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1. General Introduction

1.1. Studying motivation to understand behavior

We are constantly making decision on what actions to take. We receive stimuli from
the environment and recognize the present state we are in. Depending on the state we are in
and the goals we have, we decide our next action to execute so as to gain the most from the
environment. How we interpret the environment, the reason why one makes that action within
that environment, could be explained by the concept of motivation (Graham & Weiner, 1996;
Weiner, 1980). The degree of motivation will determine how often we will generate that
action, as shown in the law of effect (Thorndike, 1905).

The reasons why we are motivated will vary according to the gained reward after
successfully executing the task. The incentive of reward varies based on the agents’ state and
how the agents subjectively assign values to the reward. Primary needs like hunger and thirst
will motivate the agent to gain food or water (Hull, 1943). Explicit rewards like money
(Knutson, Fong, Kaiser, Adams, & Hommer, 2000) and social reputation (Bénabou & Tirole,
2006; Izuma, Saito, & Sadato, 2008) will also motivate the agent to engage in behaviors that
will result in gaining them.

Not only the accompanied reward to behavior, but the behavior itself could be a
reward by experiencing the joy of engaging in that action (Ryan & Deci, 2000a). The
incentive could arise by the realization of our goal, like achievement motivation (Atkinson,
1957; 1964) and self-actualization (Maslow, 1943). These factors could be labeled as the
predicted outcome that an agent could receive by successfully executing the necessary

actions.

1.2. Effects of subjective factor to motivation

The predicted outcomes that are externally determined are not the only factors that

will determine our behavior. The relation between tasks and ourselves will also have



influence, as an subjective factor. One example could be the effect of self-determination
(Ryan & Deci, 2000b). This theory states that if an agent is able to freely choose a task from
multiple choices based on their value or interest, performance improves compared to forced
choices (Leotti, Iyengar, & Ochsner, 2010). Effect of self-determination choice has been
shown to effect performance and preference (Patall, Cooper, & Robinson, 2008) in multiple
situations, such as classrooms (Cordova & Lepper, 1996) and for kids and monkeys (Egan,
Santos, & Bloom, 2007).

The fact that an agent could freely chose the task would also affect the processing of
success and failure feedbacks. It has been shown that the not only self-determined choice
resulted in the increase in performance, but self-determined choice resulted in no difference in
the activation to success and failure feedbacks in ventromedial prefrontal cortex (vmPFC),
while failure in forced choice caused a decrease in activation in vmPFC compared to success
(Murayama et al., 2015). This discrimination of choice was not seen in the striatum. Since
there was no difference in task difficulty, the fact that an agent chose that task on their own
affected the processing of feedback and performance.

It is assumed that the subjective relation with the agent and the task will also have
effect on the processing of given feedbacks and the motivation to that task. Of the subjective

relation with tasks, I specifically focus on the concept of self-efficacy.

1.3. Concept of self-efficacy

Albert Bandura proposed the concept of self-efficacy within his social learning theory,
which differentiated the effect of predicted outcome from our subjective belief about our own
ability to succeed in a given task, and theorized that the agents’ decision in engaging in that
behavior will be varied by the belief of ability one has. This belief was defined as self-
efficacy (Bandura, 1977; 1997). For example, the belief that a person has that s/he can pass a

test is the self-efficacy specific to that test. On the other hand, social praise, resulting high



grade at the end of term, and satisfaction that could be gained as a result of passing that test
are included within the predicted outcome.

Bandura have denied the direct relation between the environment and behavior, and
insisted that there is a cognitive factor that will be inserted between them that will affect
behavior (Bandura, 1986). Although outcome expectancy will influence behavior, if an agent
feels doubt in successfully performing that behavior, an agent may not engage in that
behavior in spite of the reward that could be gained. For example, knowing the fact that
studying for test is necessary for a good grade does not always motivate us to study.

The belief of self-efficacy will affect both the initiation and persistence of behavior,
since our decision is influenced by the expectation of our behavior. When an agent is about to
choose what kind of actions to take, self-efficacy will affect this initial choice. If an agent is
provided with choice options that differ in self-efficacy, they will avoid threatening situations
that are surely for them to fail and choose behavior that they feel high in self-efficacy. Self-
efficacy will also affect whether to continue engaging in the same behavior. The amount of
effort and the amount of time spent in the face of obstacles will also be determined by self-

efficacy (Gist & Mitchell, 1992).

1.4. Source of self-efficacy

The degree of self-efficacy to a certain task is affected by 4 factors: actual
performance, vicarious experience, social persuasion, physiological and emotional states
(Bandura, 1977; 1997). Agents use these factors as information about the task to determine
self-efficacy to a certain task. These factors are also used to manipulate self-efficacy within
lab experiments.

Actual performance has the most influence on self-efficacy, since this is the
information that will be gained by direct experience of the task. Success will raise self-

efficacy to a task, and failure will decrease it. The effect of failure will be stronger if it



happens early in experiencing that task. Within lab experiments, making a task that a
participant could never succeed is used to decrease self-efficacy by continuously experience
failure (Smith, Kass, Rotunda, & Schneider, 2006) and the time spent or number of trials that
a participants engage in that task is used as a index of tolerance to failure (I. Brown & Inouye,
1978; Lyman, Prentice-Dunn, Wilson, & Bonfilio, 1984).

Vicarious experience by watching others engage in tasks will also be the source of
self-efficacy. Since we can learn about the task by watching others engaging in that task
(Chang, Winecoff, & Platt, 2011; Hill, Boorman, & Fried, 2016; D. G. Perry & Perry, 1975),
this information could also be used to determine self-efficacy. This will also work in both
ways: viewing a model having difficulty in solving the task will decrease in self-efficacy, and
easy solving will increase self-efficacy (Zimmerman & Ringle, 1981).

Social persuasion another source, which will be the result of verbal persuasion by
others that will harbor self-doubts (Litt, 1988; Schunk, 1989). Although this is an easy
method to influence human behavior, its effect is not strong and does not continue for a long
time, which could be diminished in the face of failure or difficulty.

People will also use their physiological and emotional state to judge their self-
efficacy. Being in a stressful situation will result in high arousal, which will effect our
decisions of self-efficacy (Bandura, Taylor, Williams, Mefford, & Barchas, 1985), as well as
our mood (Cervone, Kopp, Schaumann, & Scott, 1994; Kavanagh & Bower, 1985). How the
intensity of physiological and emotional state will affect self-efficacy depends largely on how
that state is interpreted by that person. If a person views their arousal to a situation as
facilitator of performance, it may result in a higher self-efficacy, while if a person thinks that
their arousal will result in failure, it sill contribute to a lower self-efficacy.

The 4 sources of information of self-efficacy will be integrated, which will be weighed
differently, to determine an agent’s sense of self-efficacy. Since actual experience has the

most influence, the experience of actual mastery within a therapy greatly increased in self-



efficacy compared to vicarious experience, though both treatments showed significant

increase in self-efficacy (Bandura, Adams, & Beyer, 1977).

1.5. Past studies on self-efficacy

Self-efficacy was first introduced as a concept to explain the changes in behavior
within therapy for phobias (Bandura, 1977), such as snake phobias (Bandura et al., 1977,
Bandura, Reese, & Adams, 1982), spider phobias (Bandura et al., 1982; 1985), and height
phobias (Williams & Watson, 1985; Williams, Turner, & Peer, 1985). Low self-efficacy
increased fear arousal and higher self-efficacy increased performance attainments (Bandura et
al., 1982). Treatment of guided mastery based on self-efficacy theory reduced anxiety and
thought of danger and restored behavioral functioning, which was more effective than
desensitization (Williams et al., 1985). The strength of self-efficacy accurately predicted
phobic behaviors compared to perceived danger and anxiety arousal (Williams & Watson,
1985).

Later on, this concept has been shown to have relation with other clinical situations
such as pain control (Bandura, Cioffi, Taylor, & Brouillard, 1988; Litt, 1988), smoking
cessation (Cohn, Strong, Abrantes, & Brown, 2010; John, Meyer, Rumpf, & Hapke, 2004;
O'Leary, 1985), and depression (Bandura, 1997; Maddux & Meier, 1995). Other situations
include sea sickness (Eden & Zuk, 1995) and attempting a new form of back-dive (Feltz,
1982). More over, self-efficacy related to performance at work (Stajkovic & Luthans, 1998)
and performance and motivation in academic settings (Lent, Brown, & Larkin, 1984; Multon,
Brown, & Lent, 1991; Zimmerman, 2000), which were also seen for children challenging
wire puzzles (Zimmerman & Ringle, 1981). Self-efficacy has been researched from multiple

aspects within lab experiment to actual daily behaviors.



1.6. General self-efficacy

Self-efficacy had been theorized to be assigned to each tasks, but there is also
evidence that the experience of mastery that will increase self-efficacy generalizes to other
behaviors other than the actual accomplished behavior (Bandura et al., 1977). It was then
predicted that not only do we possess a sense of self-efficacy to each tasks, but also our past
experiences in variety of situations will result in a general expectation that an individual will
have in new situations. The concept of self-efficacy was expanded to a more general concept,
which could be called as general self-efficacy (GSE), an accumulation of numerous task-
specific self-efficacy (Chen, Gully, Whiteman, & Kilcullen, 2000; Sherer et al., 1982).

Although GSE have been under debate of its relation to task-specific self-efficacy
(Bandura, 1986), GSE have been shown to influence task-specific self-efficacy (Chen et al.,
2000). Since GSE is a generalized concept and is not tied to specific tasks, it will not be
affected by several experience of failure, like task-specific self-efficacy which will be
decreased immediately by experience of failure (Smith et al., 2006). Moreover, it have been
tested in 25 countries and suggested to be a uni-dimensional, universal concept (Scholz,

Gutiérrez Dofa, Sud, & Schwarzer, 2002).

