more attention to negative emotions on 
this task tend to have a more reactive amygdala, which in turn makes 
them more sensitive and reactive to negative emotions in their daily life. 
This line of research suggests that attention to negative emotions 
represents a biological response that is genetically determined and stable 
across the lifetime. We also know that individuals who attend more to 
negative emotions on this task are more susceptible to stress and 
emotional disorders.”  

 
MALLEABLE MESSAGE (97 words): “We know from previous 

research with this task that people can train themselves to be less 
responsive to negative emotions by shifting their attention on this task. 
This type of attention training can result in reduced anxiety in both 
experimental and real-world situations and can reduce the amygdala 
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response to negative emotions. This line of research suggests that 
although attention to negative emotions on this task represents a 
biological response with a genetic component, this response is not 
necessarily stable. Rather, it can be changed through practice, thus 
making individuals less susceptible to stress and emotional disorders.” 
 

2.2.2.3 Manipulation checks 

Following the video, participants answered four “quiz” questions to assess their 

memory for the content of the video (e.g., What is the amygdala?) and the experimental 

manipulation. The final quiz question asked if attention to negative emotions on the task 

represents A) a biological response that is stable across one’s lifetime (fixed message) or 

B) a biological response that can be changed through practice (malleable message), or 

two foils (C or D). This final question served as a manipulation check to assure that 

participants in the fixed and malleable groups responded according to the video 

message each had received. Participants who did not answer this question correctly (n = 

6) were excluded from further group analyses. Interestingly, 5 of the 6 who failed the 

manipulation check had received the “fixed” message, suggesting that this message may 

have been less credible and/or contradicted prior knowledge.  

At the conclusion of the second run of the dot-probe task, participants were 

asked if they had ever taken a class with Dr. Hariri as a proxy measure of possible 

existing knowledge of amygdala reactivity (5 said they had). Participants were also 

asked what they thought the experiment was about, and whether they learned anything. 

43% mentioned reaction time in their responses, 37% mentioned accuracy, and 27% 



 

 57 

mentioned attention. A majority of the participants (75%) mentioned emotions (either 

positive or negative) in their responses, 18% mentioned psychopathology (i.e. anxiety, 

depression) and 32% mentioned the role of the amygdala. Only 6 participants accurately 

guessed the true purpose of the experiment—to test whether the knowledge gained in  

the video affected performance on the task. One participant suggested that beliefs about 

one’s own amygdala reactivity might influence task performance. Neither prior class 

experience or guessing the true purpose of the experiment had any measurable effect on 

task performance. At the conclusion of the study, 7 participants asked whether they 

would be able to find out their own level of amygdala reactivity, suggesting that the 

experience made them curious about their own auto-biology. 

Following these final questions, the participants were debriefed and 

compensated for their time. The debriefing parsed which information in the video was 

based on published work (e.g., previous findings from the Hariri lab and others) and 

which has not yet been proven (e.g., it is an open question whether attentional bias 

modification training would affect threat-related amygdala activation in the EFP task). 

Participants were also given a list of suggested readings for learning more about 

attentional bias modification and the dot-probe task. 

2.2.3 Outlier detection 

Data analysis steps were adopted from a set of recommendations put forth by 

Price and colleagues (2015) for analyzing dot-probe data. Those authors found that the 
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greatest reliability in bias score across testing sessions was achieved by rescaling, or 

winsorizing, outlying RT values. Following their recommended procedure, values 

outside 1.5 interquartile ranges from the 27th or 75th percentiles of all RT values for each 

run were replaced with the furthest value at either end of that range. Thus, extreme RT 

values are able to be maintained as data points but are rescaled so that they no longer 

fall outside of the defined range. This approached yielded rescaled values for 4.2% of the 

data in run 1, and 4.4% of the data in run 2. One participant was excluded from further 

analyses for falling > 3 standard deviations from the mean in the number of RT values 

that required rescaling (27.5% and 48% for run 1 and 2, respectively). Subsequent RT 

analyses were conducted on trials with correct responses only. Two participants were 

excluded from further analyses for falling outside 3 standard deviations from the mean 

number of correct trials (following Cooper & Langton, 2006). 

A total of 64 participants were recruited to participate. As stated, 2 were 

excluded due to low accuracy and 1 was excluded due to a large proportion of outlying 

RTs; 1 additional participant was excluded due to a technical error that interfered with 

data collection in run 2. Thus, 60 participants were included in analyses of individual 

differences and task performance. The age range of the 60 included participants (40 F) 

was 18-23 (mean = 20.5). A total of 53% identified as White/Caucasian, 28% Asian, and 

17% Black/African-American, and 8% identified as Hispanic. In analyses of group 

differences, 6 additional participants were excluded due to failing the manipulation 
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check “quiz” question that followed the experimental video (see explanation above). 

Thus, 54 participants were included in the group-level analyses. 

2.2.4 Calculating attentional bias 

Attentional bias was calculated by subtracting reaction times for congruent trials 

(dot in same location as emotional face) from non-congruent trials (dot in opposite 

location). A positive difference value indicates that a participant was slower to respond 

on non-congruent trials, suggesting that their attention was captured by the emotional 

face (considered a manifestation of vigilance towards emotional stimuli). A negative 

difference value indicates that a participant was faster on congruent trials, suggesting 

that their attention was directed away from the emotional face (considered avoidance of 

emotional stimuli; Koster et al., 2004). It is important to note, however, that in the 

current design we were not able to dissociate avoidance of emotional stimuli from 

potential vigilance towards neutral faces. 

In calculating attentional bias scores, rescaled (winsorized) RT values were used 

from correct trials only. Following the recommendation of Price and colleagues (2005) 

these analyses were conducted on the subset of trials presented at the bottom of the 

screen. This decision was made based on a pattern of significantly slower RTs for dots 

appearing at the bottom, as opposed to the top location (p < .001). This is a common 

finding in dot-probe protocols using the top/bottom arrangement (e.g., MacLeod et al., 
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1986), and is best eliminated if not of theoretical interest (Price et al., 2005). Thus, only 

bottom-location trials were used in subsequent analyses.  

2.2.5 Threat-related amygdala reactivity  

The fMRI data were prepared in SPM8 by Annchen Knodt in the Hariri Lab, 

according to the standard procedure used in the DNS study (for more details see Swartz 

et al., 2015). The main contrast used was angry + fearful faces> shapes, to isolate 

differential amygdala activity related to threatening facial expressions. Functional 

clusters for each condition were identified across all participants (current n = 1144) 

within structurally-defined amygdala ROIs, and parameter estimates for the left and 

right amygdala clusters were extracted separately. Given that the values for left and 

right amygdala reactivity for the contrast of interest were highly correlated in the 

current sample (r = .85, p < .001), and that we had no a priori predictions regarding 

laterality effects, we averaged across the hemispheres to obtain a single parameter 

estimate of bilateral threat-related amygdala reactivity (hereafter TRA) for each 

participant.  

2.2.6 Self-rated amygdala reactivity 

Self-rated amygdala reactivity (hereafter SRA) values were obtained between the 

two runs of the dot-probe task. Participants were shown a histogram of actual threat-

related amygdala reactivity from previous DNS participants (Figure 2), and asked to rate 
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themselves in reference to this “amygdala bell curve” using a sliding scale from 0-100, 

with 50 representing average amygdala reactivity.  

2.2.7 Self report measures 

Data from 9 questionnaire measures were included in the analyses. 4 of these 

measured symptoms of affective distress: The Center for Epidemiologic Studies 

Depression Scale-Revised (CESD-R; Eaton, Smith, Ybarra, Muntaner, & Tien, 2004) is 

widely used 20-item screening instrument for depression which measures the 

occurrence of depressive symptoms in the previous week. The State-Trait Anxiety 

Inventory (Spielberger, 1983) is a widely used measure of anxiety symptoms, and 

consists of two subscales, each with 20 items measuring state (STAI-S) or trait (STAI-T) 

anxiety. The Mood and Anxiety Symptom Questionnaire (Watson et al., 1995) is a 77-

item measure assessing depressive, anxious, and mixed symptomatology. Aside from 

overall anxiety (MASQ Anx) and depression scores (MASQ Dep), the MASQ yields 

separate subscale scores for anxious arousal (MASQ Aa) and anhedonic depression 

(MASQ Ad). Finally, we included scores on the Neuroticism domain from Revised NEO 

Personality Inventory (NEO-N; Lord, 2007), a 243-item measure of five major domains of 

personality. Scores on the neuroticism domain reflect the degree to which an individual 

is prone to psychological distress. 

We also included 5 scales that assess exposure to and perceptions of stress. The 

Perceived Stress Scale (PSS; Cohen, Kamarck, & Mermelstein, 1983) is a 10-item measure 
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of the degree to which participants perceived their lives as stressful (i.e. unpredictable, 

uncontrollable) in the past month. The Life Events Scale for Students (Clements & 

Turpin, 1996) is a checklist measure of 46 stressful events that are relevant for 

undergraduate populations (including things like parental divorce or failing a course). 

Each endorsed event is rated for its impact on a 1 - 4 scale ranging from minor to severe. 

In the current study, we present the sum of impact ratings for each participant 

(following Swartz et al., 2015), which provides an index of both the amount of stress 

exposure and its perceived impact. The Centrality of Events Scale (CES; Berntsen & 

Rubin, 2006) is a 7-item scale measuring the extent to which an individual considers a 

traumatic event as central to her or his life and identify. Finally, the Stress Mindset 

Measure (SMM; Crum, Salovey, & Achor, 2013) is an 8-item measure assessing the 

degree to which participants believe stress is helpful or harmful for their performance 

and wellbeing.  

For new enrollees in the DNS study (n = 14), questionnaires were collected on a 

different day from their completion of the dot-probe task, but within one week. For DNS 

follow-up participants (n = 50), updated scores for the PSS, CESD-R, and STAI-S were 

obtained on the day of the dot-probe task (prior to the first run). Scores for the other 

measures were obtained during their initial DNS study visits. There were no differences 

on any of the measures comparing new enrollees and follow-up participants (all ps > .17) 
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2.3 Results and Discussion 

2.3.1 Attentional bias by group 

A repeated measures ANOVA was conducted on bias scores with run (2) as 

within-subject factors and group (2; fixed vs. malleable) as the between-subjects factor. 

Negative and positive bias were entered as outcome variables in two separate univariate 

repeated measures ANOVAs. For negative bias, there was a main effect of run, F(1,52) = 

6.87, p < .05, but no significant run x group interaction, F(1,52) = 1.45, p = .23. For positive 

bias, there was no main effect of run, F(1,52) = .077, p = .78, or significant run x group 

interaction, F(1,52) = 2.24, p = .14.  

2.3.2. Attentional bias and affective symptoms 

To further examine individual differences in bias on this task, baseline bias 

scores for all participants with valid RT data were correlated with the questionnaire 

scores, collapsing across groups (n = 60). Negative bias scores at baseline were 

negatively correlated with the MASQ anxiety subscale, r = -.31, p < .05, and anxious 

arousal subscale, r = - 0.28, p < .05. Positive bias scores at baseline were positively 

correlated with the MASQ anxiety subscale, r = .30, p < .05 and were correlated at trend 

level with anxiety STAI-T, r = .25, p < .1 and the MASQ depression subscale, r = .24, p < 

.1. The opposite direction of the correlation with anxiety for negative and positive bias 

scores suggests the two are dissociable; indeed, there is virtually no correlation between 

the two bias scores at baseline, r = -.03, p > .8.  
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Bias change scores were calculated by subtracting bias at run 1 from run 2 for 

each valence separately. Change in negative bias was positively correlated with MASQ 

anxiety subscale, r = .26, p < .05, NEO neuroticism, r = .26, p < .05, and STAI-T at trend 

level, r = .24, p < .1. Interestingly, change in negative bias scores was also negatively 

correlated with Stress Mindset scores, r = -.29, p < .05, suggesting that those who think 

stress is harmful, along with those who are characterized by anxiety and dispositional 

negative affect, showed increased negative bias from run 1 to run 2. Change in positive 

bias was correlated with the MASQ depression subscale at trend level, r = -.25, p < .1, 

suggesting that those who report more depressive symptoms showed more avoidance of 

positive emotional stimuli from run 1 to run 2.  

2.3.3 Auto-biological measures 

The subsequent analyses exploring the relevance of auto-biological beliefs and 

their associations with biological variables were exploratory. For the purpose of these 

analyses, we first considered all subjects regardless of group membership who had valid 

RT data. The two auto-biological measures were then screened for outliers, as defined by 

scoring more than 3 standard deviations from the mean in either direction. One 

participant was identified as an outlier on the SRA measure and 2 were outliers on the 

TRA measure (see boxplots in Figure 3). With these outliers excluded, the adjusted 

sample size was 57. 
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Figure 3: Boxplots depicting distributions of self-rated amygdala reactivity 
(left panel) and threat-related amygdala reactivity (right panel). Statistical outliers 

(defined as falling > 3 standard deviations from the mean) are marked with X. 

2.3.3.1 Self-rated amygdala reactivity  

SRA correlated significantly with 7 of the 9 symptom measures. Visual 

examination of the scatter plots (provided in Figure 4) shows that the nature of the 

association between SRA and scores on these measures appears to be curvilinear. To 

examine this possibility, SRA was recoded as a “displacement” score by calculating the 

absolute value of the distance from the midpoint of the scale (50). Correlations with this 

re-coded SRA displacement score are stronger than the SRA correlations for all measures 

but the Centrality of Event Scale (shown together for comparison in Table 1). These 

correlations suggest that individuals who rated their own amygdala reactivity as 

deviant from average, in either direction, were more likely to report higher neuroticism, 

stress, depression, and anxiety. Thus, auto-biological beliefs of “difference from 

average” may be a reliable predictor of distress more broadly.  
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Table 1: Pearson correlation coefficients for SRA and SRA displacement  

Measure SRA SRA disp. 
PSS .31 * .50 ** 
CESD-R .32 * .49 ** 
STAI-S .26 .61 ** 
STAI-T .25 .32 * 
MASQ-Depression .21 .27 * 
MASQ-Anxiety  .27 * .35 ** 
NEO-N .37 ** .38** 
Centrality of Events .28* .16 

 
Task Outcome SRA SRA disp. 
Neg. bias run 1 -.37 **  .01 
Change in neg. bias  .34* -.11 
*  significant at p < .05, ** significant at p < .01 

 

Self-rated amygdala reactivity was also associated significantly with attentional 

bias. Negative attentional bias was negatively correlated with self-rated amygdala 

reactivity at baseline, r = -.37, p < .01, suggesting the opposite pattern of what might be 

predicted: participants who rated themselves as having a more reactive amygdala 

showed a pattern of avoidance of, rather than vigilance toward, negative faces on the 

dot-probe task. Importantly, this association appears to be strictly linear (the correlation 

with SRA displacement was non-significant; r = .01, p > .9), and persisted in the presence 

of the SRA outlier, r = -.27, p < .05. Self-rated amygdala reactivity also was positively 

correlated with change in negative bias, r = .34, p < .01, suggesting that those participants 

who rated themselves as having higher amygdala reactivity showed an increase in 

negative bias from run 1 to run 2. This effect also appeared to be exclusively linear (not 
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correlated with SRA displacement; r = -.11 p > .4), and persisted in the presence of the 

SRA outlier, r = .30, p < .05.  

