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The main aim of my PhD thesis was to add knowledge about how the self (i.e., the self-concept)
is represented in the brain. | completed three empirical projects that | present across three
empirical chapters. In the first empirical chapter (Chapter 2), | report two fMRI experiments with
a searchlight RSA approach to investigate where and how the self is represented in the brain. |
found that the self is represented in the mPFC in terms of self-importance, but not self-
descriptiveness. In the second empirical chapter (Chapter 3), | conducted a behavioural
experiment. | used an evaluative priming paradigm to test the psychological meaning of the
associative links that connect self-related concepts to the self in an associate network model of
the self. | hypothesised that the associative links represent self-importance. The hypothesis was
disconfirmed. In the third empirical chapter (Chapter 4), | conducted an fMRI experiment with an
MVPA and RSA searchlight approach. | tested similarities and differences in neural patterns of
activation for the self-reference task compared to three other tasks known to activate the
mPFC, that is, the other-reference task, an autobiographical memory task, and an introspection
task. | found that some patterns of activation in the mPFC are shared across the self-reference
task and the other three tasks, whereas other patterns of activation are specific to the self.
Taken together, the findings contribute to understanding how information about the selfis

represented in the brain and open up new research directions.
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Chapter 1

Chapter 1 Literature review

1.1 What Is the Self?

Humans, as a social species, are dependent on social interactions for survival (Sedikides
et al., 2006). To successfully navigate social interactions, they need knowledge about
themselves (Decety & Sommerville, 2003). From an evolutionary perspective the self has
evolved in response to human’s ecological and social pressures (Sedkides & Skowronski, 1997).
Sedikides and Skowronski (2000) propose an evolutionary account of the self, that is, the
symbolic self. The symbolic self consists of three important capacities. The first capacity of the
symbolic self is the representational self which stores an individual’s mental representations of
the past, present and future self. These representations include an individual’s knowledge
about themselves such as their traits, roles, values, preferences and beliefs (Markus, 1983). The
second capacity of the symbolic self is the executive self and entails decision-making and the
ability to regulate the self in relation to the physical and social environment. The executive selfis
guided by three motives: valuation (i.e., self-enhancement and self-protection), learning (i.e.,
seeking accurate information about the self) and homeostatic (i.e., seeking self-consistent
information). The third capacity of the symbolic self is the reflexive self which involves an
individual’s ability to be conscious of themselves. This reflexive capacity allows an individual to
depict themselves in the context of other objects and to flexibly change in response to the
environment, such as altering long-term goals. Together, the dynamic interplay between these

three capacities makes the symbolic self (Sedikides & Skowronski, 2000).

The current thesis focuses on the representational capacity of the symbolic self. | define
the self-concept (or “the self”’) as knowledge about one’s personality, such as our traits, roles,
values, preferences, and beliefs (Markus, 1983). The self has been of interest to psychologist for
over a century (James, 1890). For the past 25 years, the self has also been studied extensively by
cognitive neuroscientists, who have consistently identified activation in the medial prefrontal

cortex (mMPFC) and posterior cingulate cortex (PCC) during self-related processing (Wagner et
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al., 2012, 2019). Recurring questions have been whether the self is specialiin the brain, and
what information about the self that is represented in the mPFC. Answers, however, remain

elusive.

1.2 The Self as a Memory Structure

In the 1950s and 1960s, human cognition was primarily understood through two main
approaches. One approach was based on a computer metaphor. According to it, cognition
functions as a production system in which processes are activated through sequential, rule-
based steps (Newell & Simon, 1972; O’Reilly & Munakata, 2000). Another approach proposed
that cognition operates as a network of interconnected neurons (O’Reilly & Munakata, 2000).
This proposal arose from advancements in neurobiology's understanding of neuron’s functions.
Examples include McCulloch and Pitt’s (1943) binary model of neural processing, suggesting
that neuralfiring is “all or nothing” and can be modelled as basic logical operations, and Hebb’s

(1949) finding that neurons that are coactivated develop stronger connections.

Inthe 70s, Anderson and his colleagues (Anderson, 1976; Anderson & Bower, 1973; see
also: Anderson, 1983; Anderson & Conway, 1993) proposed the Adaptive Control of Thought
model, which was based on both the computer metaphor and the neuron-like network
framework. The model’s aim was to explain human cognition in terms of language processing,
inference making, and memory. The modelincluded a production system that used if-then rules
to perform procedural knowledge tasks, whereas an associative memory network served as a
model for declarative knowledge. Procedural knowledge consists of “action-taking”
productions that can be either mental or motoric skills (Winograd, 1975). Declarative knowledge
consists of all factual information that people have, and can be divided into semantic and

episodic memories.