1.7. Self-efficacy and motivation

Self-efficacy is an interesting concept to explain motivation and behavior. When we
predict that an action will result in an incentive that has value to us, we generate that action so
as to receive that incentive. Self-efficacy differentiates the expectation of outcome from the
belief of successful execution that an agent has (Bandura, 1977). If this belief is low, it will
result in an inhibition of behavior although the agent knows that s/he could receive incentive
by executing that action. Inhibition of behavior may result in decrement of performance by
not learning for tests in academic settings and resulting in not gaining that reward (Bandura,

1986).



Self-efficacy have been used to explain the motivational aspects of behaviors such as
resilience to failure (Lyman et al., 1984), amount of time spent doing a task (I. Brown &
Inouye, 1978; Cervone & Peake, 1986; Zimmerman & Ringle, 1981) and actual performance
(Gist & Mitchell, 1992; Lee, 1982; Phillips & Gully, 1997; Stajkovic & Luthans, 1998). Since
self-efficacy affects actual performance between individuals that have the same performance
skill (Bandura, 1986; Lee, 1982; Phillips & Gully, 1997), the prediction of our skill will
actually affect the actual outcome, as if we are controlled by the self-generated prediction

about our skill.

1.8. Motivation in neuroscience

In my thesis, I will mainly focus on the neural basis of self-efficacy. Within the field
of neuroscience, the ultimate goal for neuroscientists is to understand how the neurons and its
electrical signals result in shaping our mind. Although there is still a large gap, understanding
about behaviors, which is the outcome of our mind processing the given information, have
made a significant progress. It has let to the understanding of how learning is implemented,
how decision are made and how decisions are modified by the processing of information and
neurotransmitters (Kandel, 2013).

Introducing the concept of motivation to the field of neuroscience have lead to a
further understanding of behavior (Berridge, 2004), focusing on drive and incentives of
stimuli. These factors are combined to result in the behavior of an agent (Minamimoto, La
Camera, & Richmond, 2009; Schultz, 1998). Incentives, or rewards, that will motivate us to
engage in behaviors vary, like food, money, and social rewards (Schultz, 2015). Although
these incentive influence our behavior, the incentives that are investigated within
neuroscience were mainly external with only few neuroscience research focusing on intrinsic
(Murayama, Matsumoto, [zuma, & Matsumoto, 2010) or self-relevant information

(Murayama et al., 2015) relating to motivation. By introducing the concept of self-efficacy to



the field of neuroscience, it will give a further understanding of how our brain processes
cognitive concept of motivation relating with the evaluation of self.

As self-efficacy is changed by the information gained from the environment,
especially the direct experience of success and failure, it is assumed that the assigned self-
efficacy to tasks could be related to the processing of given feedbacks while engaging in that
task. I mainly focus on the neural correlates of self-efficacy especially from the perspective of

feedback processing.

1.9. Feedback processing in neuroscience

Feedback exists when the resulting output of a system is used as an input signal, which
forms a loop of information (Wiener, 1965). Received feedbacks are important factors in
voluntary behavior, which is used to monitor performance and adjust behavior so as to reach
the desired state. A simple example would be a thermostat. It will control the air conditioning
system to keep the temperature at the desired set point, by turning off when it is too cold, and
turn on when it is too hot. In order for the system to know when to turn on the conditioning
on, it needs the information of the current temperature within that room. This will be
compared to the set point temperature, and the necessary action is taken. Correcting of
behavior by feedback is not only seen in engineering, but also an important factor in learning
and controlling our behavior.

Given feedbacks are processed within the wide areas of the medial wall (Ullsperger,
Danielmeier, & Jocham, 2014). Processing of feedback has been investigated by fMRI (e.g.
Rushworth & Behrens, 2008), single-cell recording (e.g. M. Matsumoto, Matsumoto, Abe, &
Tanaka, 2007), and event-related potentials (e.g. Bartholow et al., 2005). This feedback
processing signal is not limited to error related activation (Holroyd & Coles, 2002; Mars et
al., 2005; Ullsperger, Nittono, & Cramon, 2007), but also seen for unsigned prediction error

(Walton, Croxson, Behrens, Kennerley, & Rushworth, 2007). The processed feedback will be



used to monitor and adjust behavior (Hayden, Heilbronner, Pearson, & Platt, 2011;

Rushworth & Behrens, 2008).

1.10. Thesis overview

In my thesis, I focus on the neural basis of self-efficacy and its relation to motivation.
In Experiment 1, I focus on the updating of self-efficacy to tasks. Since self-efficacy is mainly
determined by the experience of success and failure, I controlled the success rate within a task
to control self-efficacy to the task and investigated how self-efficacy is updated. As feedbacks
are processed within the broad area of medial prefrontal cortex (medial PFC), I focused the
analysis within this region. Also, how the difference in updating will effect the processing of
feedbacks, resulting in the individual differences of self-efficacy was investigated. In
Experiment 2, I investigate how the individual difference of general self-efficacy (GSE),
which could be taken as the accumulation of self-efficacy to various tasks, will result in the
individual difference of gray matter volume. In Experiment 3, I investigated the change of
GSE. The change was induced by intervention of behavioral activation in participants who are
categorized within subthreshold depression, and the change in gray matter volume and GSE
was investigated. Since both experiments 2 and 3 are exploratory, the whole brain was

investigated for the relation between GSE and the gray matter volume.



2. Experiment 1: Neural Basis of Updating of Self-Efficacy

(Deleted due to unpublished data)
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3. Experiment 2: Neural Basis of General Self-Efficacy

3.1. Introduction

As Bandura stated, self-efficacy is largely affected by past experiences with the same
task that the agent is about to do; experience of success will increase self-efficacy, and vice
versa (Bandura, 1986). Not only are there difference in the self-efficacy that a person feels to
tasks, but there are individual differences in the strength of one’s belief in their ability to
succeed in a variety of tasks, which is called general self-efficacy (GSE) (Sherer et al., 1982).
GSE results from past outcomes of tasks and will affect our motivation to do them. We
process outcome information of our actions, and our neural mechanisms change anatomically
by this processing (Zatorre, Fields, & Johansen-Berg, 2012). Since GSE is a grand sum of
these experiences, the brain regions that would be most relevant to GSE would likely be
regions that process outcomes of tasks and expectation of future outcomes. Therefore I
hypothesized that individual differences in GSE may also be reflected in the brain structure.

In the present study, I investigated the regional gray matter volume specific to GSE.
GSE correlates with other factors related to motivation, such as subjective evaluation of self
worth or self-esteem (Judge, Erez, Bono, & Thoresen, 2002), desire for accomplishment or
achievement motivation (Bartels, 2007), and sensitivity to punishment or behavioral
inhibition (Fennis, Andreassen, & Lervik-Olsen, 2015). Therefore, I used subjects’ scores on
questionnaires related to these factors in order to exclude them. Thus I found a significant

correlation between gray matter volume in the posterior precuneus and GSE specifically.

3.2. Methods

3.2.1. Participants
Sixty-four healthy participants [mean age = 20.1, SD = 1.4, 29 males] recruited from

Tamagawa University (Tokyo, Japan) took part in this study. All participants provided written

29



informed consent and the experimental protocol was approved by the Ethics Committee of

Tamagawa University.

3.2.2. Questionnaire

Self-reported GSE was measured using a questionnaire developed by Sherer et al.
(1982), which was translated into Japanese and its reliability and validity was demonstrated in
Japanese subjects (Narita et al., 1995). The GSE scale consists of 23 items, with responses
made on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). In
order to find a gray matter region that specifically correlates with GSE score, I used other
personality questionnaires that are related to motivation and hypothesized to correlate with the
GSE scale as controls. These questionnaires included a self-esteem scale (Hoshino, 1970;
Rosenberg, 1965), a behavioral inhibition system and behavioral activation system (BIS/BAS)
scale (Carver & White, 1994; Takahashi et al., 2007) and an achievement motivation scale
(Jackson, 1974). The internal reliabilities for each questionnaire measured by Cronbach’s
alpha were: GSE, a = 0.80; self-esteem, a. = 0.79; BIS, a = 0.79; BAS, a = 0.75; achievement

motivation, oo = 0.72.

3.2.3. Neural data acquisition & analysis

A structural image of the brain was acquired for each subject using a 3-tesla Siemens
Trio A Tim MRI scanner (Siemens, Germany) with a 32-channel head coil. T1 weighted
images were acquired using the three-dimensional magnetization prepared rapid gradient echo
(3D-MPRAGE) sequence [TR = 2000 ms, TE = 1.98 ms, TI = 900 ms, Flip angle = 10
degrees, Echo space = 6.1 ms, FOV =256 x 256 mm, 192 slices, voxel size =1 x 1 X 1 mm)]
which took about 5 minutes. To correct for B1 inhomogeneities, images were reconstructed
using pre-scan normalization. Image analysis was performed using Statistical Parametric

Mapping software (SPM version 8; http://www.fil.ion.ucl.ac.uk). Preprocessing of the
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structural images was done by segmenting the brain tissues into six categories (Gray matter,
White matter, CSF, Skull, Soft tissue, Air) based on the East Asian brain template. I used
diffeomorphic anatomical registration using exponentiated lie algebra (DARTEL) to improve
the realignment of small inner structures. Registered images were smoothed with a Gaussian
kernel (full width at half maximum = 8 mm) and were transformed to MNI stereotactic space
using affine and non-linear spatial normalization.

In order to limit the analysis to voxels that would include gray matter, I created a
binary mask to include the voxels with a gray matter probability of over 30% in the gray
matter template (grey.nii), and I excluded all of the other voxels from the multiple comparison
(Fleming et al., 2010). In the whole-brain multiple regression analysis using a generalized
linear model (GLM)), I tested for a relationship between GSE score and regional gray matter
volume. Age, sex, and total gray matter volume were included in the GLM as covariates of no
interest, in order to regress out the effects correlating with these variables. This was also true
for other personality scores related to motivation (i.e. self-esteem, BIS/BAS, and achievement
motivation). The total gray matter volume was calculated for each participant as the total gray
matter within the voxels that were included in the multiple comparison. The threshold was set
to family-wise error (FWE)-corrected at a cluster-level of p < 0.05 after thresholding at p <
0.001 in the whole brain, in order to find a region specifically correlated with GSE, but not

with other similar personality concepts.