 

Figure 4: Scatterplots depicting the curvilinear relationship between SRA and 
affective symptoms. A polynomial trendline has been fit to the data in each case. 

2.3.3.2. Threat-related amygdala reactivity (TRA) 

Correlations with symptom measures were explored for bilateral TRA. As can be 

seen in Table 2, bilateral TRA correlated with only two questionnaire measures, STAI-

State, r = .24, p < .1 and Centrality of Events, r = -.26, p < .1 at trend level. TRA also 

correlated with two measures of task performance: change in positive bias from run 2 to 

run 1, r = .27, p < .05, and accuracy across runs, r = .28, p < .05. This finding suggests that 
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participants with higher TRA showed higher vigilance towards positive stimuli in run 2 

compared to run 1, and performed at a higher level of accuracy.  

Table 2: Pearson correlation coefficients for TRA 

Measure TRA 
STAI-S .24 
Centrality of Events -.26 

 
Task Outcome TRA 
Change in positive bias .27 * 
Accuracy (both runs) .28 * 
*  significant at p < .05  

 

2.3.3.3 Association between auto-biological measures 

Importantly, the association between SRA and TRA was not statistically 

significant, r = -.18, p > .1, suggesting that participants were not particularly accurate in 

rating their own amygdala reactivity relative to the larger DNS sample. To examine the 

potential significance of a discrepancy between self-rated and actual reactivity, SRA and 

TRA scores were transformed into Z scores and a difference score was calculated (SRA-

TRA). A positive discrepancy score (hereafter ZDif) indicated that participants 

overestimated their amygdala reactivity, whereas a negative discrepancy score indicated 

underestimation. When examined in relation to the other questionnaire measures, ZDif 

was positively correlated with NEO-neuroticism, r = .28, p < .05, suggesting that 

individuals who overestimated their amygdala reactivity tended to be characterized by 

dispositional negative affect and reactivity to stress. ZDif was also positively correlated 
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with the Centrality of Events Scale, r = .35, p < .01. The magnitude and direction of this 

association makes sense, given that CES correlated positively with SRA and negatively 

with TRA, and ZDif is calculated as SRA-TRA. The possible conceptual significance of 

this correlation will be discussed in a subsequent section.  

2.3.3.4 Auto-biological measures and task performance 

The correlational analyses revealed a different pattern of association for the two 

auto-biological measures: SRA was related to negative bias at baseline and change in 

negative bias, whereas TRA was related to change in positive bias. To determine 

whether these relationships were reliably dissociable, both SRA and TRA were entered 

as covariates in two separate repeated measures ANOVAs predicting positive bias or 

negative bias, with run as a within-subject variable. 

For negative bias, a main effect of run was observed, F(1,54) = 4.32, p < .05, which 

was qualified by a significant run x SRA interaction, F(1,54) = 7.31, p < .01. The run x 

TRA interaction was not significant, F(1,54) = .40, p > .5. In contrast, for positive bias, 

neither the main effect of run, F(1,54) = .69, p = .41, nor run x SRA interaction, F(1,54) = 

.89, p = .35, was significant, but the run x TRA interaction was obtained, F(1,54) = 4.84 p 

<.051. When both models were re-run to allow for possible interaction between the 

amygdala measures, the 3-way interaction term (run x SRA x TRA) was not significant 

                                                        

1 For negative bias, the run x SRA interaction persisted in the presence of outliers, F(1,57) = 5.68, p < .05; 
however, for positive bias the run x TRA interaction was no longer significant, F(1,57) = 2.26, p > .1. 
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for either bias measure: negative bias, F(1,53) = .22 , p > .6; or positive bias, F(1,53) = .02, p 

> .8. Thus, SRA appears to be selectively associated with change in negative bias across 

runs, whereas TRA is selectively associated with change in positive bias.  

2.3.4 Exploring mechanisms of change across runs.  

The results described so far suggest that the different video messages (or 

corresponding beliefs about TRA as fixed or malleable) did not produce reliable 

differences between the groups. Importantly, however, all participants received a 

psychoeducational message about threat-related amygdala reactivity (see video 

transcript in Appendix B) and were asked to rate their own amygdala reactivity between 

run 1 and run 2 of the task. These task components can be considered an experimental 

manipulation in-and-of-themselves, albeit one for which, unfortunately, we do not have 

a strict control condition. The exploratory analyses that follow examine individual 

differences in the patterns of change across time that could give insight into how 

participants processed the information given to them between runs. Of primary interest 

is the dissociable pattern of prediction that was found for the two auto-biological 

measures: namely, that TRA was associated with change in positive bias, whereas SRA 

was associated with change in negative bias.  

2.3.4.1 Positive attentional bias 

To further explore the run x TRA interaction predicting positive bias, we divided 

participants into two equal-sized groups based on whether their TRA fell below or 
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above the median value. High vs. Low TRA participants did not differ in positive bias at 

run 1, F(1,56) = .93, p > .3, but did differ at run 2, F(1,56) = 6.59, p < .05. They also differed 

in change in positive bias across runs, Figure 5; F(1,56) = 5.35, p < .05. Low TRA 

participants were characterized by a significant decrease in positive bias across runs, < 0; 

t(1,28) = -2.09, p < .05, whereas High TRA participants appeared to show an increase in 

positive bias across runs (though this difference is not statistically greater than 0; t(1,28) 

= 1.07, p > .2).  

The next question was whether any of the affective symptom measures differ 

across Low vs. High TRA groups, potentially lending further explanation to the change 

in bias observed. The only scores to differ across the groups was SMM, F(1,56) = 6.074, p 

< .05. High TRA participants tended to perceive stress as more helpful compared to Low 

TRA participants. Given that the low TRA group also showed a significant decrease in 

positive in bias across runs, this pattern is similar to the negative correlation between 

SMM and change in negative bias, r = -.29, p < .05, suggesting that those who thought 

stress is helpful also showed larger decreases in negative bias across runs. 
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Figure 5: Change in positive bias across TRA median groups 

2.3.4.2 Negative attentional bias 

To explore the run x SRA interaction for negative bias, participants were 

similarly split into median groups based on their SRA rating. Surprisingly, the median-

split groups did not differ on any of the negative bias measures (all ps > .1). To examine 

whether the interaction operated only at the outer ranges of SRA, the groups were split 

once more into quartiles (quartile ranges are shown in Figure 6). The SRA quartile 

groups did differ significantly from one another in negative bias at run 1, F(3,55) = 5.1, p 

< .01, run 2, F(3,55) = 2.9, p <. 05, and in change over time, F(3,55) = 7.08, p < .001. 

However, the pattern across SRA quartiles was not strictly linear. Taking a closer look at 

the magnitude of negative bias change depicted in Figure 6A, Groups 1 and 3 differed 

from Groups 2 and 4, but there were not significant differences within each pair.  
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Figure 6: Affective symptoms and task performance across SRA quartile 
groups. 

We then looked for differences in symptom measures across groups for a hint as 

to whether anything else distinguishes the quartile groups from one another besides 

SRA. Significant differences were found on almost all of the symptom questionnaires: 

PSS, F(3,55) = 4.42, p < .01, CESD-R, F(3,55) = 5.16, p < .01, STAI-S, F(3,55) = 5.15, p < .01, 

STAI-T, trending; F(3,55) = 2.55, p < .1, MASQDep, F(3,55) = 3, p < .05, MASQAnx, F(3,55) 

= 2.97, p < .05, and MASQAa, F(3,55) = 3.1 , p < .05, and NEO-N, F(3,55) = 5.6, p < .01. The 

overarching pattern of symptom scores across quartile groups reflects the curvilinear 
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nature of the relationship between SRA and affective symptoms, with Group 4 showing 

the highest symptom scores, whereas Group 2 (who rate themselves as average) 

showing the lowest scores (selected examples shown in Figure 6 G & H). Only one 

questionnaire showed a different pattern across quartile groups: the Centrality of Events 

Scale2 , CES; F(3,55) = 2.98, p < .05. As evident in Figure 6E, the CES group difference was 

attributable to lower mean CES scores for Group 1, as compared to the other groups (all 

ps < .05), which did not differ from one another. This pattern is noteworthy, as CES was 

the only measure that correlated with both TRA, at trend-level; r = -.26, p < .1, and 

linearly with SRA, r = .28, p < .05, as well as the difference score between the two, ZDif; r 

= .351, p < .01.  

What relevance might CES scores have for auto-biological beliefs? A comparative 

look at the data across measures and quartile groups provides a possible answer. The 

low-CES participants in Group 1 showed a strong negative bias in run 1 (mean = .033; >0: 

                                                        

2 The CES (Berntsen & Rubin, 2006) is considered a measure of the extent to which an 
individual considers a traumatic event as central to her or his identity. An example item 
is: “I feel that this event has become a central part of my life story”. The scale was 
developed to study memory processing in post-traumatic stress disorder (PTSD), but 
has also been used with participants who do not meet diagnostic criteria (Berntsen & 
Rubin, 2006). During the clinical interview in the DNS study, participants were asked to 
first list the most stressful or traumatic event in their life (which could include things 
like a fight with a family member or a bad grade), and then complete the 7-item version 
based on the event. Thus, while the CES does not capture the severity of trauma or PTSD 
symptoms per se, it does measure how relevant a stressful or traumatic event is for daily 
life and identity.  
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t(1,15) = 4.07, p < .001), which was reversed in run 2 (change in bias = -.04; <0: t(1,15) = -

4.19, p < .001). Between runs, they rated their amygdala reactivity as below average, 

showing a strong tendency towards underestimation (ZDif = -1.28; < 0: t(1,15) = -3.86, p < 

.01). The low SRA ratings made by this group might reflect a general tendency toward 

underestimation that also influenced their CES scores. In other words, Group 1 appeared 

to be emotionally reactive (as evidenced by their positive TRA values; mean = .29, > 0; 

t(1,15) = 3.17, p < .01, and high baseline negative bias scores), but they may tend to 

underestimate or underreport the impact of their emotional experiences.  

For comparison, consider Group 3: they too tended to have positive TRA scores 

(mean = .21; > 0, t(1,14) = .3.42, p < .01), showed negative bias in run 1 (mean = .015, 

marginally > 0, t(1,14)= 2.1, p < .1), and displayed a decrease in bias across runs (-.025; < 

0: t(1,14) = -2.8, p < .05). They also scored equivalently to Group1 on all the affective 

symptom measures, though there was a trend towards greater neuroticism in Group 3, 

t(1,29) = -1.87, p = .07. What distinguished Group 3 from Group 1, then, was their higher 

CES scores and above-average SRA ratings (range: 57-66).  

One final way to consider these data is to compare SRA underestimators and 

overestimators directly by splitting the sample based on whether they had a negative 

(underestimators; n = 22) or positive (overestimators; n = 35) ZDif score. An examination 

of symptom measures across these two ZDif groups reveals a trend towards higher PSS, 

CESD-R, and MASQ-Anx scores in overestimators than underestimators (all ps < .1). 
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Overestimators scored significantly higher on neuroticism, F(1,57) = 6.92, p < .05, and 

reported significantly higher CES, F(1,57) = 8.219, p < .01, than did underestimators. 

However, underestimators showed significantly higher baseline negative bias than 

overestimators on this task, F(1,57) = 4.54, p < .053.  

These assertions are obviously speculative and derive from an exploratory, data-

driven approach to characterizing the discrepancy between SRA and TRA in relation to 

symptom inventories and task performance. A subset of participants was characterized 

by high negative attentional bias on run 1, significant underestimation of their own 

amygdala reactivity, and significantly lower CES scores. The finding that the same 

participants who underestimated their SRA also showed stronger negative bias scores in 

run 1 was surprising and counterintuitive. Since SRA ratings were obtained after run 1, 

SRA ratings could, at least in part, reflect a reaction to performance on run 1. Such a 

reaction would require that participants had some awareness (whether conscious or not) 

of their attentional tendencies on the dot-probe task. Given that we did not assess 

awareness of attentional bias, or vary the order of task components across participants, 

we cannot make a directional argument about the relationship between baseline bias 

and SRA at this time.  

                                                        

3 These same analyses were repeated with a ZDif median split, to achieve equal group sizes, and the same 
trends held across all measures.  
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2.4 Conclusions  

In summary, the results of the current study suggest that auto-biological beliefs 

are relevant to predicting behavioral performance on the dot-probe task. This study 

represents an initial attempt to measure self-rated amygdala reactivity and explore the 

associations between this novel auto-biological construct and actual threat-related 

amygdala reactivity and attentional bias. The results most pertinent to the study 

hypotheses are summarized below.  

2.4.1 Experimental manipulation and negative bias 

Our hypothesis regarding the main experimental manipulation—a fixed vs. 

malleable video message—was not borne out by the data. One explanation is that the 

two experimental messages, which appeared at the end of the video, were 

overshadowed by the potentially more powerful experience of rating one’s own 

amygdala reactivity. Changing the content or timing of the experimental message in 

future iterations could help clarify whether believing that TRA is malleable or fixed 

influences attentional bias. Additionally, an experimental manipulation that more 

actively demonstrates the principles of biological change would likely be more effective 

than simply telling participants that these systems are malleable (the next chapter 

discusses an example). 

We also did not observe the predicted correlation between TRA and negative 

bias on our version of the dot-probe task. Such a correlation has been observed in at least 
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two studies with specific patient populations: PTSD (Rouby, Samuelian, Anton, Blin, & 

Khalfa, 2011) and panic disorder (van den Heuvel & Veltman, 2005). A third study 

found that attentional bias to masked stimuli correlated with intrinsic functional 

connectivity between the amygdala and anterior cingulate cortex during resting state 

(Carlson, Cha, & Mujica-Parodi, 2013). These prior studies measured reactivity and 

behavior either simultaneously (Rouby et al., 2011; van den Heuvel & Veltman, 2005), or 

on the same day (Carlson et al., 2013). To the extent that attentional bias is susceptible to 

state influences (which it appears to be; Bar-Haim et al., 2007), the fact that we failed to 

find a correlation between attentional bias and neural reactivity collected at a different 

timepoints (for some of our participants, months in the past) is perhaps unsurprising.  

Furthermore, a meta-analysis of dot-probe studies found that attentional bias is 

not normally found for non-anxious individuals (Bar-Haim et al., 2007). The non-clinical 

nature of our sample may have precluded any prediction of negative bias by TRA 

because either the average magnitude of bias was too small or the range too restricted. 

Finally, the images used in the current study may have been insufficiently salient or 

threatening to elicit a negative attentional bias that would correlate with TRA across 

participants. All of the faces in the current study depicted “closed mouth” facial 

expressions, which are rated as less threatening than “open mouth” expressions 

(Tottenham et al., 2009). Using morphed faces to vary the level of threat in facial 

expression, Wilson and MacLeod (2003) found that anxious individuals become vigilant 
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to faces at a lower level of threat than non-anxious individuals; however, both groups 

showed a pattern of avoidance rather than vigilance when the threat level is low. Thus, 

our sample may have shown a mix of avoidance and vigilance responses due to the 

relatively low threat posed by the stimuli.   