The self-concept consists of knowledge about ourselves and is thus part of our broader
social knowledge, which in turn forms part of the entire memory system. Specifically, the self-

concept is a subset of our declarative memories of our social world (Kihlstrom & Cantor, 1984).
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Here, semantic memory includes implicit personality theories, categorical knowledge about
people and social situations, and detailed representations of both the self and other peoplein
one’s life. Whereas episodic memory comprises autobiographical memories of specific events

and experiences (Kihlstrom & Cantor, 1984; Tulving, 1983).

Given that the self-concept is part of memory, it can be represented as an associate
network memory structure of one’s declarative memories. Indeed, many psychologists have
proposed associative network models of the self-concept (Bower & Gilligan, 1979; Greenwald et
al., 2002; Kihlstrom & Cantor, 1984; Kihlstrom & Klein, 1994; Markus & Sentis, 1982). In an
associative network model, the self is represented as a central node connected by associative

links to other nodes that represent self-related concepts.

Three models have been developed to explain how associative network models are
organised in memory (Kihlstrom et al., 2003). The independence model advocates that a self-
node is connected to various separate nodes representing self-related concepts, both in terms
of semantic knowledge and episodic knowledge (Anderson,1976; see: Sedikides & Green, 2000;
Sedikides et al., 2016). The hierarchical model proposes a hierarchical organisation (Kihlstrom &
Klein, 1994; Ostrom et al., 1980). Here, the self-node is directly connected to semantic
knowledge nodes, which are themselves connected to various episodic nodes representing the
specific semantic knowledge. Thus, the episodic knowledge nodes are only indirectly
connected to the self-node. Lastly, the computational model posits that semantic self-related
memories are not stored in memory, but are rather computed online based on episodic
memories when needed (Anderson, 1974, 1981; Locksley & Lenaur, 1981). For example, when
judging whether “kind” is self-descriptive, a person would first retrieve a memory of acting
kindly and then complete the judgment based on the retrieval. (See Figure 1.1 for illustration of

the three models).

In a competitive test of these models, Klein et al. (1989) found support for the

independence model. Their research was based on the idea that a node in an associative link
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can be activated by external stimuli and will spread activation to interconnected nodes
(Anderson, 1976). The spreading of activation between nodes can be measured with reaction
time latencies. Klein et al. presented participants (N = 24) with traits under a combination of
three instructional sets: (1) to judge whether the trait described them (semantic memory); (2) to
define the trait (control condition); (3) to recall a time they behaved in accordance with the trait
(episodic memory). For each trait presented, participants carried out two of the three
instructional sets; for example, when presented with the word “shy” they would first recall a
memory, then judge if it described them. The two instructional sets were presented in sequence
in varied order: (1) define then recall; (2) describe then recall; or (3) recall then describe.
Additionally, participants repeated the same judgement twice consecutively, as a control
condition. According to the hierarchical model, given that episodic memories are only indirectly
linked to the self node through the semantic nodes, activating semantic nodes would facilitate
judgements of episodic memory. Thus, making trait judgements would prime and facilitate
subsequent performance in the recall condition. According to the computational model, recall
of an episodic memory of a behaviour would prime and facilitate subsequent trait judgements.
Finally, the absence of a priming effect would favour the independence model. Klein et al.
obtained priming effects for a trait when the same task was repeated twice. However, they did
not observe priming effects when the two consecutive trials consisted of different tasks, in
support of the independence model. Follow-up research reinforced their findings (Klein &

Lofthus, 1990, 1993; Klein et al., 1997).
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Figure 1.1 Three Associative Memory Models
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In the independence model tested by Klein et al. (1989), the self-related nodes were not
interconnected. However, according to other authors, the nodes are also interconnected with
one another (Greenwald et al., 2002; Kihlstrom & Cantor, 1984). For example, in a model
proposed by Greenwald et al. (2002) (see Figure 1.2), links are interconnected to various
degrees (represented by thickness), depending on strength of the association between
concepts. If there is a strong associative link between two concept nodes, and one concept

node is activated (either by external stimuli or another concept), activation will spread faster.

Strength of associative links have been measured with the Implicit association test (IAT;
Greenwald et al., 1998, 2002). In the IAT, participants sort items into categories. The task is
based on the assumption that, if words that are strongly related to each other in the associative
network (thicker links) are sorted together, then reaction times will be faster. Research using
this task has yielded numerous findings (see Fazio & Olson, 2003, for a review). Yet the

psychological meaning of “thickness” of the associative links in the model remain unclear.