3.3. Results

The correlation analysis showed a significant correlation between GSE score and other
questionnaires as seen in previous studies (Table 3.1). The GSE score positively correlated
with the gray matter volume in the right posterior precuneus (x =5,y =-72, z=50; t = 4.85)

(Fig. 3.1). Within the same GLM, other questionnaires showed no significant relation with the
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Table 3.1 Correlation between GSE scale and other questionnaires

Self-esteem BIS BAS Achievement
motivation
0.332 ** -0.355 ** 0.296 * 0.533 ***

* P <0.05,** P<0.01, *** P<0.001
GSE = general self-efficacy, BIS = behavioral inhibition system, BAS = behavioral activation
system
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Fig. 3.1. Region where gray matter volume showed significant association
with GSE score. Left: Gray matter volume in the right posterior precuneus
(x=5, y=-72, z=50; t = 4.85) showed significant positive correlation with GSE
scale. Right: A scatter plot of the adjusted gray matter volume taken from the
peak voxel, as a function of GSE score. This plot is shown only for illustrative
purpose and was not used for any statistical inference.

33



gray matter volume in any part of the brain (including the precuneus) that would exceed the

threshold set for the multiple comparison.

3.4. Discussion

In the present study, I investigated the relationship between regional gray matter
volume and individual differences in GSE. I found that the gray matter volume in the
posterior precuneus showed a positive correlation with GSE across subjects. No significant
relation was found between other questionnaires related to motivation (i.e., achievement
motivation, self-esteem, and BIS/BAS) and gray matter volume (which exceeded the
threshold for multiple comparison within the whole brain), even though these questionnaires
showed significant correlation with GSE score. Thus, the GSE appears to be specifically
correlated with the gray matter volume within the posterior precuneus.

Since GSE correlates with the other questionnaires, it is assumed that there is an
overlap between these traits. However, since I have identified that the precuneus has a
specific relationship with GSE, I discuss below the distinct features of GSE that may relate to
the function of the precuneus.

The precuneus, especially its posterior part, has been associated with episodic memory
(Cavanna & Trimble, 2006). First, the precuneus shows activity during the retrieval of
autobiographical events compared to general memories about the past (Addis, McIntosh,
Moscovitch, Crawley, & McAndrews, 2004). Second, it has been shown that when we predict
what will happen in the future, a neural network including the precuneus that is needed to
recall past experiences is activated (Addis, Wong, & Schacter, 2007). Finally, the gray matter
volume in a part of the precuneus correlates with the tendency for an individual to take first-
person perspective when recalling autobiographical memories (Freton et al., 2014). Thus, the
precuneus seems to accumulate past experiences and create a self-image in relation with the

outside world. Since the GSE is not determined by one’s experience of a single task, but
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rather the accumulated experiences that add up to a general expectation that an individual
holds before executing a task (Bandura, 1977; Sherer et al., 1982), it seems reasonable that
the precuneus is a key region involved in GSE.

Since the degree of self-efficacy one experiences in a task is related to past and
present success or failure, it makes sense that the parts of the brain where feedback is
processed would show a correlation with GSE score. In fact, Themanson et a/l. found that the
amplitude of error-related negativity (ERN), which is generated in the medial prefrontal
cortex after an error is made during a task, positively correlates with self-efficacy and post-
error performance on that task (Themanson et al., 2011). The present results concerning GSE,
however, point to a gray-matter region that stores episodic memories (posterior precuneus),
rather than regions that are involved in feedback processing. One possibility is that the degree
of self-efficacy one experiences in various tasks is gathered in the precuneus and sums up to
determine a person’s degree of GSE, which is represented by the gray matter volume in the
posterior precuneus. This idea is supported by the fact that the precuneus is functionally and
anatomically interconnected with regions including the medial prefrontal cortex (Cavanna &
Trimble, 2006; Margulies et al., 2009; Zhang & Li, 2012).

This study is subjected to the limitations of the method of voxel-based morphometry
(VBM). Since there is only the information about the volume of gray matter within the voxel,
how the gray matter is structured within that voxel cannot be assumed from VBM.
Differences in gray matter volume may result from folding within that voxel rather than from
actual differences in thickness (Mechelli, Price, Friston, & Ashburner, 2005). The underlying
biological structure of the differences between gray matter volume between individuals needs

further investigation.
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4. Experiment 3: Neural Basis of Changing in General Self-Efficacy

(Deleted due to unpublished data)
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5. General Discussion

How we choose actions are affected by our motivation, and the reasons to be
motivated varies according to incentives, needs, and cognition that an agent has (Weiner,
1980). Here I have investigated the neural correlates of self-efficacy, a cognitive factor of
motivation, and it was shown to relate with plural areas of the brain, which are responsible for

different steps in processing information.

5.1. Summary

In experiment 1, I investigated how the updating of self-efficacy will be related to
feedback processing in the medial prefrontal cortex (medial PFC). Especially, the amount of
activation within the ventromedial prefrontal cortex (vmPFC) showed the valance of the
feedback received, and dorsomedial prefrontal cortex (dmPFC) showed a interaction between
the difference of self-efficacy and feedback, which correlated with the participants’ tolerance
to failure, thus showing relation with participants’ motivation in continuously committing in
pursuing tasks that gives negative feedbacks.

Experiment 2 have shown that individual differences in GSE, which is an
accumulation of self-efficacy to numerous tasks we experience everyday, significantly related
with the individual differences of gray matter volume in the precuneus, which was present
when similar concepts relating to motivation was excluded.

Experiment 3 have studied how the change in GSE will be seen in the change in gray
matter volume, especially focusing on the population of subthreshold depression who have
went through the intervention of behavioral activation. Since the intervention results in the
participants to intentionally process the positive feedbacks, the amygdala, which is related
with the processing of stimuli relevant to the motivation of the participant, showed a increase
in gray matter volume after the intervention, which also showed significant relation with the

individual difference of GSE.
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5.2. Implication in understanding the neural correlates of self-efficacy

From the above three studies, the concept of self-efficacy was shown to relate to
multiple areas within the brain, especially related in the processing feedbacks given from the
environment and its accumulation within the brain so as to determine future behavior.

From experiments 1 and 2, the relation between task specific self-efficacy and GSE
can be assumed as the following. By processing feedbacks gained in each tasks, self-efficacy
to each task will be updated, and the processed experience will be accumulated to construct
the index of GSE. Experiment 1 showed relation between self-efficacy and medial PFC, and
experiment 2 showed relation between GSE and precuneus. Since there are functional and
anatomical connectivity between these regions (Cavanna & Trimble, 2006; Margulies et al.,
2009; Zhang & Li, 2012), it could be assumed that the processing of each given feedbacks
within the medial PFC will also activated the precuneus, where it will accumulate the
processes of feedbacks to numerous tasks, relating to the individual difference in gray matter
volume that relates to GSE.

In experiment 3, intervention of behavioral activation changed the gray matter volume
within the amygdala, which showed relation to the individual difference of GSE. Since the
individual difference of GSE did not show significant relation with the gray matter volume in
the precuneus, the change is GSE will involve other regions than precuneus according to the
characteristics of the intervention that caused the change in GSE, for example, the amygdala.
It could also be assumed that the change in gray matter volume within amygdala will also
affect the feedback processing within the medial PFC, due to its efferent connectivity to
medial PFC (Nieuwenhuys et al., 2008).

By using neuroimaging methods, a further understanding could be accomplished by
focusing on the processing of information, which could step into discussing how the concepts

are represented by the processing of information within our brain.
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5.3. Implication in understanding feedback processing and decision making

As our brain can learn about the environment to make prediction and select the
appropriate or optimal behavior to increase what we could gain from the environment, it is
possible that due to that fact that we could choose behavior according to the learned
subjective values, there is a space left for our cognition to slip in. Self-efficacy will be one of
the cognitive concepts that will affect how we select behavior since we have that cognitive
function, and this prediction sometimes overwhelms the effect of explicit rewards (Bandura,
1986).

In the present study, especially in experiment 1, I focused on how given feedbacks
will update self-efficacy, although given feedbacks are not only used to update self-efficacy.
It is used to update the values of choices and actions that resulted in that feedback (Niv, Daw,
& Dayan, 2006; Samejima, Ueda, Doya, & Kimura, 2007; Sutton & Barto, 1998). Given
feedbacks are also used to monitor our performance and adjust our behavior to reach our
goals (Ullsperger et al., 2014; Ullsperger & Cramon, 2004). Since processing of success and
failure will also result in the change of self-efficacy, and this will affect our behavior,
updating of self-efficacy will also need to be included within the model of our decision

making in order for a further understanding of our behavior.

5.4. Implication in understanding the neural basis of concept of self

The concept of self have been an object of research from the time of William James
(James, 1890), with following research from various fields such as philosophy, psychology,
psychiatry and neuroscience (Kircher & David, 2003). How the concept of self is represented
within the brain has been investigated mainly by comparing the neural activation to self-
related and non-self-related stimuli (Legrand & Ruby, 2009). For example, picture of one’s

own face (Kircher et al., 2000; Platek, Keenan, Gallup, & Mohamed, 2004), recalling of

49



information about self, and assessing whether certain adjectives will match yourself (Kelley et
al., 2002; Ochsner et al., 2005).