2.4.2 Change in attentional bias across runs 

Change in bias across the two runs was differentially predicted by the two auto-

biological measures: TRA was selectively involved in change in positive bias, whereas 

SRA was selectively involved in change in negative bias. A closer look at these two 

patterns revealed that change in positive bias increased linearly with the magnitude of 

TRA: participants with low TRA showed a decrease in positive bias from run 1 to run 2, 

whereas participants with high TRA showed an increased in positive bias. This finding 

is consistent with a study by Bradley and colleagues (1999), who found that anxious 

participants showed greater vigilance to positive stimuli during the second half of the 

task; a similar mechanism may underlie the increased vigilance in our high-TRA group 

from run 1 to run2.  

Negative bias, in contrast, was not linearly related to SRA. Instead, participants 

in the first and third SRA quartile showed the highest negative bias at baseline and 

largest decrease in bias across runs. Additional exploratory analyses suggested that 

where participants rate themselves on the “amygdala bell curve” may relate to broader 

patterns of affective functioning. Specifically, participants who underestimated their 
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own amygdala reactivity also reported lower centrality for a stressful life event, 

suggesting that a tendency to underestimate or distance oneself from an emotional 

experience may carry over into beliefs about one’s own biology. 

Might such a pattern of underestimation be helpful, or harmful? In the context of 

task performance, it may be helpful: Group 1 reversed the direction of their negative 

bias from vigilance to avoidance across runs. Reducing negative bias is the goal of 

attentional bias modification studies, and has purported therapeutic effects (MacLeod & 

Mathews, 2012). Additionally, low CES scores may be a marker of psychological health: 

studies have shown that CES correlates positively with PTSD and depressive symptoms 

(Berntsen & Rubin, 2006; Boals, 2010; Robinaugh & McNally, 2010), suggesting that 

having a degree of separation between one’s identity and traumatic or stressful events 

could be protective.  

Future work could address a number of questions remaining from this study. 

Replication with a larger sample is necessary to determine whether the patterns of 

change observed across SRA quartile groups are reliable. Modifications to the study 

design in future iterations could help to disentangle the directionality of effects between 

attentional bias and auto-biological beliefs. Specifically, comparisons of participants who 

complete amygdala self-ratings before or after the first run of a dot-probe task could 

provide insight into whether auto-biological beliefs arise in reaction to or independent 

from attentional bias. The existing literature is equivocal on whether the effects of 
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awareness of performance on dot-probe tasks is helpful or harmful. One group found 

that attentional bias modification was enhanced by explicit instruction about the task 

contingencies (Krebs, Hirsch, & Mathews, 2010), whereas another found that such 

instructions weakened the modification effect (MacLeod, Mackintosh, & Vujic, 2009). 

Thus, the question remains of whether awareness of performance on the dot-probe task 

might be helpful for participants who are attempting to reduce their attentional bias, or 

whether such awareness might have negative effects (such as increasing anxiety, which 

could further exaggerate bias). 

An additional potential predictor of change in bias across runs which could be 

explored in future analyses is individual differences in attentional control. Work 

suggests that one mechanism determining attentional bias is whether an individual is 

capable of diverting attention away (i.e., disengaging) from an emotional stimulus 

(Cisler & Koster, 2010). For example, one study found that trait anxious individuals with 

high capacity for attentional control were able to effectively disengage attention from 

threat, thus diminishing attentional bias, whereas those with with low capacity were 

unable to do so (Derryberry & Reed, 2002). Such individual differences could partially 

explain the ability of some participants in the current study to reduce their negative 

attentional bias between runs of the task. Neurocognitive proxy measures of attentional 

control (such as digit span, Trails A & B, PASAT), which that are available for the DNS 

participants, could be included in future analyses to assess whether individual 
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differences in the capacity for attentional control explain the shifts in attentional bias 

observed for some subjects, but not others. 

2.4.3 The role of auto-biological beliefs  

The novel auto-biological construct introduced in this study—self-rated amygdala 

reactivity—has potentially significant implications for both attitudes and behavior. 

Participants who rated themselves as far from the average magnitude of reactivity across 

the DNS sample, in either direction, scored higher on all the measures of affective 

symptoms, suggesting a curvilinear association between SRA and self-report measures of 

depression and anxiety. The fact that belief in auto-biological “difference-from-average” 

is such a robust predictor of affective distress is noteworthy, considering the findings 

from the stigma literature that suggest framing mental illnesses as biological (and thus 

highlighting the biological “otherness” of those affected) increases stigma and prognostic 

pessimism. We also observed a disconnect between actual and threat-related amygdala 

reactivity, suggesting that participants did not possess accurate knowledge about their 

own auto-biology. Importantly, the degree of this discrepancy was associated with the 

CES, as described above, and also positively correlated with neuroticism. 

 Three elements of the auto-biological rating deserve further study. First, an 

element of social comparison was built into the self-rating, since participants were asked 

to rate themselves in reference to other DNS participants. This may have been 

particularly relevant for our participants—undergraduate students in a competitive 

academic environment—for whom social comparison to their peers may be particularly 

salient. Future studies could vary the wording of the auto-biological rating to disentangle 
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the role that social comparison may play in the auto-biological rating process. Secondly, 

future studies should test the specificity of the auto-biological element of the self-rating. 

For example, if we were to ask participants to rate themselves on an “anxiety bell curve,” 

would the same results hold? Finding that auto-biology ratings are more powerful than 

auto-psychology ratings, in such experimental contexts at least, would provide an 

important piece of evidence in the debate about the persuasive power of neurobiological 

explanations (McCabe & Castel, 2008; Weisberg, Keil, Goodstein, Rawson, & Gray, 

2008; but see Hook & Farah, 2013).  

 Finally, the “underestimator” effect found in the SRA ratings might represent a 

specific auto-biological instantiation of the well-known Dunning-Kruger effect from 

social psychology, which shows that individuals who are unskilled in a given domain also 

lack the ability to recognize their lack of skill (Kruger & Dunning, 1999). In other words, 

unskilled individuals tend to overestimate their abilities and are unable to realize that it is 

an overestimation. Applied to the current study, the low-SRA group could be rating 

themselves as relatively immune to emotional experience, and be similarly unable to 

recognize their strong attentional bias in the task. Obviously, this hypothesis deserves 

testing in future iterations but could provide an interesting link between a tendency to 

overestimates one’s performance (in the academic domain, for example) and a similar 

pattern of underestimation of emotional experience. 

The current study provides evidence that how people understand their biology 

matters, at least as measured in the context of a single-session laboratory experiment. 

Indeed, self-rated amygdala reactivity, while unrelated to actual threat-related amygdala 
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activity, strongly predicted affective distress and change in negative bias across runs of 

the dot-probe task. The fact that a self-report measure (SRA) predicted other self-report 

measures is perhaps unsurprising; however, the variety of affective symptoms 

(depression, anxiety, perceived stress, neuroticism) predicted by SRA is noteworthy 

given that it is a single item asking about one’s biology. Further elucidating the effects of 

auto-biological beliefs on cognitive and affective processes relevant to psychopathology 

will be an important next step in understanding the role of such beliefs in the etiology and 

treatment of psychiatric disorders.  
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3. Chapter 3. Does the experience of controlling neural 
activity motivate engagement of cognitive strategies for 
depression?  

3.1 Overview 

The reattribution studies reviewed in the introductory chapter used a variety of 

approaches to encourage attributional change in their participants. As discussed, the 

attributional dimension of controllability/uncontrollability may be the most difficult to 

shift using information alone. According to self-efficacy theory (Bandura, 1977), actively 

demonstrating an individual’s ability to control particular aspects of their environment 

is more likely to lead to changes in beliefs and behavior than merely telling him or her 

that a given aspect is controllable. In Study 1, we provided participants with an 

“information-only” message about their ability to affect change in a biological measure 

of affective vulnerability. We found that, at least within the particular design constraints 

of that study, the message alone was not sufficiently powerful to affect change in 

attentional bias across runs (although this may have been due to factors other than the 

mode of delivery). Whatever the reason for the null effect of our information-only 

manipulation in Study 1, a more powerful way to achieve attributional change in auto-

biological beliefs may be to demonstrate to participants their ability to influence their 

own biology.  

Study 2 was designed to offer such a demonstration, using a non-invasive proxy 

measure of activity in a biological system: real-time fMRI neurofeedback. Participants 
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with a history of depression who previously had received a standardized course of 

cognitive-behavioral therapy were recruited for a real-time fMRI session in which they 

were asked to use cognitive strategies learned in therapy (or elsewhere) to regulate their 

mood in the scanner. While doing so, each participant was provided with a real-time 

neurofeedback signal from a brain area involved in affective experience (the anterior 

cingulate cortex; ACC). Participants saw, on a trial-by-trial basis, how effective their 

cognitive strategies were for modifying brain activation in this area. We measured 

participants’ beliefs in the efficacy of their strategies, as well as their frequency of use, 

before and after the scan experience through daily experience sampling and online 

questionnaires. We hypothesized that the experience of regulating brain activation 

through the use of personalized cognitive strategies in the scanner would increase 

participants’ beliefs in the efficacy of their strategies, as well as their tendency to use 

their strategies in daily life. A secondary hypothesis was that concomitant changes in 

mood and/or psychological functioning (such as self-efficacy or quality of life) would 

occur following the scan experience.  

3.1.1 Background 

The origin of the current study was a pilot investigation conducted by Adcock 

and colleagues (2005). The authors recruited participants who had undergone cognitive 

behavioral therapy (CBT) for obsessive compulsive disorder and identified individual 

participants’ triggers of obsessive thoughts as well as the cognitive strategies that 
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effectively reduced anxiety for each participant. These triggers and strategies were 

presented as ideographic cues to participants in the MRI scanner while they were 

provided with real-time neurofeedback from the anterior cingulate cortex (ACC). A 

majority of participants reported increased motivation to use their cognitive strategies in 

a phone interview two weeks after the scan; however, the sample size was prohibitively 

small for making any generalizable conclusions. These pilot data informed one of the 

aims of an NIMH BRAINS Grant awarded to Dr. Adcock, which has supported the 

current project. The analyses described here represent only a subset of the goals of the 

full project.  

For the current investigation, we adapted the paradigm used by Adcock and 

colleagues (2005) for use with a sample of patients who had received CBT for 

depression. This patient population was targeted for two reasons. The first was 

pragmatic: we were granted access to a sample of patients who had received treatment 

for depression through a longstanding collaboration between Dr. Tim Strauman at Duke 

University and Dr. Kari Eddington at the University of North Carolina at Greensboro 

(UNC-G). Recruiting from this treatment study sample meant that the therapy 

experience shared by participants was homogenous compared what might be expected 

from a general clinical sample. We were also generously granted access to clinical 

baseline and outcome data from the treatment trial. A second reason to target 

participants with depression for a neurofeedback intervention is that, as discussed in the 
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introductory chapter, depression is a disorder for which expectations play a particularly 

powerful role in treatment outcomes (Rutherford et al., 2010). Thus, an intervention 

aimed at changing expectations about the efficacy of cognitive strategies may be 

particularly relevant to patients coping with depression.  

To our knowledge, this is the first study to provide real-time neurofeedback 

linking brain activation to the use of cognitive strategies learned in psychotherapy for 

depression. At least two previous investigations have provided real-time neurofeedback 

to participants with a depression diagnosis, with promising results. Linden and 

colleagues (2012) recruited participants with depression for a four-session 

neurofeedback training protocol aimed at improving participants’ ability to upregulate 

activation in brain areas responsive to positive emotions (e.g., insula, ventrolateral 

prefrontal cortex). Participants in the neurofeedback group (n = 8) showed a clinically-

significant reduction in scores on the Hamilton Depression Rating Scale (HDRS) 

compared to a control group (n = 8) that practiced emotion regulation strategies outside 

of the scanner. In a related study, Young and colleagues (2014) instructed participants 

with depression to recall positive autobiographical memories in order to upregulate a 

neurofeedback signal from the left amygdala (n = 14) or a control region (the 

intraparietal sulcus; n = 7). In a single fMRI session, participants in the amygdala group 

successfully upregulated activity across three training runs, as well as during a forth 

transfer run with no neurofeedback. In addition, participants in the amygdala group 
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reported significant decreases in anxiety and improved mood after the scan.  In contrast, 

the control group showed no training effect in the intraparietal sulcus and did not report 

any mood improvements post-scan.  

The current investigation is distinct from prior work in three ways. First, the 

previous investigations described here were designed to be training protocols and 

conceptualized “neurofeedback” in the traditional sense of the word—a source of 

reinforcement to support learning through operant conditioning (Sulzer, Haller, 

Scharnowski, & Weiskopf, 2013). Both sets of authors spoke to the potential for real-time 

neurofeedback to influence meta-cognitive processes such as cognitive schemas and self-

efficacy, but in neither case were such constructs directly measured. In the current 

investigation, the explicit goal was to change cognitions and efficacy expectations, and 

the task was not designed to test training effects based on learned control of brain 

activation. Secondly, the authors of the previous studies described their approaches as 

alternatives to traditional psychotherapy or pharmacotherapy for depression, whereas 

we conceptualized our intervention as an adjunct to (and perhaps enhancement of) 

cognitive therapy. Thirdly, the previous studies attempted to teach participants a new 

skill through neurofeedback training—control of one’s own brain activity—which may 

or may not directly influence symptoms or generalize to adaptation and coping outside 

of the scanner. In contrast, in the present study we attempted to use neurofeedback to 

reinforce belief in the efficacy of already-learned cognitive strategies which, presumably, 
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already had been successfully generalized outside of their original learning context (the 

psychotherapy office).  

Given this novel approach, we considered the current investigation to be a proof-

of-concept study of the feasibility of providing fMRI neurofeedback to patients as a 

supplementary “micro-intervention” following a course of cognitive therapy. Because 

we recruited from an existing sample of individuals who had completed a treatment 

trial through Dr. Eddington’s lab at UNC-G, our potential sample size was limited. We 

thus opted not to incorporate a between-subjects condition or manipulation, so as to 

maximize the number of participants receiving active treatment. Within the limits of the 

available sample from Dr. Eddington’s clinical trial, the present study was designed to 

optimize our ability to detect an effect of the real-time fMRI session on beliefs about 

strategy efficacy and frequency of strategy use. We therefore measured strategy use and 

associated beliefs at multiple timepoints (including online questionnaires and experience 

sampling prior to any in-person contact with participants) in an attempt to better isolate 

any changes following the scan experience. A timeline of the study procedures is 

provided in Figure 8 in the Method section. 

3.1.2 fMRI task selection 

In order to demonstrate the effectiveness of cognitive strategies for regulating 

brain activation in real time, our fMRI task needed to include both a mood induction 

phase and a mood regulation phase. This left us with the question: how could we 
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reliably induce a negative mood state in participants with depression? In the initial pilot 

investigation with OCD patients, Adcock and colleagues (2005) presented participants 

with previously determined idiographic stimuli that tended to trigger obsessive 

thoughts (e.g., for a particular patient the word “stove” might trigger anxiety that the 

stove had been left on). Depressed mood, in contrast, is less reliably linked to specific 

triggering stimuli. Rumination emerged as a candidate cognitive process that is both 

linked to depressed mood and could be potentially triggered in the scanner (Cooney, 

Joormann, Eugene, Dennis, & Gotlib, 2010). We posited that a task that induced 

participants to ruminate would lead to an increase in negative emotion, which could 

then be regulated by cognitive strategies learned in therapy (in the same way that the 

patients with OCD used therapy strategies to reduce their anxiety in response to 

triggers; Adcock et al., 2005).  

The mood induction task incorporated individually tailored cues for negative 

autobiographical memories or current concerns with the goal of inducing rumination or 

worry. The functional association between rumination and autobiographical memory 

has been demonstrated experimentally (McFarland & Buehler, 1998), and rumination 

has been posited as a potential mediator of overgeneral memory in depression (Raes et 

al., 2006; Watkins & Teasdale, 2001). Worry tends to be more focused on potential future 

threats but is also reliably triggered by autobiographical stimuli (McLaughlin, Borkovec, 

& Sibrava, 2007). Rumination and worry are considered to be separate, though related, 
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cognitive processes: both are self-focused, repetitive, perseverative, and can exacerbate 

depression and anxiety (Nolen-Hoeksema & Wisco, 2008). We targeted both rumination 

and worry in our mood-induction task to maximize the generalizability across subjects 

who may differ in their tendencies towards worry or rumination. In order to create an 

individualized stimulus set that could trigger rumination and worry, therefore, 

participants were asked to generate negative memories or worries that could be used to 

induce a negative state in the scanner. The proportion of memories versus worries was 

left up to participants, who were instructed to create a set of cues that best represented 

what they tend to spend their time doing (i.e., worrying or ruminating).  

3.1.3 Selection of neurofeedback ROI 

The anterior cingulate cortex was selected as our anatomical region of interest 

(ROI) for providing real-time neurofeedback. Initially, we had selected a more specific 

target region, the subgenual ACC (sgACC), but this region proved poorly suited for 

obtaining a reliable feedback signal during task piloting, particularly due to the high 

potential for signal dropout associated with the nearby sinus cavities. As such, we 

broadened the target area to include both the dorsal and subgenual anterior cingulate. 

These areas were deemed appropriate targets for the mood induction task given 

findings suggesting their role in emotion regulation and depression. For example, 

activation in the sgACC increases in response to sadness induced by autobiographical 

memory cues (Mayberg et al., 1999) and shows the greatest activation when participants 
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are instructed to “feel” as opposed to regulate a negative emotional experience (Kross, 

Davidson, Weber, & Ochsner, 2009). Similarly, the sgACC and the ACC were more 

activated for depressed compared to healthy control participants during a task involving 

looking at emotional facial expressions (Gotlib et al., 2005). In a meta-analysis, the dorsal 

ACC was more responsive to negative stimuli across studies in participants with 

depression compared to healthy controls (Hamilton, Etkin, & Furman, 2012). The link 

between this region and rumination has also been demonstrated. The ACC was found to 

be more active for depressed participants compared to controls when ruminating 

(Cooney et al., 2010), and trait rumination scores were positively correlated with the 

strength of resting-state connectivity between the sgACC and the posterior cingulate 

cortex for both healthy and depressed participants (Berman et al., 2011). 

Functional changes in the ACC have also been observed in response to treatment 

for depression. Improvement in depressive symptoms has been associated with 

decreased sgACC activity (Ressler & Mayberg, 2007), and the sgACC has been used as a 

target region for deep brain stimulation for treatment-resistant depression (Mayberg et 

al., 2005). Decreased functional connectivity between the ACC and the dorsolateral 

prefrontal cortex also predicted remission following treatment by electroconvulsive 

therapy (Perrin et al., 2012). Furthermore, the sgACC has been used as a neurofeedback 

target for healthy participants attempting to regulate mood (Hamilton & Glover, 2007; 

Hamilton, Glover, Hsu, Johnson, & Gotlib, 2011) as well for patients with chronic pain 
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(deCharms et al., 2005) and nicotine addiction (Hanlon, Hartwell, Canterberry, & Li, 

2013; Li, Hartwell, Borckardt, & Prisciandaro, 2013). Thus, the ACC was an appropriate 

neuroanatomical target for the current investigation given its putative role in emotion 

regulation, rumination, and depressive symptoms, as well as its previously-

demonstrated feasibility as a target region for real-time neurofeedback in healthy and 

patient populations. However, that anatomical specificity was not one of the goals of the 

present study. Rather, we chose the ACC as a target region primarily for its feasibility as 

a source of a robust neurofeedback signal rather than to test specific hypotheses about 

the role of the ACC either in depression or in individuals’ use of cognitive therapy skills 

and strategies.   

3.2 Method 

3.2.1 Participants 

3.2.1.1 Initial Recruitment 

Prospective participants for our study were recruited from those who had 

completed a cognitive therapy trial at the UNC-G through the lab of Dr. Kari Eddington 

(Eddington, Silvia, Foxworth, Hoet, & Kwapil, 2015). Participants were initially recruited 

for Dr. Eddington’s study through online postings and advertisements in the greater 

Greensboro area. Prospective participants were screened with the SCID-I & II diagnostic 

interviews and included in the study if they met primary DSM-IV-TR diagnosis of major 

depressive disorder or dysthymia, had a Beck Depression Inventory (BDI-II) score above 
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14, and were not currently taking any antidepressant medications. Participants were 

excluded for comorbid mania, substance dependence, psychotic symptoms, personality 

disorder, or active suicidal intent. A total of 100 participants were screened, and 56 were 

enrolled and randomly assigned to one of two treatment conditions. A total of 32 

participants were lost to follow-up (either because they did not start treatment or failed 

to complete it) leaving a final sample size of 24 completers.  

The treatment in Dr. Eddington’s study was delivered by six master’s-level 

trainees who were either enrolled in or had recently completed a clinical psychology 

doctoral program. Each therapist delivered one of two types of structured therapy: 

Cognitive Behavioral (CBT) Therapy or Self-System Therapy (SST). CBT is an 

empirically supported treatment for depression that targets dysfunctional thoughts. SST 

was developed by Dr. Strauman (2006) and is a variant of cognitive therapy that 

specifically targets problems with self-regulation. Therapists were trained and 

supervised by Dr. Eddington and Dr. Strauman. All sessions were audio recorded and a 

quasi-random subset of these recordings was rated for adherence and treatment quality 

by independent coders. The therapy was delivered in 16 sessions (50 minutes each), 

scheduled weekly (see Eddington et al. [2015] for details about treatment delivery and 

adherence/quality evaluation). The treatment study began in June 2011 and ended in 

September 2013. Six months after each patient’s end of treatment, a follow-up was 

conducted to assess residual symptoms.  
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Figure 7: Recruitment summary 

3.2.1.2. Secondary Recruitment 

 For the present study, we approached the 24 individuals who had fully 

completed the study at UNC-G through the six-month follow-up (see Figure 7). Phone 

screening of these potential participants occurred during the months of November 2014-

March 2015. Of the 24 individuals who were contacted, 5 did not return phone calls. The 

remaining 19 were screened for eligibility. The only inclusion criterion was prior 

participation in the UNC-G treatment trial. Potential participants were excluded if they 

were deemed ineligible for the MRI scan (due to medical/safety concerns; n = 2), 

reported active suicidal ideation and a history of previous attempts (n = 1), or were not 

interested in participating (n = 2). One participant was enrolled in the study but did not 

take part in the MRI scan due to safety concerns, and thus was excluded from all 

analyses. A final sample of 13 participants (11 F; mean age = 44) took part in all the study 

assessments.  
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A majority of the participants (8/13) had been naïve to therapy before entering 

the UNC-G treatment study, and only three had enrolled in additional therapy since 

finishing the study. Of the 13 participants, four reported that they were currently taking 

antidepressant medications. Average time elapsed since treatment completion was 29 

months (ranging from 19 to 39 months).  

3.2.2 Procedures 

A timeline of the study procedures is presented in Figure 8. After enrollment, the 

study procedures took place over a 6-week span. There were two in-person study visits 

(an interview and an fMRI session), and two types of data were collected remotely 

(online questionnaires and experience sampling). Each of these procedures is detailed 

below. 

3.2.2.1 Online Surveys 

A battery of questionnaires was administered to participants remotely via the 

Qualtrics Survey Platform at three time points, spaced approximately three weeks apart: 

Baseline, 1-week follow-up (1 week after the scan session) and 4-week follow-up (4 

weeks after the scan session). Each battery took, on average, between 21 and 36 minutes 

to complete, and participants were compensated for their time. 
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Figure 8: Timeline of study procedures. 

The questionnaires fell roughly into four measurement categories (see Figure 9). 

We included three measures of affective symptoms: The Patient Health Questionnaire 

(PHQ-9; Kroenke & Spitzer, 2001), a 9-item inventory of depressive symptoms; the Beck 

Depression Inventory (BDI; Beck, Steer, & Brown, 1996), a 21-item inventory of 

depressive symptoms; and the Speilberger Trait Anxiety Inventory (STAI-S and STAI-T; 

Spielberger, 1983), a 20-item measure of trait anxiety. We also included three measures 

of affective functioning: The General Self-Efficacy scale (Schwarzer & Jerusalem, 2010) is 

a 10-item measure assessing optimistic self-beliefs about ability to persist and cope with 

adversity. The Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004) is 

a 36-item measure assessing how individuals understand and respond to their own 

emotional states. Finally, we included the Satisfaction with Life Scale (SWLS; Diener, 

Emmons, Larsen, & Griffin, 2010), a 5-item measure of subjective well-being.  
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Given our interest in auto-biological beliefs, we included three measures of 

relevant beliefs or mindsets. We developed a set of eight items to measure 

entity/incremental theories about mood, which we called “Implicit Mood Theory”, 

based closely on the Implicit Theories of Intelligence Scale (Hong, Chiu, & Dweck, 1995). 

We also included the Stress Mindset Measure (SMM; Crum et al., 2013), an 8-item 

measure assessing the degree to which participants believe stress is helpful or harmful 

for their performance and wellbeing. Finally, we included The Dualism Scale (Stanovich, 

2012), a 16-item measure of the extent to which an individual believes in brain-mind 

dualism vs. monism. We also included two questionnaires to capture potentially 

relevant aspects of a participant’s psychological history. The Holmes-Rahe Stress 

Inventory (Holmes & Rahe, 1967) is a 43-item checklist of commonly experienced 

stressful life events. The Regulatory Focus Questionnaire (Higgins et al., 2001) is a 26-

item measure of history and success of promotion vs. prevention orientation during 

development. Finally, we included some relevant items from the Centrality of Events 

Scale (CES; Berntsen & Rubin, 2006)—a 12-item measure of the extent to which an 

individual considers an event as central to her or his life and identify. The CES was 

included in the final online questionnaire battery to assess the centrality of the 

experience in the scanner for our participants.  
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Figure 9: Questionnaire measures 

The scales measuring symptoms, affective functioning, and beliefs were assessed 

at all three timepoints. The history scales were measured only at baseline and 4-week 

follow-up. In addition, the Centrality of Events Scale was administered at 4-week 

follow-up only, to assess memories of the scan session. Finally, the briefest symptom 

inventory (PHQ-9) was administered at every observation point (including phone 

screen, interview, and scan session) to provide a consistent measure of mood symptoms 

across the study. However, due to a technical error, PHQ-9 scores were not recorded for 

2-3 study visits for 5 of 13 participants. 

3.2.2.2 Experience Sampling  

To obtain a more ecologically valid measure of mood and strategy use across the 

study period, we used a method of experience sampling methodology (ESM) that 

consisted of daily surveys delivered automatically to participants via cellphone. These 

data were collected with the assistance of Roger Beaty, PhD, then a graduate student at 

UNC-G. Participants received eight calls a day for five days a week during the first three 
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weeks of the study (for a total of 15 days). This timeline was arranged such that 

participants received an equal number of calls for a baseline week (before the interview 

and scan), after the interview, and then after the scan. Due to technical malfunctions of 

the phone software and scheduling delays, this overall temporal structure was not 

perfectly maintained for all participants, but at least two days worth of ESM data was 

collected for each participant during each data collection week.  

The phone calls were delivered over a 12-hour time interval of the participants’ 

choosing (e.g., 7am-7 pm or 11am-11pm), and were randomly interspersed across that 

time interval. Participants were instructed to answer as many phone calls as possible, 

but were also given the option to call back within a ½ hour of a missed call to complete 

the survey. Compliance rates, therefore, were calculated as the proportion of calls that 

were either answered or returned within a ½ hour window. The average compliance 

rate was 80%, and ranged from 48% - 95% of all calls delivered. 

During each phone call, participants were asked 21 questions and rated each on a 

1-7 scale from “not at all” to “very much.” Participants were instructed to make ratings 

based on their state at the time immediately before the phone call. A full list of the ESM 

questions is provided in Appendix C. The questions covered the domains of cognition 

(“my thoughts are pleasant”), mood (“I feel happy”), physical functioning (“I feel 

tired”), and situation (“my current situation is stressful”). A final question asked 

whether they had used any of their strategies learned in therapy since the last phone 



 

 102 

call. If participants endorsed strategy use, they were then asked to list the strategy used 

and rate how helpful it was. Verbal descriptions of strategies used were recorded and 

later transcribed by a research assistant in the Adcock Lab (Laura Lerebours). Each 

phone call took approximately 1.5-2.5 minutes to complete and participants were 

compensated for their time.  

To motivate participants to answer as many surveys as possible, we included a 

“bonus call” system to incentivize the ESM. Participants were told that 0-2 times a day 

they would receive a bonus call, which was worth $5. The bonus would be announced at 

the end of the survey, and the number of bonus calls answered would be tallied and 

paid out at the end of the study. Participants could receive the bonus only for phone 

calls that were answered (rather than called-back). On average, participants answered 13 

bonus calls across the 15 days of ESM for a total earned amount of $65. 

3.2.2.3 Interview Session  

After the first baseline week of experience sampling, participants came to the 

clinical psychology research space at UNC-G for an in-person interview. A brief 

structured interview was conducted asking participants to reflect on their experience in 

the therapy study and any other therapy experiences they had had before or since. 

Reactions to the therapy they received as part of the study ranged from “didn’t love it” 

and “too scientific” to “life-changing” and “like a garden full of roses”. When asked, less 

than half of the participants interviewed (6/14) still remembered their therapist’s name.  
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Participants were then prompted to generate autobiographical material that 

could be used to trigger a negative mood state while in the scanner. They were asked to 

list 24 negative memories or worries, described in short phrases (4-5 words), which 

would be displayed to them while in the scanner. Participants were instructed that the 

phrases should be easily recognizable for them but need not hold meaning for anyone 

else, including the experimenter. For each phrase, participants were asked to rate 

whether it was a memory or a worry, the degree of emotionality (very negative – very 

positive), and the level of detail (for a memory) or specificity (for a worry). For example, 

a phrase representing a memory from one participant was “pool incident,” whereas a 

phrase representing a worry was “Mom’s overdue medical bills.”  