On the other hand, the concept of self have been proposed by many researchers
(Kircher & David, 2003; Minsky, 1986; 2006; Nowak, Vallacher, Tesser, & Borkowski,
2000), and was also proposed that a method in investigating the neural correlates of
processing the concept of self needs a paradigm shift (Legrand & Ruby, 2009). Especially,
Legrand (2009) proposed that the concept of self could be characterized by a subjective
perspective, defining self from the relation from other objects. Self-efficacy is an evaluation
about the self that is relating to that task. By investigating the neural basis of self-efficacy, it
may lead to the understanding of self, not limited to the direct representation but the

representation of self that is constructed from relation with objects around us.

5.5. Limitation and future research directions

There are still many questions that need to be answered about the neural basis of self-
efficacy. The limits of my thesis and future research directions concerning other studies are

discussed.

5.3.1. Effects of feedback

In experiment 1, I have used a feedback of success and failure in order to control self-
efficacy to the task, although the means of feedback is not limited to them. Instead of giving
success and failure feedback trial by trial, it could be given as a total score at the end of the
session (Shibata, Yamagishi, Ishii, & Kawato, 2009), or it could be given comparing to the
other participant, telling them their rank within the participants (Nicholls, 1984). Feedbacks
could also be given ambiguously since the feedbacks experienced in real life are not always
easy to identify and what is received as feedbacks varies within individuals (Hackman &

Lawler, 1971). The characteristics of the source of information will also effect the degree an
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person will consider feedbacks given from that source (Greller & Herold, 1975). Effect of
different kinds of feedbacks to the change of self-efficacy, and how it will affect the
processing of feedbacks within the medial PFC needs to be investigated.

Also, the effect of processing of feedback to other cognitive functions need to be
considered. When viewed from learning theories, given feedbacks are signals for adjusting
behavior, especially when negative or failure feedback is received (Sutton & Barto, 1998). In
our daily life, negative feedbacks could indicate better performance in the future (Carver &
Scheier, 1998). Although, when error feedbacks are received, it will also cause other effects.
Error feedbacks are aversive to us and induces physiological responses such as startle
response (Hajcak & Foti, 2008) and greater skin conductance response (Hajcak, McDonald, &
Simons, 2004). How important a participant thinks the current task will change the response
to feedbacks. Being told that the task is to measure intelligence, will increase the response to
error (Bengtsson, Lau, & Passingham, 2009).Feedbacks of errors results in a raise in self-
focus which continues longer within depressed individuals (Greenberg & Pyszczynski, 1986).
Attention to self will also result in the decrease of the positive effect of feedbacks to
performance (Kluger & DeNisi, 1996). The effects of feedbacks to self-efficacy may need to

be considered carefully.

5.3.2. Effects of self-efficacy to performance

The present study focused on the motivational aspect of self-efficacy and did not focus
on its relation with performance. Although, self-efficacy has been shown to affect
performance and the difference of self-efficacy will predict later performance (Bandura, 1986;
Lee, 1982; Phillips & Gully, 1997). In fact, task performance have been known to be affected
by factors such as free choice of that task (i.e. self-determination) (Leotti et al., 2010;
Murayama et al., 2015; Patall et al., 2008), amount of reward that could be gained by

successful execution of a task (Knutson et al., 2000; Minamimoto et al., 2009), and too much
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reward per trial resulting in the decrease in performance (i.e. choking under pressure)
(Baumeister, 1984; Chib, De Martino, Shimojo, & O’Doherty, 2012; Chib, Shimojo, &
O’Doherty, 2014; Mobbs et al., 2009). The characteristics of the tasks affect the processing of
information about the task and the difference of performance is seen by the difference of
conditions. How the sense of self-efficacy, a belief of succeeding in that task will affect
performance, and how that will affect the information processing within the brain needs to be

investigated.

5.3.3. Effects of other information to determine self-efficacy

In experiment 1, I have focused on the effect of direct experience of success and
failure to self-efficacy. Although, self-efficacy is not solely determined by direct experience,
but also determined by information such as vicarious experience, social persuasion and
emotional arousal (Bandura, 1977). Also, in my study, I could not find a representation of the
self-efficacy to the task itself, but this may be due to the fact that I only used the information
of direct experience of success and failure for modifying self-efficacy. Since self-efficacy can
be changed by other kinds of information, investigating how other information will change
self-efficacy and investigating the related regions within the brain to find an overlap to the

processing of information may lead to find a representation of the self-efficacy to each tasks.

5.3.4. Relation between gray matter volume and GSE

Experiments 2 and 3 have shown relation with the individual difference of gray matter
volume and GSE. Since gray matter volume in precuneus and amygdala have been shown to
relate to GSE, with amygdala especially relating to the intervention of behavioral activation, it
is possible that GSE is not anatomically represented within one region, but according to how
the change in GSE was induced, the effect will be seen in different regions. Although the

relation could be explained by the functions of precuneus and amygdala, how the processing
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of feedbacks in our daily life will cause a change in gray mater volume needs investigation.
The change in gray matter volume could be induced by changes such as sprouting of axons,
synaptogenesis and neurogenesis (Zatorre et al., 2012). Also, within the amygdala, individual
difference of gray matter volume has been reported to relate to difference in BOLD signals
and difference in emotional arousal (Fastenrath et al., 2014). How the difference of gray
matter volume will result in the difference of function in precuneus or amygdala and how it

will affect GSE score still needs to be investigation.

5.3.5. Relation between task specific and general self-efficacy

Within the three studies, the relation between task-specific and general self-efficacy
could not be investigated. Although, these two concepts are known to affect each other, GSE
has been known to affect task specific self-efficacy especially in a situation where an agent is
about to engage in new tasks, and the accumulation of task-specific self-efficacy will result in
the general expectation of self-efficacy in numerous tasks (Sherer et al., 1982). Continuous
observation of the processing of feedbacks and its effects to gray matter volume may lead to

the understanding of the relation between task-specific and general self-efficacy.

53



6. Acknowledgements

First and foremost, I express my deep gratitude to my PhD advisor, Dr. Toshikazu
Hasegawa, who has taught me from my undergraduate education, how science is done. I
cannot show enough gratitude for his kind permission to do my dissertation work at
Tamagawa University.

I would also like to acknowledge the other members of my PhD Committee — Dr.

Yoshihiko Tanno, Dr. Yuko Yotsumoto, Dr. Isamu Motoyoshi and Dr. Dai Yanagihara for
their time, patience, and thoughtful advice for my doctoral studies.

I owe my deep gratefulness to Dr. Kenji Matsumoto, who guided me through the
world of neuroscience. I also thank acknowledge Dr. Yasumasa Okamoto for letting me in
their project and analyze the data otherwise impossible within my field of research.

I greatly acknowledge the advices that were given during the seminars held in the
department of cognitive and behavioral science. I especially show my gratitude to Dr. Kazuo
Okanoya, Dr. Takuma Ishigaki, and also to Dr. Ikuya Murakami and Dr. Atsuko Saito, the
former member of the department.

I will show my gratitude to the former and present lab members at Hasegawa lab,
Matsumoto lab and Okamoto lab, especially to the co-authors of my study, Dr. Kou
Murayama, Dr. Keise Izuma, Dr. Madoka Matsumoto, Dr. Yukihito Yomogida, Dr. Ryuta
Aoki, Dr. Kazuki lijima, and Dr. Tomoki Haji. Learning about their research and having
discussion with all of them have given me insights for my research. I would also like to thank
Nanae Fujiwara and Yuka Ueno, who have supported me to execute my research.

Last but not least, I express my sincere gratitude to my parents, Norio and Satomi

Sugiura, who have always supported me with their warm encouragements.

54



7. References

Addis, D. R., McIntosh, A. R., Moscovitch, M., Crawley, A. P., & McAndrews, M. P. (2004).
Characterizing spatial and temporal features of autobiographical memory retrieval
networks: a partial least squares approach. Neurolmage, 23(4), 1460-1471.
http://doi.org/10.1016/j.neuroimage.2004.08.007

Addis, D. R., Wong, A. T., & Schacter, D. L. (2007). Remembering the past and imagining
the future: Common and distinct neural substrates during event construction and
elaboration. Neuropsychologia, 45(7), 1363—1377.
http://doi.org/10.1016/j.neuropsychologia.2006.10.016

Arnone, D., Mclntosh, A. M., Ebmeier, K. P., Munafo, M. R., & Anderson, I. M. (2012).
Magnetic resonance imaging studies in unipolar depression: Systematic review and meta-
regression analyses. European Neuropsychopharmacology, 22(1), 1-16.
http://doi.org/10.1016/j.euroneuro.2011.05.003

Atkinson, J. W. (1957). Motivational determinants of risk-taking behavior. Psychological
Review, 64(6, Pt.1), 359-372. http://doi.org/10.1037/h0043445

Atkinson, J. W. (1964). An introduction to motivation. Princeton, N.J.: Van Nostrand.

Ball, T., Rahm, B., Eickhoff, S. B., Schulze-Bonhage, A., Speck, O., & Mutschler, 1. (2007).
Response Properties of Human Amygdala Subregions: Evidence Based on Functional
MRI Combined with Probabilistic Anatomical Maps. PLoS ONE, 2(3), e307-9.
http://doi.org/10.1371/journal.pone.0000307

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of behavioral change.
Psychological Review, 84(2), 191-215. http://doi.org/10.1037/0033-295X.84.2.191

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory.
Englewood Cliffs, NJ, US: Prentice-Hall, Inc.

Bandura, A. (1997). Self-Efficacy in Changing Societies. Cambridge University Press.