Finally, participants were asked to list eight strategies that they use to regulate 

their mood. They were instructed that these could be strategies learned in therapy or 

elsewhere, and that at least half of them needed to be mental strategies that were 

compatible for use the scanner (for example, deep breathing would interfere with the 

signal acquisition and thus was deemed an incompatible strategy). Participants wrote a 

short phrase for each strategy that they would be shown in the scanner and then rated 

each strategy for frequency of use, difficulty of use, and effectiveness. For example, a 

phrase representing a strategy used in the scanner from one participant was “examine 

the evidence,” whereas a phrase representing a strategy not used was “going to the 



 

 104 

gym.” A full list of the phrases for strategies used in the scanner is provided in 

Appendix D.  

Mood ratings were taken at the beginning and end of the interview session so 

that any worsening of mood could be documented and worked through before 

participants left the session. Four of the 13 participants reported an increase in sadness 

of two scale points or greater, and a preplanned mood improvement protocol was 

followed in those cases (e.g., snack food, chatting until mood improved). The interview 

session lasted 2 hours, on average, and participants were compensated for their time. 

3.2.2.4 Scan Session 

One week after the interview session, participants traveled to Duke for the MRI 

session. Participants were scanned on a GE MR750 3 Tesla scanner at Duke’s Brain 

Imaging and Analysis Center. Participants were instructed on the task prior to entering 

the scanner and then engaged in a localizer run, anatomical and resting state scans, and 

5 task runs, for a total of 1.5-2 hours in the scanner. 

The localizer task consisted of three task phases, repeated four times each. Each 

phase lasted 30 seconds. During the “Count” phase, participants were instructed to 

count backwards from a starting value using a specified increment (e.g., 300-4). The 

starting value and increment varied on each trial but consisted of simple mental 

arithmetic, and the participants were instructed not to concern themselves with accuracy 

or speed. During the “Memory” phase, participants were shown one of the short phrases 



 

 105 

they had previously created to cue a negative memory or worry. They were instructed to 

fully immerse themselves in the memory or worry for the full 30-second duration of the 

memory phase, focusing particularly on the emotions generated during the elaboration. 

Finally, during the “Strategy” phase, participants were shown one of short phrases they 

had previously created to cue a mood-regulation strategy. They were instructed to use 

the strategy as they would in daily life to regulate their mood. Prior to the scan session, 

the experimenter (KM) selected three or four strategies that were appropriate for the 

scanner for each participant and pseudo-randomly paired these strategies with the 24 

memories such that each strategy appeared an equal number of times. The memory-

strategy pairs were then randomized and presented to the participants in blocks of four 

trials at a time (~ 8 minutes/block). 

The localizer run was immediately analyzed in order to define an individually 

tailored region of interest (ROI) for use in the real-time runs. Our goal was to create 

subject-specific anterior cingulate (ACC) ROIs that would provide the most reliable and 

robust feedback signal possible. Thus, we designed our localizer analysis to identify 

voxels within the ACC that had greater activation during the Memory phase relative to 

both Strategy and Count phases. Whole brain z-stat maps for Memory > (Strategy + 

Count) were first smoothed at 4 mm FWHM and then masked with an anatomically-

defined ROI of the ACC (a combination of Broadmann Areas 24, 25 and 32). Within the 

resulting search area, we identified clusters defined as contiguous voxels with activation 
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in the top 5% of overall activation. Clusters were then rank-ordered based on size. Next, 

we selected the largest cluster, identified the peak voxel within that cluster, and visually 

confirmed that the peak was in an anatomically appropriate location (which occurred for 

12 out of 13 participants; for one participant, a smaller cluster was selected).  

 

Figure 10: Heatmap depicting neurofeedback ROI locations for each subject 
(left panel). The anatomical location, hemisphere, and MNI coordinates for each ROI 

are provided (right panel). 

To complete the process, we created a spherical ROI (radius 7mm) centered on 

the peak voxel. This ROI subsequently became the region from which feedback was 

derived during real-time functional runs. This process meant that the feedback ROI was 

in a different location for each participant. The goal of the ROI selection was to 

maximize our ability to derive a strong feedback signal; the exact anatomical location of 

each ROI was a secondary concern. As can be seen in Figure 10, the majority of 
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participants had ROIs located in the paracingulate gyrus, as indicated by probabilities 

provided by the Harvard-Oxford anatomical atlas 

During the real-time runs, the task followed the same structure as the localizer 

task. A new set of memory/worry phrases and strategy pairings were used, and now, 

participants received neurofeedback following each of those phases on each trial. The 

neurofeedback was derived from ongoing activation in the subject-unique ACC ROI 

described above. Following the Memory phase, participants were presented with 

feedback indicating any increase in ACC activation resulting from the mood induction. 

Feedback was calculated as the average signal within the ROI across the last 15 seconds 

of the Memory phase, minus the average signal within the ROI across the last 15 seconds 

of the previous Count phase. If the resulting value was negative, the feedback value was 

set to 0 (ensuring participants only saw increases following mood induction). Feedback 

values were normalized to a range of 0:1 and were presented to participants as a series 

of animated, ascending orange bars. These design choices were made to ensure that the 

feedback was unambiguous and easy for participants to understand and interpret (see 

Figure 11 for an illustration of the feedback screen shown to participants).  



 

 108 

 

Figure 11: . Feedback screen shown to participants. The left panel depicts 
feedback shown after the “Memory” phase, the right panel depicts feedback shown 

after the “Strategy” phase. In the scanner, the feedback bars were animated. 

Following the Strategy phase, participants were presented feedback indicating 

any decrease in ACC activation relative to the previous Memory phase. Feedback was 

calculated as the average signal within the ROI across the last 15 seconds of the Strategy 

phase, minus the Feedback value from the previous Memory phase. If the resulting 

value was positive, the feedback value was set to 0 (ensuring participants only saw 

decreases following strategy use). Feedback values were normalized to a range of -

1:0and were presented to participants as a series of animated, descending blue bars. 

Figure 12 depicts data from one participant and shows how raw output signal from the 

ROI is transformed into feedback values on the scale of -1 to 1.  

Participants were told that the ACC is responsive to negative emotion and to 

expect signal in the area to increase when they were thinking about their 

memories/worries, and to decrease when they were using their strategies. They were 
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also instructed that on some trials the feedback signal might be stronger than on other 

trials and that there may be other factors (scanner noise, dropout due to anatomical 

variation in sinus cavity) that could interfere with our ability to present a consistently 

strong feedback signal. 

 

Figure 12: Sample feedback plot. The top panel depicts the raw output values 
from the ROI on each trial. The bottom panel depicts those same values converted 
into feedback values, with memory feedback values constrained from 0-1 (orange) 

and strategy feedback values constrained from 0 to -1 (blue). 

Five full runs of the task were completed for 9 of the 13 participants. Two 

participants elected to end the scan session early due to distress (one became 

claustrophobic, the other became distressed while recalling memories). Two participants 

had incomplete data due to technical malfunctions.  

Following the scanning session, participants completed a post-scan 

questionnaire. For each memory, they were asked to rate the level of emotionality that 
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they felt while thinking about it in the scanner. For each strategy, they were asked to rate 

the effectiveness and difficulty of using that strategy to change their mood while in the 

scanner. Similar to the interview session, mood ratings were taken at the beginning and 

end of the scan session. Three of the 13 participants reported an increase in sadness of 

two scale points or greater, and a preplanned mood improvement protocol was followed 

in those cases (e.g., listening to music, making a plan for going out to dinner). 

3.2.2.5 Follow-up 

Following the scan session, the participants completed one more week of 

experience sampling and two more online survey batteries: 1 week later and 4 weeks 

later. The final online survey contained additional questions designed to assess the 

impact of the scanner experience. Participants were asked to rate the frequency with 

which they use their strategies (the original eight which they listed during the 

interview), the difficulty of using them, and their efficacy. They were also asked to rate 

the importance of the experience in the scanner using a modified version of the 

Centrality of Events Scale (Berntsen & Rubin, 2006). Finally, they were asked to answer a 

few open-ended questions that encouraged them to reflect on their experiences. 

After the final 4-week follow-up survey was completed, participants were 

notified that their participation was complete and were mailed a check with their study 

compensation. Approximately 6-8 weeks later they were recontacted and asked to 

answer some additional questions about their experience in the study by phone. The 
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purpose of this phone call was to collect event narratives of the scanner experience along 

with another experience that occurred around the same time for the purposes of 

comparison of episodic detail. Separate experimenters (Lee Gans & Laura Lerebours) 

conducted these phone calls and analyses of these data will not be included here.  

3.3 Results and Discussion  

This study focused on a subset of hypotheses within a larger grant project. The 

primary hypothesis for this dissertation was that the experience of receiving real-time 

neurofeedback during cognitive strategy use in the scanner would alter participants’ 

beliefs in the efficacy of their strategies and potentially increase the frequency with 

which they use the strategies in daily life, with implications for mood and well-being.  

This hypothesis was explored across three sources of data: questionnaires, experience 

sampling, and neurofeedback data. Full description of the functional neuroimaging 

results is not included here. Due to the small sample size, and strong a priori hypotheses, 

one-tailed significance tests were performed where appropriate.  

3.3.1 Questionnaire data  

The questionnaires that comprised the three online surveys were scored with the 

assistance of two undergraduate research assistants in the Strauman and Adcock labs 

(Kali Shuklapper and Sonali Biswas). We found considerable variation in reported 

depression symptoms at beginning of the study. On average, the sample was 

characterized by mild depression at baseline: the mean PHQ-9 score at the phone screen 
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was 8.2 (mild depression > 5; range: 1-18), and the mean BDI-II score in the first 

questionnaire battery was 16 (mild depression > 14; range: 0-30). 

Summary scores for each of the questionnaires were entered as the dependent 

measure in a univariate repeated-measures ANOVA with time (baseline, 1-week post 

scan, 4-week post scan) as the within-subjects factor. The only questionnaire measure 

found to differ significantly across time was self-efficacy, F(2,11) = 3.74, p < .05. Post hoc 

tests revealed that mean self-efficacy significantly increased from baseline to 1-week 

post scan, t(1,12) = 2.83, p <.05, and then decreased again 4-weeks post scan, t(1,12) = – 

2.36, p < .05. Self-efficacy did not differ between baseline and 4-week follow-up, t(1,12) = 

-.37, p > .7. Thus, we observed a temporary increase in self-efficacy after the scan, but 

this increase did not persist to the next measurement timepoint three weeks later. No 

significant differences were observed for any of the other questionnaire measures across 

the study.  

3.3.2 ESM data  

The primary measure of interest with the ESM data was strategy use across time. 

Participants were asked eight times/day to indicate whether they had used any of the 

strategies they had learned in therapy since the last call and also rated their current 

mood, cognitions, situational factors, and physical functioning.  

To assess each participant’s frequency of strategy use, a frequency score was 

computed for each week by dividing the number of strategies reported by the number of 



 

 113 

survey responses for that week. Reported strategy use was lower than expected. Three 

participants reported no strategy use across the entire three weeks of experience 

sampling, and of the remaining 10, 70% reported using fewer than 10 strategies across 

the sampling period. This low reporting may reflect two primary factors: 1) the time 

elapsed since the end of therapy, and 2) the wording of the survey item. The first factor 

can be accounted for statistically: time elapsed in months was marginally correlated 

with frequency of strategy use (Pearson’s r = -.4, one-tailed p < .1), and as such it was 

entered into subsequent analyses as a covariate. The second factor, however, is an 

artifact of the study design and thus cannot be corrected post hoc. The “strategy use” 

survey item asked participants to report if they had used “any of the strategies learned 

in therapy” since the last phone call. However, in the interview session and scan session, 

participants were permitted to use strategies that they had learned either in or outside of 

therapy, including strategies they had picked up on their own. Had the wording of the 

ESM survey item been more general to include any strategies (not just those learned in 

therapy), the reported frequency may have been higher.  

Strategy frequency was subjected to a repeated measures ANCOVA with week 

(1-3) as a within-subject variable and months elapsed since therapy as a covariate. There 

was no main effect of week on reported strategy use, F(2,10)= .67, p > .5, and no 

significant week x time-elapsed interaction, F(2,10) = .62, p > .5. Thus, frequency of 

strategy use did not appear to differ across the three weeks of experience sampling.  
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Analysis of the remainder of the ESM data required a multi-level model suited 

for the analysis of intensive longitudinal data (Bolger & Laurenceau, 2013). With a 

sample size of 12, statistical power was limited to detect effects in such a model (Maas & 

Hox, 2005), thus the results of the subsequent analyses should be interpreted with 

caution. To prepare the data for such an analysis, summary scores were calculated by 

combining mood items 1-5 into a “Positive Affect” composite, mood items 6-12 into a 

“Negative Affect” composite, and cognition items 1-3 into a “Cognition” composite 

(with higher scores representing more positive thoughts). The data were grouped into 

weeks (1,2,3) and were analyzed in reference to the hypothesis that negative affect 

should decrease while positive affect and cognition scores should increase over time, 

particularly from week 2 to week 3, which represent the weeks directly before and after 

the scan session. Three separate models were run, with each of the three scale scores as 

the dependent variable. Each of these models included an autoregressive covariance 

structure, which takes into account that observations taken close in time to one another 

tend to be correlated, and that correlation declines exponentially with temporal distance.  

For negative affect, the initial group level was 2.21 on a scale from 1-7 (with 7 

indicating high endorsement of negative affect), and the typical change across time 

(fixed effect) was -.02 (non-significant; t = -.33, p = .75). This means that there was no 

significant change in negative affect across time for the group as a whole. Looking at the 

between-person (random) effects, the intercept variance (.80) was significant (Z = 2.21, p 
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< .05) and corresponds to a SD of .89, meaning that 95% of the population intercepts vary 

between +/- 1.8 of the typical intercept for the group. However, the slope variance was 

considerably smaller (.03) and not statistically significant (Z = 1.53, p >.1); this variance 

corresponds to an SD of .18, meaning that 95% of the population vary between .36 units 

of the typical slope for the group. These patterns are evident by visual inspection of the 

data depicted in Figure 13. The group level (fixed-effect) slopes for each week are 

depicted in the bolded line, and the thin lines represent model-based estimates of the 

growth patterns for each person in each week. As can be seen from the figure, the 

individual intercepts vary from the group mean (and each other) widely, whereas the 

slopes do not differ from one another at a level that reaches statistical significance.  

The models for positive affect and cognition scores revealed a similar pattern. 