55



Bandura, A., Adams, N. E., & Beyer, J. (1977). Cognitive processes mediating behavioral
change. Journal of Personality and Social Psychology, 35(3), 125-139.
http://doi.org/10.1037/0022-3514.35.3.125

Bandura, A., Cioffi, D., Taylor, C. B., & Brouillard, M. E. (1988). Perceived self-efficacy in
coping with cognitive stressors and opioid activation. Journal of Personality and Social
Psychology, 55(3), 479-488. http://doi.org/10.1037/0022-3514.55.3.479

Bandura, A., Reese, L., & Adams, N. E. (1982). Microanalysis of action and fear arousal as a
function of differential levels of perceived self-efficacy. Journal of Personality and
Social Psychology, 43(1), 5-21. http://doi.org/10.1037/0022-3514.43.1.5

Bandura, A., Taylor, C. B., Williams, S. L., Mefford, I. N., & Barchas, J. D. (1985).
Catecholamine secretion as a function of perceived coping self-efficacy. Journal of
Consulting and Clinical Psychology, 53(3), 406—414. http://doi.org/10.1037/0022-
006X.53.3.406

Bartels, J. M. (2007). Dispositional Positive and Negative Affect and Approach-Avoidance
Achievement Motivation. Individual Differences Research, 5(3), 246-259.

Bartholow, B. D., Pearson, M. A., Dickter, C. L., Sher, K. J., Fabiani, M., & Gratton, G.
(2005). Strategic control and medial frontal negativity: Beyond errors and response
conflict. Psychophysiology, 42(1), 33—42. http://doi.org/10.1111/j.1469-
8986.2005.00258.x

Baumeister, R. F. (1984). Choking under pressure: Self-consciousness and paradoxical effects
of incentives on skillful performance. Journal of Personality and Social Psychology,
46(3), 610—620. http://doi.org/10.1037/0022-3514.46.3.610

Beck, A. T., Steer, R. A., & Brown, G. K. (1996). Beck Depression Inventory: Manual, 2nd

edn. San Antonio: The Psychological Corp.

56



Bengtsson, S. L., Lau, H. C., & Passingham, R. E. (2009). Motivation to do Well Enhances
Responses to Errors and Self-Monitoring. Cerebral Cortex, 19(4), 797-804.
http://doi.org/10.1093/cercor/bhn127

Berridge, K. C. (2004). Motivation concepts in behavioral neuroscience. Physiology &
Behavior, 81(2), 179-209. http://doi.org/10.1016/j.physbeh.2004.02.004

Berridge, K. C., & Kringelbach, M. L. (2008). Affective neuroscience of pleasure: reward in
humans and animals. Psychopharmacology, 199(3), 457—-480.
http://doi.org/10.1007/s00213-008-1099-6

Bénabou, R., & Tirole, J. (2006). Incentives and Prosocial Behavior. American Economic
Review, 96(5), 1652—1678. http://doi.org/10.1257/aer.96.5.1652

Bora, E., Fornito, A., Pantelis, C., & Yiicel, M. (2012). Gray matter abnormalities in Major
Depressive Disorder: A meta-analysis of voxel based morphometry studies. Journal of
Affective Disorders, 138(1-2), 9—18. http://doi.org/10.1016/j.jad.2011.03.049

Brown, I., & Inouye, D. K. (1978). Learned helplessness through modeling: The role of
perceived similarity in competence. Journal of Personality and Social Psychology, 36(8),
900-908. http://doi.org/10.1037/0022-3514.36.8.900

Carver, C. S., & Scheier, M. (1998). On the self-regulation of behavior. Cambridge, UK ;
New York, NY, USA : Cambridge University Press.

Carver, C. S., & White, T. L. (1994). Behavioral inhibition, behavioral activation, and
affective responses to impending reward and punishment: The BIS/BAS Scales. Journal
of Personality and Social Psychology, 67(2), 319-333. http://doi.org/10.1037/0022-
3514.67.2.319

Cavanna, A. E., & Trimble, M. R. (2006). The precuneus: a review of its functional anatomy

and behavioural correlates. Brain, 129(3), 564—583. http://doi.org/10.1093/brain/awl004

57



Cervone, D., & Peake, P. K. (1986). Anchoring, efficacy, and action: The influence of
judgmental heuristics on self-efficacy judgments and behavior. Journal of Personality
and Social Psychology, 50(3), 492—-501. http://doi.org/10.1037/0022-3514.50.3.492

Cervone, D., Kopp, D. A., Schaumann, L., & Scott, W. D. (1994). Mood, self-efficacy, and
performance standards: Lower moods induce higher standards for performance. Journal
of Personality and Social Psychology, 67(3), 499—512. http://doi.org/10.1037/0022-
3514.67.3.499

Chang, S. W. C., Winecoff, A. A., & Platt, M. L. (2011). Vicarious Reinforcement in Rhesus
Macaques (Macaca Mulatta). Frontiers in Neuroscience, 5, 1-10.
http://doi.org/10.3389/fnins.2011.00027

Chen, G., Gully, S. M., Whiteman, J.-A., & Kilcullen, R. N. (2000). Examination of
relationships among trait-like individual differences, state-like individual differences, and
learning performance. Journal of Applied Psychology, 85(6), 835—847.
http://doi.org/10.1037/0021-9010.85.6.835

Chib, V. S., De Martino, B., Shimojo, S., & O’Doherty, J. P. (2012). Neural Mechanisms
Underlying Paradoxical Performance for Monetary Incentives Are Driven by Loss
Aversion. Neuron, 74(3), 582—594. http://doi.org/10.1016/j.neuron.2012.02.038

Chib, V. S., Shimojo, S., & O’Doherty, J. P. (2014). The Effects of Incentive Framing on
Performance Decrements for Large Monetary Outcomes: Behavioral and Neural
Mechanisms. Journal of Neuroscience, 34(45), 14833—14844.
http://doi.org/10.1523/JNEUROSCI.1491-14.2014

Cohn, A. M., Strong, D. R., Abrantes, A. M., & Brown, R. A. (2010). History of Single
Episode and Recurrent Major Depressive Disorder Among Smokers in Cessation
Treatment. Addictive Disorders & Their Treatment, 9(1), 41-52.

http://doi.org/10.1097/ADT.0b013e3181b91c6b

58



Cordova, D. 1., & Lepper, M. R. (1996). Intrinsic motivation and the process of learning:
Beneficial effects of contextualization, personalization, and choice. Journal of
Educational Psychology, 88(4), 715-730. http://doi.org/10.1037/0022-0663.88.4.715

Cuijpers, P., & Smit, F. (2004). Subthreshold depression as a risk indicator for major
depressive disorder: a systematic review of prospective studies. Acta Psychiatrica
Scandinavica, 109(5), 325-331. http://doi.org/10.1111/j.1600-0447.2004.00301.x

Cunningham, W. A., & Brosch, T. (2012). Motivational Salience: Amygdala Tuning From
Traits, Needs, Values, and Goals. Current Directions in Psychological Science, 21(1),
54-59. http://doi.org/10.1177/0963721411430832

Cunningham, W. A., Raye, C. L., & Johnson, M. K. (2004). Implicit and Explicit Evaluation:
fMRI Correlates of Valence, Emotional Intensity, and Control in the Processing of
Attitudes. Journal of Cognitive Neuroscience, 16(10), 1717-1729.
http://doi.org/10.1162/0898929042947919

Davis, M. (1992). The Role of the Amygdala in Fear and Anxiety. Annual Reviews of
Neuroscience, 15(1), 353-375. http://doi.org/10.1146/annurev.ne.15.030192.002033

Eden, D., & Zuk, Y. (1995). Seasickness as a self-fulfilling prophecy: Raising self-efficacy to
boost performance at sea. Journal of Applied Psychology, 80(5), 628—635.
http://doi.org/10.1037/0021-9010.80.5.628

Egan, L. C., Santos, L. R., & Bloom, P. (2007). The Origins of Cognitive Dissonance:
Evidence From Children and Monkeys. Psychological Science, 18(11), 978-983.
http://doi.org/10.1111/j.1467-9280.2007.02012.x

Fastenrath, M., Coynel, D., Spalek, K., Milnik, A., Gschwind, L., Roozendaal, B., et al.
(2014). Dynamic Modulation of Amygdala-Hippocampal Connectivity by Emotional
Arousal. Journal of Neuroscience, 34(42), 13935-13947.

http://doi.org/10.1523/JINEUROSCI.0786-14.2014

59



Feather, N. T. (1966). Effects of prior success and failure on expectations of success and
subsequent performance. Journal of Personality and Social Psychology, 3(3), 287-298.
http://doi.org/10.1037/h0022965

Feltz, D. L. (1982). Path analysis of the causal elements in Bandura's theory of self-efficacy
and an anxiety-based model of avoidance behavior. Journal of Personality and Social
Psychology, 42(4), 764—781. http://doi.org/10.1037/0022-3514.42.4.764

Fennis, B. M., Andreassen, T. W., & Lervik-Olsen, L. (2015). Behavioral Disinhibition Can
Foster Intentions to Healthy Lifestyle Change by Overcoming Commitment to Past
Behavior. PLoS ONE, 10(11), e0142489. http://doi.org/10.1371/journal.pone.0142489

Fergusson, D. M., Horwood, L. J., Ridder, E. M., & Beautrais, A. L. (2005). Subthreshold
Depression in Adolescence and Mental Health Outcomes in Adulthood. Archives of
General Psychiatry, 62(1), 66—7. http://doi.org/10.1001/archpsyc.62.1.66

Fleming, S. M., Weil, R. S., Nagy, Z., Dolan, R. J., & Rees, G. (2010). Relating introspective
accuracy to individual differences in brain structure. Science, 329(5998), 1541-1543.
http://doi.org/10.1126/science.1191883

Freton, M., Lemogne, C., Bergouignan, L., Delaveau, P., Lehéricy, S., & Fossati, P. (2014).
The eye of the self: precuneus volume and visual perspective during autobiographical
memory retrieval. Brain Structure and Function, 219(3), 959-968.
http://doi.org/10.1007/s00429-013-0546-2

Furukawa, T. A., Horikoshi, M., Kawakami, N., Kadota, M., Sasaki, M., Sekiya, Y., et al.
(2012). Telephone Cognitive-Behavioral Therapy for Subthreshold Depression and
Presenteeism in Workplace: A Randomized Controlled Trial. PLoS ONE, 7(4), €35330.
http://doi.org/10.1371/journal.pone.0035330

Gianaros, P. J., Sheu, L. K., Matthews, K. A., Jennings, J. R., Manuck, S. B., & Hariri, A. R.