Each showed a non-significant fixed effect of change over time (positive affect =.02, t = -

.28, p > .7; cognition = -.02, t = -.38, p > .7), and significant between-participant differences 

in intercept (positive affect: 1.81, Z = 2.29, p < .05; cognition: .94, Z = 2.29, p < .05) but not 

slope (positive affect: .03, Z = 1.18 p > .2; cognition = .01, Z = 1.04, p > .2). Thus, while 

individuals in the sample differed in their daily reported levels of negative affect, 

positive affect, and cognition, these reports did not change significantly across the three 

weeks of experience sampling, nor did the slope of change across time vary significantly 

across individuals.  
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Figure 13: Spaghetti plot of average (thick) and subject-specific (thin) 
regression lines for ESM negative affect by week 

3.3.4 Neurofeedback data  

The imaging protocol was designed to generate two types of data. The first, and 

most relevant to the study hypotheses, was the neurofeedback signal generated while 

participants were in the scanner. The neurofeedback presented to participants was 

derived from the observed activity in each participant’s ACC ROI. However, for the 

purposes of analysis, it can be treated separately from the rest of the imaging data as it 

provides for each participant an auto-biological measure of mood regulation success vs. 

failure, which may be distinct from the neural dynamics that generated the feedback 

signal.   
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The neurofeedback signals shown after memory recall (hereafter memory feedback, 

calculated as activation during the memory phase minus activation during the count 

phase) were considered separately from signals shown after strategy use (hereafter 

strategy feedback, calculated as activation during the strategy phase minus activation 

during the memory phase). Strategy feedback is of primary interest, as our goal was to 

demonstrate to participants the efficacy of their cognitive strategies for regulating 

emotion. The memory feedback, therefore, served the purpose of providing a visual 

representation of emotional experiencing that could then be changed through strategy 

use. The expected direction of memory neurofeedback was positive (normalized from 0 

to 1), depicting increased ACC ROI activation as each participant recalled a stressful or 

emotional event. In contrast, the expected direction of strategy neurofeedback was 

negative (normalized from 0 to -1), depicting the relative efficacy of each participant’s 

specific cognitive strategy for down-regulating ACC ROI activation. Considerable trial-

by-trial variation was observed in the strength of both feedback signals across 

participants. This was both expected and intended, as we hoped to provide a feedback 

signal to participants that corresponded to their subjective experience on each trial, 

rather than being uniformly high or low across all trials.  

3.3.4.1 Correlations between average neurofeedback received and ratings 

To measure the correspondence between the feedback received on each trial and 

participants’ subjective experience, we computed within-subject correlations between 
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memory feedback values and ratings of emotional experience on each trial (measured 

post-scan on a 5-point Likert-type scale ranging from very low to very high). Across all 

subjects, correlation coefficients ranged from strongly positive, r = .61, to slightly 

negative, r = -.07, and were, on average, significantly greater than 0 (mean = .18, t = 2.09, 

p < .05). Collapsing across all trials, average memory feedback and emotional experience 

ratings did not correlate across subjects, r = -.03, p = .45. However, a correlation was 

obtained between average memory feedback and detail ratings made at baseline, r = - 

.640, p < .01. Somewhat unexpectedly, this correlation is negative, suggesting that 

participants who rated their memories and worries as less detailed during the interview 

saw stronger neurofeedback signals when recalling those stimuli in the scanner. This 

correlation may be due, at least in part, to the tendency of patients with depression to 

report overly general memories (Williams et al., 2007). 

In contrast to memory stimuli, which were each shown only once for a total of 20 

trials, 3-4 of each participant’s cognitive strategies were pseudo-randomly paired with 

memories across the trial, meaning that each individual strategy was used 

approximately five times for participants who completed all five task runs. Thus, to 

measure the correspondence between the strategy feedback and participants’ subjective 

experience, we correlated the average feedback signal received for each strategy with its 

efficacy rating (measured post scan on a 7-point Likert-type scale ranging from very 

ineffective to very effective). Post-scan strategy ratings were negatively correlated with 
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the average strategy feedback received, r = -.58, p < .05 (Figure 14); in other words, 

subjects who received stronger strategy feedback signals (stronger is more negative, in 

this case) rated their strategies as more effective during the scan. 

  

Figure 14: Scatterplot depicting correlation between average strategy 
neurofeedback and efficacy ratings post-scan 

The correlation between strategy neurofeedback and post-scan efficacy ratings 

constitutes a valuable manipulation check, as it suggests that the subjective experience 

of strategy efficacy during the scan session was closely aligned with the neurofeedback 

signal associated with strategy use. However, this correlation could represent mere 

reporting of the neurofeedback values from memory, as opposed to actual 

correspondence with the subjective feeling of efficacy. Once piece of evidence against 

this suggestion is the lack of correlation between memory feedback and emotionality 

ratings. If memory of the neurofeedback signals were driving post-scan ratings, we 

would expect the correspondence with post-scan ratings to be equally high across both 
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memory and strategy neurofeedback (rather, these two correlations differ at trend level; 

Steiger’s Z = 1.59, p < .1).  

A stronger test of the correspondence between strategy neurofeedback and 

efficacy can be achieved by comparing strategy neurofeedback signals to efficacy ratings 

at a different timepoint, thus reducing the likelihood that any correspondence reflects 

merely memory of the neurofeedback signal. In the final questionnaire battery, 4-weeks 

after the scan, participants rated the frequency, efficacy, and difficulty of strategy use in 

the weeks since the scan session. Ratings were obtained at 4-week follow up for all 

strategies originally listed during the interview session, half of which were not used in 

the scanner. Thus, by comparing ratings of the strategies collected at the interview 

session (baseline) to those collected at the 4-week follow-up (follow-up), we can look for 

changes in ratings for strategies used in the scanner (used) and strategies that were not 

used (unused).4 Due to a technical error, follow-up strategy ratings were not obtained for 

one subject, leaving a sample size of 12 participants for all the follow-up analyses 

reported here.  

                                                        

4 As a reminder, strategies were not randomly assigned to be used or not used in the scanner. During the 
interview session, participants were encouraged to list 3-4 strategies that were purely cognitive (i.e., could 
be used in the scanner without requiring movement or inducing changes in respiration). No restriction was 
placed on the remaining 4-5 strategies listed, meaning that the strategies that were not used in the scanner 
tended to be more behavioral (e.g., exercise, calling a friend) as opposed to cognitive in nature.  
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Figure 15: Scatterplot depicting correlations between average strategy 
neurofeedback, frequency ratings (left panel) and efficacy ratings (right panel), four 

weeks after the scan session 

Encouragingly, average strategy feedback correlated with frequency ratings, r = -

.5, p < .05, and efficacy ratings, r = -.52, p < .05, at follow-up (Figure 15). In other words, 

the strong correspondence between average strategy feedback and efficacy ratings 

observed in the post-scan ratings persisted four weeks after the scan session and was 

also reflected in an increased frequency of reported strategy use. Importantly, average 

feedback values were unrelated to follow-up frequency and efficacy ratings for 

strategies not used in the scanner. The correlation coefficient for average strategy 

feedback and unused frequency ratings, r = -.28, p >.2, was not statistically significant, 

and was not statistically different from the correlation with used frequency ratings, 

Steiger’s Z = -.49, p = .3. The correlation between average strategy feedback and unused 

efficacy ratings, r = -.20, p >.2, was non-significant and differed from the correlation with 

used efficacy ratings at trend level, Steiger’s Z = -.13, p < .1. 
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Figure 16: Boxplots depicting distribution of strategy neurofeedback values by 
efficacy ratings (left panel) or difficulty ratings (right panel) post-scan 

To examine whether the same pattern held on a per-strategy (as opposed to per-

subject) basis, the feedback and ratings were collapsed across all subjects for a total 

sample of 44 strategies. Individual strategies that were associated with a larger feedback 

signal were rated as more effective, r = -.31, p < .05, and easier to use, r = -.35, p < .01, on 

the day of the scan, again constituting a robust manipulation check (Figure 16). At 

follow-up, strategies that were associated with a larger feedback signal were rated as 

more effective, r = -.26, p < .05, and easier to use, r = -.33, p < .01, four weeks after the scan 

(Figure 17). Importantly, feedback values and frequency or efficacy ratings at baseline 

were unrelated. The correlation coefficient for strategy feedback and baseline frequency 

ratings, r = -.08, p > .2, was non-significant and statistically different from the coefficient 

with follow-up frequency ratings, Steiger’s Z = 1.74, p < .05. The correlation coefficient 

for strategy feedback and baseline efficacy ratings, r = -.12, p >.2, was non-significant and 
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statistically different from the coefficient with follow-up efficacy ratings, Steiger’s Z = 

2.12, p < .05. Thus, feedback values appear to be uniquely correlated with follow-up, but 

not baseline, efficacy and frequency ratings.  

 

Figure 17: Boxplots depicting distribution of strategy neurofeedback values by 
frequency ratings (left panel) or efficacy ratings (right panel) four weeks after the 

scan session 

3.3.3.2 Comparison of Strategies Used vs. Not Used 

Taken together, these results suggest that the experience of using strategies in the 

scanner and observing the associated feedback signal affected ratings of strategy efficacy 

immediately after the scan, as well as ratings of efficacy and frequency of use 4 weeks 

after the scan session. This pattern was not observed for the strategies that were not 

used in the scanner. While the assignment of strategies to be used vs. not used was not 

random (see footnote 4), the strategies in the two groups did not differ on average 

ratings of frequency, efficacy or difficulty at baseline or at follow-up (univariate tests in 

repeated measures ANOVA, all ps > .2). 
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The neurofeedback experience also appears to have altered the relationship 

between baseline and follow-up ratings for strategies used in the scanner but not for 

those unused. At the subject level, for strategies not used in the scanner a baseline and 

follow-up efficacy ratings correlated highly, r = .60, p < .05. However, for strategies used 

the scanner, the correlation between baseline and follow-up efficacy ratings was not 

significant, r = .13, p >.3. The correlation coefficients between baseline and follow-up 

efficacy ratings for unused and used strategies differed at the trend level, Steiger’s Z = 

2.11, p < .1. Similarly, for strategies not used in the scanner, a statistically significant 

correlation was obtained between baseline and follow-up frequency ratings, r = .70, p < 

.01. The correlation between baseline and follow-up frequency ratings for strategies used 

in the scanner was only marginally significant, r = .41, p < .1. The correlation coefficients 

between baseline and follow-up frequency ratings for used and unused strategies were 

not significantly different, Steiger’s Z = -1.05, p > .1. 

An exploratory look at correlations across these measures suggested associations 

between feedback values and strategy ratings at follow-up, but not at baseline. 

However, a more robust statistical test of these associations should take into account the 

nested structure of these data (i.e., strategies and ratings are nested within subject). 

Multilevel modeling for repeated measures allows for the incorporation of nested 

structure into a statistical model, with observations at the lower level and participants at 

the upper level. With a sample size of 13, statistical power was limited to detect effects 
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in such a model (Maas & Hox, 2005), so the results of the subsequent analyses also 

should be interpreted with caution. We also chose to model only fixed effects, rather 

than fixed and random effects, as our number of observations per participant (8 

strategies, 3-4 used) was insufficient to model individual differences in slopes.  

The goal of this exploratory modeling was to test whether the feedback values or 

post-scan efficacy ratings associated with each strategy predicted efficacy or frequency 

ratings at baseline or at follow-up. Both used and unused strategies were entered into 

the model; unused strategies were assigned a 0 value for the neurofeedback and post-

scan efficacy ratings. Four separate models were run, two with efficacy ratings and two 

with frequency ratings as the DV, and either neurofeedback values or post-scan efficacy 

ratings as the predictors. The results of each model are discussed below.  

For the model predicting efficacy ratings from neurofeedback, we hypothesized 

that feedback should be related to efficacy ratings at the follow-up, but not at baseline. 

The fixed effect parameter estimates for this model are shown in Table 3. Table 3.1 

depicts parameter estimates at Time 1 (baseline), and Table 3.2 depicts parameter 

estimates at Time 2 (follow-up). The intercept is the predicted efficacy rating for the 

average subject when feedback equals zero (which is the case for unused trials). Thus, 

for unused trials, the predicted efficacy rating at baseline was 6.05, and the predicted 

efficacy rating at follow-up was 5.26. The coefficient for time tests the difference of those 

intercepts (i.e., do efficacy ratings change across time when feedback equals 0?), and if 
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they differ significantly, t = -3.9, p < .001). That efficacy ratings decreased from baseline 

to follow-up was not surprising: baseline ratings were taken during the interview 

session when participants might have been “primed” to rate their strategies as more 

effective following a week of ESM and a discussion about their therapy experience with 

the experimenter. Follow-up ratings were obtained online 4 weeks after the scan (3 

weeks after the end of ESM) and, thus, were likely free of any priming effects.  

The between-subjects associations between feedback and efficacy ratings are 

analogous to those described in the correlational analyses above (see Figure 14). The 

coefficient labeled Between feedback showed that the between-subjects association 

between feedback and efficacy ratings was not significant at baseline (-.380, t = -.58, p > 

.5), but was significant at follow-up (-1.94, t = -2.84, p < .01). The coefficient for Between 

feedback by Time showed that the difference between these associations at baseline and 

follow-up was marginally significant, t = -1.74, p < .1, suggesting that between subjects, 

feedback was more strongly associated with efficacy ratings at follow-up than at 

baseline. 
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Table 3: Fixed effects parameter estimates for multilevel model of efficacy 
ratings at baseline (3.1) and follow-up (3.2) as a function of strategy neurofeedback 

The within-subject association between feedback and efficacy ratings were the 

focus of the multi-level model, as these cannot be accurately estimated without taking 

into account the nested nature of the data. The coefficient labeled Within feedback showed 

that the within-subject (i.e. strategy-by-strategy) association between feedback and 

efficacy was not significant at baseline (-.06, t = -.1, p > .9), but was significant at follow-

up (-1.70, t = -2.53, p < .05). The coefficient for Within feedback by Time showed that the 

3.1 Baseline Efficacy Ratings 95% CI 

Fixed effects (intercept, slopes) Estimate (SE) t p Lower Upper 

Intercept 6.05 .21 8.8 <.001 5.62 6.48 

Time .786 .20 -3.9 < .001 -1.18 -.387 

Between feedback -.380 .65 -.583 .560 -1.66 .903 

Between feedback by Time -1.56 .90 -1.74 .084 -3.32 .212 

Within feedback -.061 .62 -.098 .922 -1.29 1.16 

Within feedback by Time  -1.64 .88 -1.86 .065 -3.38 .103 
 
3.2. Follow-up Efficacy Ratings 95% CI 

Fixed effects (intercept, slopes) Estimate (SE) t p Lower Upper 

Intercept 5.26 .22 4.4 <.001 4.82 5.71 

Time .786 .202 3.9 < .001 .39 1.19 

Between feedback -.1.94 .68 2.84 .005 -3.28 -.59 

Between feedback by Time 1.56 .90 .74 .084 -.212 3.32 

Within feedback -1.70 .67 2.53 .012 -3.02 -.37 

Within feedback by Time  1.64 .88 1.86 .065 -.103 3.38 
Note: N = 13 persons, 2 timepoints, total of 208 observations. Due to the small sample 
size, we took a liberal approach to specifying degrees of freedom, based on the number 
of observations rather than the number of subjects. All p-values are two-tailed. 
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difference between these associations at baseline and follow-up was marginally 

significant, t = -1.86, p < .1, suggesting that on a within-subject basis, feedback was more 

strongly associated with efficacy ratings at follow-up than at baseline. 

The results of the multi-level model predicting efficacy ratings from 

neurofeedback confirmed the findings from the correlational analyses described above. 

At the between-subjects level, subjects who received higher neurofeedback values in the 

scanner rated their strategies as more effective at follow-up, but not at baseline. 

Similarly, at the within-subject level, strategies that were associated with higher 

neurofeedback values in the scanner were rated as more effective at follow-up, but not at 

baseline. 

An identical model was run with frequency ratings as the dependent variable. 

None of the fixed effect parameter estimates reached significance in this model at 

baseline or at follow-up. Finally, both the efficacy and feedback models were repeated 

with post-scan efficacy ratings entered as the predictor instead of feedback ratings. In 

the model predicting efficacy ratings from post-scan efficacy ratings, the coefficient for 

Time was significant, t = 3.49, p < .001, reflecting the above-described decrease in efficacy 

ratings from baseline to follow-up. The between-subjects association between post-scan 

and follow-up ratings was marginal, t = 1.68, p < .1; however, the difference from 

baseline to follow-up in this between-subjects association was not significant, t = 1.39, p > 

.1. In the model predicting frequency ratings from post-scan efficacy ratings, the 
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between-subject association between post-scan efficacy and follow-up frequency ratings 

was significant (.321, t = 2.03, p < .05), and the within-subject association between post-

scan efficacy and follow-up frequency was marginal (.29, t = 1.85, p < .1). However, the 

difference from baseline to follow-up was not statistically significant in either the 

between-subject association, t = 1.27, p = .21, or the within subject association, t = 1.28, p > 

.2.  

With frequency ratings as the outcome variable, post-scan efficacy ratings proved 

to be a more statistically robust predictor than neurofeedback. The results of the multi-

level model predicting frequency ratings from post-scan efficacy ratings suggested that 

at the between-subjects level, subjects who rated their strategies as more effective post-

scan reported a higher frequency of use at follow-up, but not at baseline, although the 

difference between the between-subjects associations at baseline and follow-up did not 

reach significance. Similarly, at the within-subject level, strategies that were rated as 

more effective post-scan were rated as more likely to be used at follow-up, but not at 

baseline, although the difference between the within-subject associations at baseline and 

follow-up did not reach significance. 

3.4 Conclusions 

Our central hypothesis was that the experience of using cognitive strategies in 

the scanner and receiving feedback regarding the impact of those strategies on mood-

relevant brain activation would increase participants’ belief in the efficacy of those 
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strategies and their tendency to use those strategies after the scan. A secondary 

hypothesis was that the scanner experience may also be associated with improvements 

in mood or affective functioning. Both hypotheses were partially supported by the data 

collected in at least one of three modalities: experience sampling, questionnaires, and 

strategy ratings.  

Associations between strategy ratings at baseline and follow-up and the 

neurofeedback obtained in the scanner provides the clearest confirmation of our 

hypothesis. At both the between-subjects and within-subject level, neurofeedback was 

associated with higher efficacy ratings four weeks after the scan. Ratings of strategy 

efficacy obtained immediately after the scan were associated with higher frequency 

ratings four weeks later. In contrast, neither of these scan measures were significantly 

associated with baseline efficacy or frequency ratings, suggesting that the experience of 

using strategies in the scanner altered participants’ beliefs in their efficacy and increased 

their self-reported frequency of use four weeks after the scan. The finding that efficacy 

beliefs and frequency ratings changed over a temporal delay suggests that the scan 

session was a powerful learning experience with effects that generalized considerably 

beyond the learning context itself.    

The experience sampling data revealed no changes in frequency of reported 

strategy use or mood/affective functioning before or after the scan session. The fact that 

we found no significant pattern of change in mood is unsurprising, given the significant 
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inter-individual variability in the negative affect, positive affect, and cognition scores 

collected via experience sampling. The lack of change in frequency of strategy use 

reported in the ESM data was also unsurprising, given the low rate of reported strategy 

use at baseline (perhaps due to the wording of the survey item).  

The questionnaire data revealed only one significant pattern of change across the 

course of the study: self-efficacy scores increased temporarily from baseline to 1-week 

post scan; by the 4-week follow-up, scores had returned to baseline. Self-efficacy theory 

predicts that any experience that increases an individual’s belief in their ability to 

control an outcome will boost self-efficacy. Interestingly, a fairly specific experience 

(demonstrating the ability to control one’s own brain activity with cognitive strategies) 

boosted self-efficacy measured broadly, with the standard 10-item questionnaire with 

items like “I can usually handle whatever comes my way.” Furthermore, the boost in 

self-efficacy ratings was observed 1-week after the scan session, suggesting that self-

efficacy beliefs generalized beyond the context of the scan session.  

The questionnaire data did not reveal any patterns of change in mood pre- to 

post-scan. Again, this is perhaps unsurprising given the small sample size and 

significant variability in mood scores as measured by the BDI (range: 0-30) and the PHQ-

9 (range:1-18) at baseline. However, two previous rtfMRI studies with patients with 

depression (Linden et al., 2012; Young et al., 2014) found that neurofeedback training 

resulted in significant improvements in mood. What explains the lack of a similar mood 
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effect in the current study? Both tasks employed by the prior authors were intended to 

increase neural activation in response to positive thoughts; thus, these tasks likely 

served as a positive mood induction. Our scanner task, on the other hand, asked 

participants to do the opposite: i.e., to recall negative autobiographical memories to 

induce a negative mood in the scanner. Thus, the lack of mood improvement in the 

current study may be partly attributable to the nature of our task.  

The timing of measurement of mood may offer an additional clue. Young and 

colleagues (2014) showed improved mood and decreased anxiety ratings after the scan, 

but their mood ratings were taken immediately afterwards, whereas in the current study 

the post-scan mood ratings were obtained 1 week after the scan session.5 In other words, 

it is not surprising that Young and colleagues found a change in mood scores 

immediately after their participants learned to successfully regulate brain activity by 

dwelling on positive memories. Linden and colleagues (2012), using a similar positive-

imagery task, found clinically-significant changes in HDRS scores following 

neurofeedback training. Improved mood was found after four neurofeedback training 

sessions, spaced 1-2 weeks apart, and the final HDRS score was obtained immediately 

following the fourth training session. Participants in the study by Linden and colleagues 

                                                        

5 We did assess mood informally before and after the scan to assess the need for a mood-improvement, and 
only 3 of 13 participants reported an increase in sadness of two scale points or greater, suggesting that 
subjects were not made uniformly sad by our scan procedure, despite the negative mood-inducing nature of 
the task. 
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received a much higher “dose” of neurofeedback training than in the current 

investigation, which consisted of only a single rtfMRI scan session.  

The results reported here represent a test of only a subset of the full set of study 

hypotheses: analysis of the neuroimaging data are ongoing and may provide further 

clues as to the mechanisms of learning during the scan session that affect efficacy beliefs 

and frequency ratings long-term. As noted earlier, all of the conclusions stated here are 

tentative given the absence of a control group and the small sample size. In addition, the 

fact that we found an association between the scan experience and retrospective self-

report frequency ratings, rather than in moment-to-moment assessment of frequency 

(i.e., the ESM data) attenuates the strength of our conclusions, as it could reflect a 

reporting bias rather than actual frequency of use. With these caveats, in mind, however, 

we believe this study serves as an initial proof-of-concept of 1) the feasibility of 

providing ACC neurofeedback associated with the use of cognitive strategies learned in 

therapy or elsewhere to participants with a history of depression, and 2) the experience 

of viewing neurofeedback associated with strategy use has the potential to change 

participant beliefs in the efficacy of those strategies and their frequency of use long-term.  

Future iterations of this study should include a larger sample size and a 

matched-control group. Multiple options exist for such a control group, including a no-

neurofeedback control (as in Linden et al., 2012) or receiving neurofeedback from a 

cortical region not ostensibly involved in the task or in mood regulation per se (as in 
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Young et al., 2014). To address the questions posed by this dissertation more fully, an 

“information-only” control group should also be included to test one of the core 

hypotheses of self-efficacy theory—that demonstrating controllability is more effective 

than merely learning about it. An information-only control might be told about the 

results of previous rtfMRI studies, in which other patients learn to control their brain 

activity and then be informed of their own putative ability to do the same. The effects of 

learning about neurofeedback training could then be assessed independently from the 

effects of both learning and demonstration.   

The subjective experience of our participants speaks to the importance of such an 

active demonstration experience. Participants were asked to reflect on the experience 

immediately after the scan and in the follow-up survey. Even four weeks after the scan, 

participants wrote about feeling more “in control,” “empowered,” and having “more 

courage” as a result of their participation. Indeed, two stated that the scan “showed how 

effective my strategies are” and that “I had the power to change my mood 

dramatically.” One participant even created a new catchphrase after the experience: 

“Mind over Mood works for Me!” These responses are encouraging in what they 

suggest about the power of neurofeedback to alter beliefs about auto-biology. My 

sincere hope is that future studies will continue to use this technology for similar 

“neuro-educational” purposes.  
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4. Chapter 4. The promise (and challenge) of auto-
biology research for mental health 

How people think about their own biology is an important yet understudied 

topic, particularly when considered in relation to mental health. A review of existing 

research on the impact of biological explanations for mental disorders reveals that 

biological explanations can be harmful, increasing stigma and prognostic pessimism in 

patients and the general public alike (Haslam & Kvaale, 2015; Lebowitz, 2014). In this 

dissertation, I set out to investigate this phenomenon and explore alternative ways of 

presenting auto-biological information that is both more accurate and optimistic. In 

Chapter 1, I introduced an attributional model for framing the biology of mental illness 

to encourage attributions of internality, instability, and controllability. I hypothesized 

that a prospective biological frame should also encourage self-efficacy, with consequences 

for treatment seeking and motivation. Finally, I proposed potential strategies for 

changing the biological messages currently conveyed about mental illness and 

disseminating more accurate messages through currently existing psychoeducational 

protocols or reattribution interventions.  

In two studies, I explored potential techniques for reattribution—applied to 

different populations and through different methods—and looked for evidence of 

behavioral change associated with auto-biological beliefs. In Chapter 2, healthy 

undergraduate participants were taught about the role of threat-related amygdala 
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reactivity in vulnerability for affective disorders and rated themselves on an “amygdala 

bell curve” between runs of a task that measured attentional bias. While a video 

message describing TRA as fixed or malleable did not appear to affect behavior 

differentially between groups, self-rated amygdala reactivity was strongly associated 

with changes in negative attentional bias across runs, as well as with self-reported 

affective symptoms. In Chapter 3, individuals with a history of treatment for depression 

received a real-time fMRI demonstration of the efficacy of their cognitive strategies for 

affecting brain activation as they regulated their mood in the scanner. The strength of 

the neurofeedback signal, on a strategy-by-strategy basis, predicted efficacy and 

frequency ratings for those same strategies at follow-up 4 weeks later, suggesting that 

the experience of receiving real-time neurofeedback in the scanner was a powerful 

learning experience with long-term generalization and persistence.  

The studies represent initial attempts to understand the mechanisms of 

reattribution and the potential for auto-biological information to influence behavior. 

Firm conclusions await replication with larger sample sizes, as well as modifications to 

task design to clarify potential mechanisms of behavioral change. However, taken 

together, the results from these initial proof-of-concept investigations suggest that auto-

biological beliefs are potentially important mediators of behavioral change (Chapter 3), 

and potentially powerful indicators of psychological functioning more broadly (Chapter 

2). In both healthy and patient populations, these studies suggest that auto-biological 
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beliefs matter for mental health and behavior and that our proposed attributional model 

(Figure 1) is worthy of further testing and refinement.  

Some specific conclusions and suggestions for future research deserve mention 

here. The results of Chapter 2 suggest that auto-biological self-ratings may be a reliable 

and revealing form of self-report. In a sample of healthy undergraduates, self-rated 

amygdala reactivity was associated with affective symptom scores across domains (i.e., 

perceived stress, anxiety and depressive symptoms) in a curvilinear manner, such that 

beliefs of auto-biological difference (i.e. distance from average) was a reliable predictor 

of affective distress. Future research should investigate which component of the auto-

biological self-rating (e.g., the inclusion of biology, the social comparison aspect) was 

most crucial for the correlation with affective symptoms. Furthermore, we identified a 

subgroup of participants whom we characterized as “underestimators” for their 

tendency to underestimate their own amygdala reactivity and report low centrality of 

emotional events, despite displaying strong negative attentional bias on the task and a 

moderate amount of affective symptoms.  

Future work should clarify the robustness of this subgroup effect. If reliable 

identification of an underestimating subgroup were possible through auto-biological 

ratings, it would be of great interest to researchers who rely on self-report measures as 

their primary index of psychopathology. Mismatches between physiology and self-

report are often attributed to measurement error or to weak biological prediction; 
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knowing whether individual differences in the tendency to under-report affective 

experience could partially account for mismatch in such cases would be quite useful.  

Self-rated amygdala reactivity also appeared to matter more for negative 

attentional bias on this task than did actual biology. This could be due to sample 

characteristics (mostly-healthy undergraduates) but could also have been a consequence 

of task idiosyncrasies that prevented precise measurement of relevant cognitive 

processes. Study 1 should be repeated with variations that include: 1) assessing only 

negative bias (since there was much more across-subjects variance in negative compared 

to positive attentional bias), 2) including a neutral-neutral trial type as a control (see 

Koster et al., 2004), which could help dissociate patterns of vigilance and avoidance of 

emotional stimuli, and 3) varying the presentation duration of the faces to capture 

differences in early (automatic) vs. later (more effortful) processing of negative faces 

more effectively. Finally, the order of task components should be varied to determine 

whether the observed relationship between self-rated amygdala reactivity and baseline 

attentional bias is epiphenomenal or causal (i.e., whether self-ratings were made in 

reaction to attentional bias displayed in the first run). With these modifications, we 

could make a clearer causal argument about the role of auto-biological beliefs in 

attentional bias, as well as contribute to the growing literature on the mechanism of 

attentional bias and its role in psychopathology (e.g., Cisler & Koster, 2010). 
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Chapter 3 provided a proof-of-concept that real-time fMRI neurofeedback can be 

a powerful learning tool, demonstrating to individuals that their thoughts can influence 

their biology. Expanding upon previous work (Adcock et al., 2005), we found evidence 

that receiving real-time neurofeedback while using cognitive strategies in the scanner 

affected patient beliefs in the efficacy of those strategies and their frequency of use at 4-

week follow-up. The results suggest that follow-up ratings were affected for those 

strategies used in the scanner, but not for those which were not used, suggesting that 

specific learning occurred during the scan session. However, we did not see any 

evidence of long-term change in symptoms or other personality or quality-of-life self-

report measures (we did observe a short-term increase in self-efficacy, but this did not 

persist at follow-up). The neurofeedback experience may be specific to the cognitive 

strategies and did not affect beliefs or cognition more broadly. However, informal 

evaluation of the open-ended responses from participants suggests that broader auto-

biological lessons were gleaned from the experience. Thus, perhaps our measures were 

not specific or sensitive enough to pick up these broader cognitive changes, which 

deserve to be the focus of future analyses. 