(2008). Individual Differences in Stressor-Evoked Blood Pressure Reactivity Vary with

60



Activation, Volume, and Functional Connectivity of the Amygdala. The Journal of
Neuroscience, 28(4), 990-999. http://doi.org/10.1523/INEUROSCI.3606-07.2008

Gist, M. E., & Mitchell, T. R. (1992). Self-Efficacy: A Theoretical Analysis of Its
Determinants and Malleability. The Academy of Management Review, 17(2), 183.
http://doi.org/10.2307/258770

Glascher, J. (2009). Visualization of Group Inference Data in Functional Neuroimaging.
Neuroinformatics, 7(1), 73-82.

Graham, S., & Weiner, B. (1996). Theories and principles of motivation. In Handbook of
educational psychology. Prentice Hall International.

Greenberg, J., & Pyszczynski, T. (1986). Persistent high self-focus after failure and low self-
focus after success: The depressive self-focusing style. Journal of Personality and Social
Psychology, 50(5), 1039—1044. http://doi.org/10.1037/0022-3514.50.5.1039

Greller, M. M., & Herold, D. M. (1975). Sources of feedback: A preliminary investigation.
Organizational Behavior and Human Performance, 13(2), 244-256.
http://doi.org/10.1016/0030-5073(75)90048-3

Hackman, J. R., & Lawler, E. E. (1971). Employee reactions to job characteristics. Journal of
Applied Psychology, 55(3), 259-286. http://doi.org/10.1037/h0031152

Hajcak, G., & Foti, D. (2008). Errors Are Aversive: Defensive Motivation and the Error-
Related Negativity. Psychological Science, 19(2), 103—108. http://doi.org/10.1111/j.1467-
9280.2008.02053.x

Hajcak, G., McDonald, N., & Simons, R. F. (2004). Error-related psychophysiology and
negative affect. Brain and Cognition, 56(2), 189—-197.
http://doi.org/10.1016/j.bandc.2003.11.001

Hamilton, J. P., Siemer, M., & Gotlib, I. H. (2008). Amygdala volume in major depressive
disorder: a meta-analysis of magnetic resonance imaging studies. Molecular Psychiatry,

13(11), 993-1000. http://doi.org/10.1038/mp.2008.57

61



Hayden, B. Y., Heilbronner, S. R., Pearson, J. M., & Platt, M. L. (2011). Surprise signals in
anterior cingulate cortex: neuronal encoding of unsigned reward prediction errors driving
adjustment in behavior. The Journal of Neuroscience, 31(11), 4178-4187.
http://doi.org/10.1523/INEUROSCI.4652-10.2011

Hill, M. R., Boorman, E. D., & Fried, I. (2016). Observational learning computations in
neurons of the human anterior cingulate cortex. Nature Communications, 7, 12722.
http://doi.org/10.1038/ncomms 12722

Holroyd, C. B., & Coles, M. G. H. (2002). The neural basis of human error processing:
Reinforcement learning, dopamine, and the error-related negativity. Psychological Review,

109(4), 679-709. http://doi.org/10.1037/0033-295X.109.4.679

Hoshino, A. (1970). Psychology of emotion and education 1 (in Japanese). Child Study, 24,

1445-1477.

Hull, C. L. (1943). Principles of behavior: an introduction to behavior theory. Appleton-
Century.

Izuma, K., Saito, D. N., & Sadato, N. (2008). Processing of Social and Monetary Rewards in
the Human Striatum. Neuron, 58(2), 284-294.
http://doi.org/10.1016/j.neuron.2008.03.020

Jackson, D. N. (1974). Personality Research Form Manual. Research Psychologists Press.

Jacobson, N. S., Martell, C. R., & Dimidjian, S. (2001). Behavioral Activation Treatment for
Depression: Returning to Contextual Roots. Clinical Psychology: Science and Practice,
8(3), 255-270. http://doi.org/10.1093/clipsy.8.3.255

James, W. (1890). The principles of psychology. New York: Henry Holt and Company.
http://doi.org/10.1037/11059-000

Jessup, R. K., Busemeyer, J. R., & Brown, J. W. (2010). Error Effects in Anterior Cingulate
Cortex Reverse when Error Likelihood Is High. Journal of Neuroscience, 30(9), 3467—

3472. http://doi.org/10.1523/JNEUROSCI.4130-09.2010

62



John, U., Meyer, C., Rumpf, H. J., & Hapke, U. (2004). Self-efficacy to refrain from smoking
predicted by major depression and nicotine dependence. Addictive Behaviors, 29(5), 857—
866. http://doi.org/10.1016/j.addbeh.2004.02.053

Johnson, D. D. P., & Fowler, J. H. (2011). The evolution of overconfidence. Nature,
477(7364), 317-320. http://doi.org/10.1038/nature10384

Judge, T. A., Erez, A., Bono, J. E., & Thoresen, C. J. (2002). Are measures of self-esteem,
neuroticism, locus of control, and generalized self-efficacy indicators of a common core
construct? Journal of Personality and Social Psychology, 83(3), 693—710.
http://doi.org/10.1037/0022-3514.83.3.693

Kandel, E. (2013). Principles of Neural Science, Fifth Edition. McGraw Hill Professional.

Kavanagh, D. J., & Bower, G. H. (1985). Mood and self-efficacy: Impact of joy and sadness
on perceived capabilities. Cognitive Therapy and Research, 9(5), 507-525.
http://doi.org/10.1007/BF01173005

Kelley, W. M., Macrae, C. N., Wyland, C. L., Caglar, S., Inati, S., & Heatherton, T. F. (2002).
Finding the Self? An Event-Related fMRI Study. Journal of Cognitive Neuroscience,
14(5), 785-794. http://doi.org/10.1162/08989290260138672

Kepecs, A., Uchida, N., Zariwala, H. A., & Mainen, Z. F. (2008). Neural correlates,
computation and behavioural impact of decision confidence. Nature, 455(7210), 227-231.
http://doi.org/10.1038/nature07200

Kim, M. J., Loucks, R. A., Palmer, A. L., Brown, A. C., Solomon, K. M., Marchante, A. N.,
& Whalen, P. J. (2011). The structural and functional connectivity of the amygdala: From
normal emotion to pathological anxiety. Behavioural Brain Research, 223(2), 403—410.
http://doi.org/10.1016/j.bbr.2011.04.025

Kircher, T., & David, A. (2003). The Self in Neuroscience and Psychiatry. Cambridge:

Cambridge University Press.

63



Kircher, T., Senior, C., Phillips, M. L., Benson, P. J., Bullmore, E. T., Brammer, M., et al.
(2000). Towards a functional neuroanatomy of self processing: effects of faces and words.
Cognitive Brain Research, 10(1-2), 133—144. http://doi.org/10.1016/S0926-
6410(00)00036-7

Kluger, A. N., & DeNisi, A. (1996). The effects of feedback interventions on performance: A
historical review, a meta-analysis, and a preliminary feedback intervention theory.
Psychological Bulletin, 119(2), 254-284. http://doi.org/10.1037/0033-2909.119.2.254

Knutson, B., Fong, G., Kaiser, E., Adams, C., & Hommer, D. (2000). Anticipation of
monetary rewards activates nucleus accumbens. Neurolmage, 11(5), S237.
http://doi.org/10.1016/S1053-8119(00)91169-8

Kojima, M., & Furukawa, T. A. (2003). Japanese Version of the Beck Depression Inventory,
2nd edn. Tokyo: Nippon-Hyoron-sha Co.

LeDoux, J. E. (1995). Emotion: Clues from the Brain. Annual Reviews of Psychology, 46(1),
209-235. http://doi.org/10.1146/annurev.ps.46.020195.001233

Lee, C. (1982). Self-efficacy as a predictor of performance in competitive gymnastics.
Journal of Sport Psychology, 4(4), 405-409. Retrieved from
http://journals.humankinetics.com/jsep-back-
issues/jsepvolume4dissue4december/selfefficacyasapredictorofperformanceincompetitiveg
ymnastics

Legrand, D., & Ruby, P. (2009). What is self-specific? Theoretical investigation and critical
review of neuroimaging results. Psychological Review, 116(1), 252-282.
http://doi.org/10.1037/a0014172

Lent, R. W., Brown, S. D., & Larkin, K. C. (1984). Relation of self-efficacy expectations to
academic achievement and persistence. Journal of Counseling Psychology, 31(3), 356—

362. http://doi.org/10.1037/0022-0167.31.3.356

64



Leotti, L. A., Iyengar, S. S., & Ochsner, K. N. (2010). Born to choose: the origins and value
of the need for control. Trends in Cognitive Sciences, 14(10), 457-463.
http://doi.org/10.1016/j.tics.2010.08.001

Litt, M. D. (1988). Self-efficacy and perceived control: Cognitive mediators of pain tolerance.
Journal of Personality and Social Psychology, 54(1), 149—160.
http://doi.org/10.1037/0022-3514.54.1.149

Lyman, R. D., Prentice-Dunn, S., Wilson, D. R., & Bonfilio, S. A. (1984). The effect of
success or failure on self-efficacy and task persistence of conduct-disordered children.
Psychology in the Schools, 21(4), 516-519. http://doi.org/10.1002/1520-
6807(198410)21:4<516::AID-PITS2310210419>3.0.CO;2-O

Maddux, J. E., & Meier, L. J. (1995). Self-Efficacy and Depression. In J. E. Maddux (Ed.),
Self-Efficacy, Adaptation, and Adjustment (pp. 143—-169). New York: Plenum Press.
http://doi.org/10.1007/978-1-4419-6868-5 5

Margulies, D. S., Vincent, J. L., Kelly, C., Lohmann, G., Uddin, L. Q., Biswal, B. B., et al.
(2009). Precuneus shares intrinsic functional architecture in humans and monkeys.
Proceedings of the National Academy of Sciences, 106(47), 20069-20074.
http://doi.org/10.1073/pnas.0905314106

Mars, R. B., Coles, M. G. H., Grol, M. J., Holroyd, C. B., Nieuwenhuis, S., Hulstijn, W., &
Toni, 1. (2005). Neural dynamics of error processing in medial frontal cortex.
Neurolmage, 28(4), 1007—1013. http://doi.org/10.1016/j.neuroimage.2005.06.041

Maslow, A. H. (1943). A theory of human motivation. Psychological Review, 50(4), 370-396.
http://doi.org/10.1037/h0054346

Matsumoto, M., Matsumoto, K., Abe, H., & Tanaka, K. (2007). Medial prefrontal cell activity
signaling prediction errors of action values. Nature Neuroscience, 10(5), 647-656.

http://doi.org/10.1038/nn1890

65



Mechelli, A., Price, C. J., Friston, K. J., & Ashburner, J. (2005). Voxel-Based Morphometry
of the Human Brain: Methods and Applications. Current Medical Imaging Reviews, 1(2),
105-113. http://doi.org/10.2174/1573405054038726

Minamimoto, T., La Camera, G., & Richmond, B. J. (2009). Measuring and Modeling the
Interaction Among Reward Size, Delay to Reward, and Satiation Level on Motivation in
Monkeys. Journal of Neurophysiology, 101(1), 437-447.
http://doi.org/10.1152/jn.90959.2008

Minsky, M. (1986). The society of mind. New York: Simon and Schuster.

Minsky, M. (2006). The emotion machine : commonsense thinking, artificial intelligence, and
the future of the human mind. New York: Simon & Schuster.

Mobbs, D., Hassabis, D., Seymour, B., Marchant, J. L., Weiskopf, N., Dolan, R. J., & Frith, C.
D. (2009). Choking on the Money: Reward-Based Performance Decrements Are
Associated With Midbrain Activity. Psychological Science, 20(8), 955-962.
http://doi.org/10.1111/j.1467-9280.2009.02399.x

Mori, A., Okamoto, Y., Okada, G., Takagaki, K., Jinnin, R., Takamura, M., et al. (2016).
Behavioral activation can normalize neural hypoactivation in subthreshold depression
during a monetary incentive delay task. Journal of Affective Disorders, 189(C), 254-262.
http://doi.org/10.1016/j.jad.2015.09.036

Multon, K. D., Brown, S. D., & Lent, R. W. (1991). Relation of self-efficacy beliefs to
academic outcomes: A meta-analytic investigation. Journal of Counseling Psychology,
38(1), 30-38. http://doi.org/10.1037/0022-0167.38.1.30

Murayama, K., Matsumoto, M., Izuma, K., & Matsumoto, K. (2010). Neural basis of the
undermining effect of monetary reward on intrinsic motivation. Proceedings of the
National Academy of Sciences, 107(49), 20911-20916.

http://doi.org/10.1073/pnas.1013305107

66



Murayama, K., Matsumoto, M., Izuma, K., Sugiura, A., Ryan, R. M., Deci, E. L., &
Matsumoto, K. (2015). How Self-Determined Choice Facilitates Performance: A Key
Role of the Ventromedial Prefrontal Cortex. Cerebral Cortex, 25(5), 1241-1251.
http://doi.org/10.1093/cercor/bht317

Narita, K., Shimonaka, Y., Nakazato, K., Kawaai, C., Sato, S., & Osada, Y. (1995). A
Japanese Version of the Generalized Self-Efficacy Scale. The Japanese Journal of
Educational Psychology, 43(3), 306-314. http://doi.org/10.5926/jjep1953.43.3 306

Nicholls, J. G. (1984). Achievement motivation: Conceptions of ability, subjective experience,
task choice, and performance. Psychological Review, 91(3), 328-346.
http://doi.org/10.1037/0033-295X.91.3.328

Nieuwenhuys, R., Voogd, J., & van Huijzen, C. (2008). The Human Central Nervous System
(4 ed.). Berlin: Springer. http://doi.org/10.1007/978-3-540-34686-9

Niv, Y., Daw, N. D., & Dayan, P. (2006). Choice values. Nature Neuroscience, 9(8), 987-988.
http://doi.org/10.1038/nn0806-987

Nowak, A., Vallacher, R. R., Tesser, A., & Borkowski, W. (2000). Society of self: The
emergence of collective properties in self-structure. Psychological Review, 107(1), 39—61.
http://doi.org/10.1037/0033-295X.107.1.39

O'Leary, A. (1985). Self-efficacy and health. Behaviour Research and Therapy, 23(4), 437—
451. http://doi.org/10.1016/0005-7967(85)90172-X

Ochsner, K. N., Beer, J. S., Robertson, E. R., Cooper, J. C., Gabrieli, J. D. E., Kihsltrom, J. F.,
& D'Esposito, M. (2005). The neural correlates of direct and reflected self-knowledge.
Neurolmage, 28(4), 797-814. http://doi.org/10.1016/j.neuroimage.2005.06.069

Oliveira, F. T. P., McDonald, J. J., & Goodman, D. (2007). Performance Monitoring in the
Anterior Cingulate is Not All Error Related: Expectancy Deviation and the
Representation of Action-Outcome Associations. Journal of Cognitive Neuroscience,

19(12), 1994-2004. http://doi.org/10.1162/jocn.2007.19.12.1994

67



Patall, E. A., Cooper, H., & Robinson, J. C. (2008). The effects of choice on intrinsic
motivation and related outcomes: A meta-analysis of research findings. Psychological
Bulletin, 134(2), 270-300. http://doi.org/10.1037/0033-2909.134.2.270

Perry, D. G., & Perry, L. C. (1975). Observational learning in children: Effects of sex of
model and subject's sex role behavior. Journal of Personality and Social Psychology,
31(6), 1083—1088. http://doi.org/10.1037/h0076944

Phan, K. L., Wager, T., Taylor, S. F., & Liberzon, 1. (2002). Functional Neuroanatomy of
Emotion: A Meta-Analysis of Emotion Activation Studies in PET and fMRI. Neurolmage,
16(2), 331-348. http://doi.org/10.1006/nimg.2002.1087

Phillips, J. M., & Gully, S. M. (1997). Role of goal orientation, ability, need for achievement,
and locus of control in the self-efficacy and goal-setting process. Journal of Applied
Psychology, 82(5), 792—802. http://doi.org/10.1037/0021-9010.82.5.792

Pintrich, P. R., & de Groot, E. V. (1990). Motivational and self-regulated learning
components of classroom academic performance. Journal of Educational Psychology,
82(1), 33—40. http://doi.org/10.1037/0022-0663.82.1.33

Platek, S. M., Keenan, J. P., Gallup, G. G., Jr, & Mohamed, F. B. (2004). Where am 1? The
neurological correlates of self and other. Cognitive Brain Research, 19(2), 114-122.
http://doi.org/10.1016/j.cogbrainres.2003.11.014

Rosenberg, M. (1965). Society and the adolescent self-image. Princeton, N.J: Princeton
University Press.

Rucci, P., Gherardi, S., Tansella, M., Piccinelli, M., Berardi, D., Bisoffi, G., et al. (2003).
Subthreshold psychiatric disorders in primary care: prevalence and associated
characteristics. Journal of Affective Disorders, 76(1-3), 171-181.

http://doi.org/10.1016/S0165-0327(02)00087-3

68



Rushworth, M. F. S.,; & Behrens, T. E. J. (2008). Choice, uncertainty and value in prefrontal
and cingulate cortex. Nature Neuroscience, 11(4), 389-397.
http://doi.org/10.1038/nn2066

Rushworth, M. F., Buckley, M. J., Behrens, T. E., Walton, M. E., & Bannerman, D. M.
(2007). Functional organization of the medial frontal cortex. Current Opinion in
Neurobiology, 17(2), 220-227. http://doi.org/10.1016/j.conb.2007.03.001

Rushworth, M. F., Kolling, N., Sallet, J., & Mars, R. B. (2012). Valuation and decision-
making in frontal cortex: one or many serial or parallel systems? Current Opinion in
Neurobiology, 22(6), 946-955. http://doi.org/10.1016/j.conb.2012.04.011

Ryan, R. M., & Deci, E. L. (2000a). Intrinsic and Extrinsic Motivations: Classic Definitions
and New Directions. Contemporary Educational Psychology, 25(1), 54—67.
http://doi.org/10.1006/ceps.1999.1020

Ryan, R. M., & Deci, E. L. (2000b). Self-determination theory and the facilitation of intrinsic
motivation, social development, and well-being. American Psychologist, 55(1), 68-78.
http://doi.org/10.1037/0003-066X.55.1.68

Sabatinelli, D., Bradley, M. M., Fitzsimmons, J. R., & Lang, P. J. (2005). Parallel amygdala
and inferotemporal activation reflect emotional intensity and fear relevance. Neurolmage,
24(4), 1265-1270. http://doi.org/10.1016/j.neuroimage.2004.12.015

Samejima, K., Ueda, Y., Doya, K., & Kimura, M. (2007). Action value in the striatum and
reinforcement-learning model of cortico-basal ganglia network. Neuroscience Research,
58, S22. http://doi.org/10.1016/j.neures.2007.06.127

Sapolsky, R. M. (2000). Glucocorticoids and Hippocampal Atrophy in Neuropsychiatric
Disorders. Archives of General Psychiatry, 57(10), 925-11.
http://doi.org/10.1001/archpsyc.57.10.925

Saunders, R. C., Rosene, D. L., & Van Hoesen, G. W. (1988). Comparison of the efferents of

the amygdala and the hippocampal formation in the rhesus monkey: II. Reciprocal and

69



non-reciprocal connections. Journal of Comparative Neurology, 271(2), 185-207.
http://doi.org/10.1002/cne.902710203

Scheier, M. F., & Carver, C. S. (1992). Effects of optimism on psychological and physical
well-being: Theoretical overview and empirical update. Cognitive Therapy and Research,
16(2), 201-228. http://doi.org/10.1007/BF01173489

Scholz, U., Gutiérrez Dona, B., Sud, S., & Schwarzer, R. (2002). Is General Self-Efficacy a
Universal Construct?1. European Journal of Psychological Assessment, 18(3), 242-251.
http://doi.org/10.1027//1015-5759.18.3.242

Schultz, W. (1998). Predictive Reward Signal of Dopamine Neurons. Journal of
Neurophysiology, 80(1), 1-27.