Future iterations of Study 2 should include a larger sample size and a control 

group. Ideally, the control group should have an identical experience to the 

experimental group, including an fMRI scan, with the only difference being the absence 

of neurofeedback (or the use of a visual control, or feedback from another brain region 
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(see MacInnes, Dickerson, Chen, & Adcock, 2016 for examples of possible neurofeedback 

controls). Study 2 should also be replicated with different patient populations; early 

evidence suggested success of a similar neurofeedback intervention in OCD (Adcock et 

al., 2005), and the same change mechanisms should apply trans-diagnostically. Ideally, 

future real-time fMRI investigations of cognitive strategies should be done in 

conjunction with a cognitive therapy experience. Providing patients with neurofeedback 

associated with strategy use during a course of cognitive therapy could potentially boost 

the efficacy of the therapy, with implications for mood and remission rates long-term. 

The early literature on attribution and self-efficacy reviewed in Chapter 1 would 

certainly support the notion that demonstrating to therapy patients the power of 

cognitive strategies to change their brain activity would be more effective than simply 

telling them about neuroplasticity during a therapy session. Providing patients with 

more hopeful and accurate messages about their biology is an important first step, but 

providing an active demonstration of a patient’s ability to affect auto-biological change 

is the “holy grail” for these research efforts.  

Taken together, the studies included in this dissertation raise potentially valuable 

questions about the mechanisms of auto-biological reattribution that should be explored 

in future research. Efforts should be made to devise a questionnaire that captures change 

in specific auto-biological beliefs; lacking such a measure, we used proxies (e.g., the 

Dualism scale, the Stress Mindset Measure) that were not sensitive nor specific enough 
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to show meaningful differences in either study. Two aspects of auto-biological beliefs 

emerged as particularly relevant in these studies: beliefs of auto-biological difference 

(Chapter 2) and auto-biological controllability (Chapter 3).  

A third aspect of auto-biological beliefs that was not adequately explored here 

(but is of attributional relevance) is how individuals identify with their biology. Does it 

matter if we think of ourselves as distinct from our biology, or intimately linked to it 

(i.e., an external vs. internal attribution)? Data collection is ongoing on a project 

addressing this question, in collaboration with Dr. Julia Woodward at the Duke Fertility 

Center. We have developed a 12-item questionnaire that is offered to all women who 

apply to serve as egg donors at the clinic. The items assess the degree to which a woman 

feels attached or connected to her eggs. Our hypothesis is that women who volunteer to 

be egg donors will report significantly less attachment to their eggs compared to a 

matched group of control women who are not considering egg donation. This study is 

an example of a specific investigation that could shed light on the broader question of 

whether the degree to which we integrate our biology into our identity matters for 

behavior. 

The conclusion I hope the reader will draw from this dissertation is that auto-

biological beliefs represent an area of promise, as well as challenge, for the field of 

mental health research. I have reviewed initial evidence from this dissertation and 

others (e.g., Lebowitz et al., 2013) that suggests that auto-biological information, if 
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presented thoughtfully and accurately, has the potential to benefit mental health and 

deserves future research. Investigations on this topic are limited, and almost non-

existent in patient populations. Thus, while research into the best way to present auto-

biological information continues, the conveyance of such information to patients and 

participants must be approached with caution. For now, the burden lies on clinicians 

and researchers to balance the potential benefits of biological communication with the 

potential harm that could be wrought from a premature or misdirected statement. 

Indeed, biological explanations can potentially harm beliefs relevant to treatment 

seeking and adherence (Haslam & Kvaale, 2015). Furthermore, the current political 

landscape is increasingly characterized by scientific skepticism towards climate change 

and other socially-relevant issues (Dunlap, 2013). Biological messages that are not 

thoughtfully communicated could be met with resistance or even denial. To combat this 

possibility, researchers and clinicians are encouraged to consult the work of the 

Frameworks Institute and other organizations listed in Appendix A for examples of 

successful science communication efforts.  

Questions about the best way to communicate biological information to patients 

will likely be answered with “it depends on the person.” Clinicians who have 

established relationships with patients enjoy an advantage in this regard, as they have 

more information with which they can tailor biological information to the individual. 

The message that biology is not fixed, but is responsive to environment, could be 
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interpreted as encouraging hope for biological change through intervention (whether 

behavioral or pharmacologic). However, the same message, delivered with less 

compassion, could be interpreted as “blaming the patient”—implying that the client’s 

own behavior (or lack thereof) led them to a state of physical or mental distress. 

Considering the current trend towards personalized medicine—with its focus on 

individual biological differences guiding diagnostic and treatment decisions (Hamburg 

& Collins, 2010)—it will be increasingly important for clinicians in mental health and 

medical disciplines to show sensitivity in how they communicate with patients about 

their biology. Anyone in a position of communicating about biology to patients or the 

general public should do their best to pass along accurate information but also consider 

the meaning such a message might have for an individual, regardless of whether the 

person is healthy or in distress. 

The preliminary results presented here provide encouraging evidence for the 

importance of auto-biological beliefs and generate many additional questions to be 

explored in future research. Auto-biological beliefs are poised to gain increasing 

relevance as the field of clinical psychology becomes more biologically informed. This 

broad shift in research and practice deserves accompanying efforts to maximize the 

benefits (and reduce the potential harm) of emerging biological knowledge for the 

patients we serve. I am eager to continue to address this challenge in my future work—
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the foundation of which is presented here—with firm conviction that how we think 

about our own biology matters for mental heath.  
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Appendix A. Resources for Communicating 
Neuroscience Information to General Audiences 
FrameWorks Institute 
The FrameWorks Institute is an independent nonprofit research organization that 
studies how to use scholarly research to frame public discourse about social problems. 
While their overall mission is broader than neuroscience communication, they have 
developed two “toolkits” with relevance to mental health and brain development. These 
toolkits present a set of guidelines for communicating with the public on these issues, 
including talking points, elements of a “Core Story” that can be used to frame the 
discussion, and suggestions for how to answer frequently asked questions.  

Toolkit: Children’s Mental Health: 
http://www.frameworksinstitute.org/toolkits/cmh/  

Toolkit: Early Childhood Development: 
http://www.frameworksinstitute.org/toolkits/ecd/  

 
Center for the Developing Child, Harvard University 
A fantastic set of interactive web features and short videos about the science of early 
childhood development, with a focus on how exposure to stress affects the developing 
brain. These resources were developed as a collaboration between the Center for the 
Developing Child and the FrameWorks Institute, and are intended to facilitate the 
communication of accurate information about the science of brain development to 
general audiences. 

Accessible at: http://developingchild.harvard.edu/resources/  
 
Genetic Science Learning Center, University of Utah 
The Genetic Science Learning Center is an education program that translates science for 
non-experts. There are a number of excellent learning modules available free on their 
website that cover topics ranging from the human microbiome to the genetics of 
addiction. The most relevant module for the current discussion is on epigenetics, and 
includes an interactive activity where you can determine how many “licks” to give an 
infant rat pup and observe the effects on its epigenome.  

Accessible at: http://learn.genetics.utah.edu/content/epigenetics/  
 

National Institute of Mental Health (NIMH) 
 The NIMH website includes a series of “Neuroscience and Psychiatry” teaching 
modules, which present neuroscience research findings and describes their relevance to 
mental health disorders. Each teaching module includes a clinical case example, a video 
explaining the relevant science, and a pre- and post-test to evaluate new knowledge 
acquired. Two modules are currently available on the NIMH website (free), one which 
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focuses on cognitive deficits in schizophrenia, and the other on the neural circuitry of 
fear in anxiety disorders. 

Module 1: Translating Neural Circuits into Novel Therapeutics: 
http://www.nimh.nih.gov/neuroscience-and-psychiatry-module/index.html  

Module 2: Fear/Safety, Anxiety and Anxiety Disorders: 
http://www.nimh.nih.gov/neuroscience-and-psychiatry-module2/index.html  

 
Changing Brains, University of Oregon 
A video program produced by developmental neuroscientist Helen Neville at the 
University of Oregon. Video segments are available free on the website (ranging from 4-
10 minutes in length) describing the basics of neuroplasticity and highlighting the role of 
experience in the development of nine brain systems: vision, hearing, motor skills, 
attention, language, reading, math, music, emotions and learning. A DVD containing the 
full set is also available for purchase on Amazon.com. 

Accessible at: http://changingbrains.org/watch.html 
 

BrainFacts.org, Society for Neuroscience 
BrainFacts.org is a public outreach initiative from the Society for Neuroscience, which 
provides authoritative neuroscience information and resources for educators. It is 
updated regularly, including frequent blog posts, and has a number of useful interactive 
and text-based content that communicates core concepts of neuroscience, along with 
modules specific to sensing, thinking and behaving, diseases and disorders, and 
development.  

Accessible at: http://www.brainfacts.org/about-neuroscience/core-concepts/  
 

Brain Awareness Week 
Sponsored by the DANA foundation, Brain Awareness Week (BAW) is a global 
campaign to increase public awareness about advances in brain research. Every March, 
Universities and other institutions prepare a week-long program of activities designed 
to generate public excitement and interest in brain research and establish connections 
with local communities. The BAW website contains details of events happening during 
the week in communities around the world, as well as tips and resources for institutions 
seeking to host their own events.  

Accessible at: http://www.dana.org/BAW/  
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Appendix B. Video Script 

Below is the full script for the video shown to participants between runs of the 

emotional dot-probe task: 

“Hello! Welcome to our experiment on face processing and emotion. 
Thank you for participating. You have been asked to participate in 
this experiment because you are enrolled in the Duke Neurogenetics 
Study, or DNS for short. As part of the DNS study, you completed a 
task in the MRI scanner in which you had to match pictures of faces, 
some of which were expressing negative emotions such as anger and 
fear. While you were completing that task, we were collecting data 
from an area of your brain called the amygdala. 
 
The amygdala is a small, almond-shaped structure near the center of 
your brain that is responsible for processing emotions, particularly 
those associated with threat (such as anger or fear). We collected 
information on how your amygdala responded to facial expressions 
depicting anger and fear, and then we combined that information 
with a number of other genetic, personality, and cognitive measures 
that we collected. 
 
The reason that we are interested in how your amygdala responds to 
angry and fearful faces is because studies from our lab and others 
have shown that amygdala reactivity is a marker of vulnerability for 
emotional disorders such as depression and anxiety. Furthermore, we 
know that people with a particular genetic profile have higher 
amygdala reactivity. 
 
This graph [Figure 2] shows amygdala reactivity to fearful and angry 
faces in the sample of more than 1000 undergraduates who have 
participated in the DNS study thus far. The higher the bar, the more 
participants are represented. You can see that this graph is in the 
shape of a bell curve, with most students falling in the average range 
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and a few with very low or very high amygdala reactivity. Judging 
from your own sense of yourself, your moods, and your 
responsiveness to emotions, where do you think you fall on this 
graph? We’ll pause briefly now so you can advance to the next page. 
There you can mark clearly, using the slider, where you think your 
own amygdala reactivity falls on this distribution from very low to 
very high.” 

 
The video then paused while participants indicated, using a slider, where they fell on 

the amygdala reactivity distribution depicted in Figure 2. 

“Welcome back. At the beginning of this session, you engaged in a short 
task in which you viewed some faces on the screen and were asked to 
respond to the location of the two dots on each trial. We call this the “dots 
and faces task”. This task was included as a part of the DNS study 
because we know that individuals with greater amygdala reactivity are 
more likely to pay attention to negative emotion faces on this task. Thus, 
this task provides an additional measure of amygdala reactivity and 
sensitivity to negative emotions.”  

 
Participants then received one of the following two messages, depending on 

randomized group assignment, which delivered the main experimental message: 

FIXED MESSAGE: (97 words) “We know from previous research with 
this task that attention to negative emotions is an inborn biological 
response. Individuals who pay more attention to negative emotions on 
this task tend to have a more reactive amygdala, which in turn makes 
them more sensitive and reactive to negative emotions in their daily life. 
This line of research suggests that attention to negative emotions 
represents a biological response that is genetically determined and stable 
across the lifetime. We also know that individuals who attend more to 
negative emotions on this task are more susceptible to stress and 
emotional disorders.”  
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MALLEABLE MESSAGE (97 words): “We know from previous research 
with this task that people can train themselves to be less responsive to 
negative emotions by shifting their attention on this task. This type of 
attention training can result in reduced anxiety in both experimental and 
real-world situations and can reduce the amygdala response to negative 
emotions. This line of research suggests that although attention to 
negative emotions on this task represents a biological response with a 
genetic component, this response is not necessarily stable. Rather, it can 
be changed through practice, thus making individuals less susceptible to 
stress and emotional disorders.” 

 
The video concluded with the following statement for all participants:  

“Alright, that’s all we wanted to tell you. To help us make sure we’ve 
gotten the main points across, please answer the four simple quiz 
questions on the next screen. Then, we’ll have you do one more run of the 
faces and dots task before finishing up. Thank you again for your time 
and attention!”  
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Appendix C. Experience sampling questions 

The survey items below were asked of participants in each experience sampling phone 
call. Unless indicated, participants responded on a scale from 1-7, from “not at all” to 
“very much”.  
 
Please describe what were you thinking at the time of the call. (Open-ended) 
Cognition: 

My thoughts are pleasant. 
I have trouble concentrating. 
I am ruminating. 

Positive Affect: 
I feel happy. 
I feel confident. 
I feel satisfied. 
I feel good about myself. 
I feel like things are going well. 

Negative Affect: 
I feel sad right now. 
My emotions feel out of control right now. 
I feel anxious right now. 
I feel bad about myself right now. 
I feel guilty right now. 
I feel irritable right now. 
I feel overwhelmed right now. 

Physical Functioning: 
I feel tired. 
I feel energetic. 
I don’t feel well. 

Situation: 
My current situation is stressful  
My current situation is positive. 
 

Since the last phone call, have you tried using any of the skills you learned in therapy? 
(Yes/No) 

What skill did you use? (Open ended) 
How helpful was it? (1 = not at all helpful, 7 = very helpful) 
Did you use any other skills? (Yes/No) 
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Appendix D. List of Strategies Used in the Scanner 

CBT-based Imagery 
Checking the facts Thinking about babies I love 
Analyze, don't just feel Think about a pleasant experience 
Examine the evidence. Thoughts of smelling fresh air 
Challenge thought process Remembering fun times with J. 
What else is going on in your life? Concentrate on good memories 
Remember mood is temporary Gazebo storm visualization 
Won't always feel this way Visualize safe place 
Consider your options Think about camp kids 
What is the worst that could happen?  
Realize not up to me to fix it Social supports 
Visualize different outcome Think about those who help & support me  
Perception is not always reality What would J. & T. say or do? 
Consider the other perspective. I am valued and I am loved 
Changing perspective Thinking about J. 
Look at it from other viewpoints Think about my kids 
Why someone does what they do  
 Mindfulness  
Positive focus/distraction Acceptance and go on  
Thinking about things I'm good at Breath awareness 
Mental cheerleader Clear mind of negative thoughts 
Counting the positives in my life Mindful breathing 
Think about accomplishments Do a body scan 
Think positive thoughts The 4 questions 
Think about graduation  
Plan for positive activities  Religion 
Plan an adventure I have God as my guide 
Change focus Ask Mama 
Think about something else Pray 
 It's in God's hands 
Song  
Sing in my head  
Happy feelings song  
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