Schultz, W. (2015). Neuronal Reward and Decision Signals: From Theories to Data.
Physiological Reviews, 95(3), 853-951. http://doi.org/10.1152/physrev.00023.2014

Schunk, D. H. (1989). Self-efficacy and achievement behaviors. Educational Psychology
Review, 1(3), 173-208. http://doi.org/10.1007/BF01320134

Sharot, T., Korn, C. W., & Dolan, R. J. (2011). How unrealistic optimism is maintained in the
face of reality. Nature Neuroscience, 14(11), 1475-1479. http://doi.org/10.1038/nn.2949

Sharot, T., Riccardi, A. M., Raio, C. M., & Phelps, E. A. (2007). Neural mechanisms
mediating optimism bias. Nature, 450(7166), 102—105.
http://doi.org/10.1038/nature06280

Sheline, Y. I., Gado, M. H., & Kraemer, H. C. (2003). Untreated Depression and
Hippocampal Volume Loss. American Journal of Psychiatry, 160(8), 1516—-1518.
http://doi.org/10.1176/appi.ajp.160.8.1516

Sherer, M., Maddux, J. E., Mercandante, B., Prentice-Dunn, S., Jacobs, B., & Rogers, R. W.
(1982). The Self-Efficacy Scale: Construction and Validation. Psychological Reports,

51(2), 663—671. http://doi.org/10.2466/pr0.1982.51.2.663

70



Shibata, K., Yamagishi, N., Ishii, S., & Kawato, M. (2009). Boosting perceptual learning by
fake feedback. Vision Research, 49(21), 2574-2585.
http://doi.org/10.1016/j.visres.2009.06.009

Shrauger, J. S., & Terbovic, M. L. (1976). Self-evaluation and assessments of performance by
self and others. Journal of Consulting and Clinical Psychology, 44(4), 564-572.
http://doi.org/10.1037/0022-006X.44.4.564

Small, D. M., Gregory, M. D., Mak, Y. E., Gitelman, D., Mesulam, M. M., & Parrish, T.
(2003). Dissociation of Neural Representation of Intensity and Affective Valuation in
Human Gustation. Neuron, 39(4), 701-711. http://doi.org/10.1016/S0896-
6273(03)00467-7

Smith, S. A., Kass, S. J., Rotunda, R. J., & Schneider, S. K. (2006). If at first you don't
succeed: Effects of failure on general and task-specific self-efficacy and performance.
North American Journal of Psychology, 8(1), 171-182.

Spampinato, M. V., Wood, J. N., De Simone, V., & Grafman, J. (2009). Neural Correlates of
Anxiety in Healthy Volunteers: A Voxel-Based Morphometry Study. Journal of
Neuropsychiatry, 21(2), 199-205. http://doi.org/10.1176/appi.neuropsych.21.2.199

Stajkovic, A. D., & Luthans, F. (1998). Self-efficacy and work-related performance: A meta-
analysis. Psychological Bulletin, 124(2), 240-261. http://doi.org/10.1037/0033-
2909.124.2.240

Sutton, R. S., & Barto, A. G. (1998). Reinforcement Learning. MIT Press.

Takagaki, K., Okamoto, Y., Jinnin, R., Mori, A., Nishiyama, Y., Yamamura, T., et al. (2014).
Behavioral characteristics of subthreshold depression. Journal of Affective Disorders,
168(c), 472—475. http://doi.org/10.1016/j.jad.2014.07.018

Takagaki, K., Okamoto, Y., Jinnin, R., Mori, A., Nishiyama, Y., Yamamura, T., et al. (2016).

Behavioral activation for late adolescents with subthreshold depression: a randomized

71



controlled trial. European Child & Adolescent Psychiatry, 25(11), 1171-1182.
http://doi.org/10.1007/s00787-016-0842-5

Takahashi, Y., Yamagata, S., Kijima, N., Shigemasu, K., Ono, Y., & Ando, J. (2007). Gray's
Temperament Model : Development of Japanese Version of BIS/BAS Scales and A
Behavior Genetic Investigation Using the Twin Method. The Japanese Journal of
Personality, 15(3), 276-289. http://doi.org/10.2132/personality.15.276

Themanson, J. R., Pontifex, M. B., Hillman, C. H., & McAuley, E. (2011). The relation of
self-efficacy and error-related self-regulation. International Journal of Psychophysiology,
80(1), 1-10. http://doi.org/10.1016/j.ijpsycho.2011.01.005

Thorndike, E. L. (1905). The elements of psychology. New York, NY, US: A G Seiler.
http://doi.org/10.1037/10881-000

Ullsperger, M., & Cramon, von, D. Y. (2004). Decision making, performance and outcome
monitoring in frontal cortical areas. Nature Neuroscience, 7(11), 1173—-1174.
http://doi.org/10.1038/nn1104-1173

Ullsperger, M., Danielmeier, C., & Jocham, G. (2014). Neurophysiology of performance
monitoring and adaptive behavior. Physiological Reviews, 94(1), 35-79.
http://doi.org/10.1152/physrev.00041.2012

Ullsperger, M., Nittono, H., & Cramon, von, D. Y. (2007). When goals are missed: Dealing
with self-generated and externally induced failure. Neurolmage, 35(3), 1356—-1364.
http://doi.org/10.1016/j.neuroimage.2007.01.026

Videbech, P. (2004). Hippocampal Volume and Depression: A Meta-Analysis of MRI Studies.
American Journal of Psychiatry, 161(11), 1957-1966.
http://doi.org/10.1176/appi.ajp.161.11.1957

Wagner, G., Koch, K., Schachtzabel, C., Reichenbach, J. R., Sauer, H., & Schlésser Md, R. G.

M. (2008). Enhanced rostral anterior cingulate cortex activation during cognitive control

72



is related to orbitofrontal volume reduction in unipolar depression. J Psychiatry Neurosci,
33(3), 199-208.

Walton, M. E., Croxson, P. L., Behrens, T. E. J., Kennerley, S. W., & Rushworth, M. F. S.
(2007). Adaptive decision making and value in the anterior cingulate cortex. Neurolmage,
36, T142-T154. http://doi.org/10.1016/j.neuroimage.2007.03.029

Weiner, B. (1980). Human Motivation. New York: Holt, Rinehart and Winston.

Wiener, N. (1965). Cybernetics Or Control and Communication in the Animal and the
Machine (2nd ed.). Cambridge: M.L.T. Press.

Williams, S. L., & Watson, N. (1985). Perceived danger and perceived self-efficacy as
cognitive determinants of acrophobic behavior. Behavior Therapy, 16(2), 136—146.
http://doi.org/10.1016/S0005-7894(85)80041-1

Williams, S. L., Turner, S. M., & Peer, D. F. (1985). Guided mastery and performance
desensitization treatments for severe acrophobia. Journal of Consulting and Clinical
Psychology, 53(2), 237-247. http://doi.org/10.1037/0022-006X.53.2.237

Womelsdorf, T., Ardid, S., Everling, S., & Valiante, T. A. (2014). Burst Firing Synchronizes
Prefrontal and Anterior Cingulate Cortex during Attentional Control. Current Biology,
24(22),2613-2621. http://doi.org/10.1016/j.cub.2014.09.046

Yeung, N., Botvinick, M. M., & Cohen, J. D. (2004). The Neural Basis of Error Detection:
Conflict Monitoring and the Error-Related Negativity. Psychological Review, 111(4),
931-959. http://doi.org/10.1037/0033-295X.111.4.931

Zald, D. H. (2003). The human amygdala and the emotional evaluation of sensory stimuli.
Brain Research Reviews, 41(1), 88—123. http://doi.org/10.1016/S0165-0173(02)00248-5

Zatorre, R. J., Fields, R. D., & Johansen-Berg, H. (2012). Plasticity in gray and white:
neuroimaging changes in brain structure during learning. Nature Neuroscience, 15(4),

528-536. http://doi.org/10.1038/nn.3045

73



Zhang, S., & Li, C.-S. R. (2012). Functional connectivity mapping of the human precuneus by
resting state fMRI. Neurolmage, 59(4), 3548-3562.
http://doi.org/10.1016/j.neuroimage.2011.11.023

Zhao, K., Liu, H., Yan, R., Hua, L., Chen, Y., Shi, J., et al. (2017). Altered patterns of
association between cortical thickness and subcortical volume in patients with first
episode major depressive disorder A structural MRI study. Psychiatry Research:
Neuroimaging, 260(C), 16-22. http://doi.org/10.1016/j.pscychresns.2016.12.001

Zimmerman, B. J. (2000). Self-Efficacy: An Essential Motive to Learn. Contemporary
Educational Psychology, 25(1), 82-91. http://doi.org/10.1006/ceps.1999.1016

Zimmerman, B. J., & Ringle, J. (1981). Effects of model persistence and statements of
confidence on children's self-efficacy and problem solving. Journal of Educational

Psychology, 73(4), 485-493. http://doi.org/10.1037/0022-0663.73.4.485

74