Figure 1.2 Associative Network Model of Self (Greenwald et al., 2002)
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In summary, drawing inspiration from the functions of neurons, researchers developed
associative network models to represent knowledge and the self-conceptin memory.
Researchers have also addressed whether the self, compared to other concepts in memory, has

special properties. | turn to this issue next.
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1.3 Self-Reference Effect in Memory

Given that a sense of self is essential for human experience, some authors have proposed
that self-related stimuli are unique and have special properties in the brain, as they are
especially memorable compared to other stimuli. Rogers et al. (1977) investigated whether
there is a memory advantage for stimuli judged in relation to the self. They employed an
extended version of the depth of processing task, previously used in memory experiments (Craik
& Tulving, 1975) to examine the encoding strength of different conditions. In those memory
experiments, the conditions included judging various properties of words, such as rhyme,
structural properties, or meaning. The typical finding was that words judged for their meaning
(semantic condition) were better remembered in a later recall task compared to the other
conditions. Craik and Tulving suggested that the semantic judgement condition showed better
recall, because it involved elaborative processes in memory; thatis, when a word is judged for
its meaning, it will be connected to related information in memory (creating traces), and these
connections will later serve as retrieval routes. Words that create the most elaborate traces in

memory are more deeply encoded and better remembered.

In Rogers et al.’s (1977) experiment, participants (N = 28) completed the self-reference
task where they were instructed to judge if a word described them (e.g., Does “kind” describe
you?), in addition to a semantic control (e.g., Does “happy” mean the same as “optimistic”?),
phonetic (e.g., Does “shy” rhyme with “try”?), and structural (e.g., Is the word “caring” written in
big letters?) condition. Following the judgement task, participants were asked to write down as
many words as they could remember. They remembered more words judged in relation to the
self compared to words judged in the semantic control condition (which had been found to
show the highest recall; Craik & Tulving, 1975). As the self-reference condition resulted in better
recall than even the semantic condition, and the main difference between the two conditions
was self-reference processing, Rogers et al. concluded that the self has superior mnemonic
abilities. Furthermore, they concluded that self-reference processing is powerful and rich for

encoding information, leading to deep, elaborate traces in memory. They labelled the enhanced
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recall of self-related stimuli as “the self-reference effect.” A limitation of this pioneering
experiment was that it did not compare the self condition to another person. Thus, the effect

could be due to judgements about social stimuli in general rather than the self in particular.

Bower and Gilligan (1979) compared the self-reference task to that of a close other. Here,
participants (N = 40) viewed traits and completed four judgements: (1) “can you access a
personal experience in which you exemplified this trait?”; (2) “Does the trait describe you?”; (3)
“Canyou access an incident, either directly experienced by you or told to you, in which your
mother exemplified this trait?”; (4) “Does this adjective describe Walter Cronkite?”. (Walter
Cronkite was a well-known journalist at the time). Next, participants engaged in a distractor task
(addition calculation) for 10 minutes, followed by a recall task, where they were asked to list as
many words as possible. Finally, they viewed all the traits again, in addition to new traits, in
random order. Here, the task was to recognise the previously presented traits. Bower and
Gilligan found enhanced recall and recognition in the self-reference condition, the personal
memory condition, and the mother-reference condition, compared to the public other
condition. There was no difference in recall or recognition, across the self-reference, personal
memory, or mother-reference conditions. The results, then, indicate a reference effect for both
the self and a close other, contradicting Rogers et al.’s (1977) conclusion that the selfis a
unique cognitive structure. According to Bower and Gilligan, both the self-reference and other-
reference effects are due to linking presented traits to a pre-existing knowledge structure. This
linking is done more efficiently in these two tasks, compared to the semantic condition,
because people have relatively elaborate knowledge about the self and close others. Following
Bower and Gillian, a large literature replicated the self-reference effect both in comparison to a

semantic control condition and another person (Symons & Johnson, 1997).

Klein and Kihlstrom (1986) argued that the self-reference effect is a result of differential
organisation of stimuli that occurs during the self-reference task compared to control
conditions. Their argument is based on the notion that judgements made in terms of categories

are organised differently in memory compared to words that are not judged in relation to
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categories. In the self-reference task where participants judge if a word describes them, the
items are divided into two categories: words that are self-descriptive and words that are not.
However, this is not the case for judgements made in the control conditions (e.g., “Is the word
written in capital letters?”). Klein and Kihlstrom proposed that this difference explained the
enhanced recall for self-reference judgements. They conducted an experiment to test this
hypothesis. Participants (N = 64) were randomly assigned into four conditions: semantic-
unorganised, self-unorganised, semantic-organised, self-organised. Participantsin the
semantic-unorganised condition read incomplete sentences, followed by a target word, and
judged if it was sensible to use the target word to fill in the gaps in the sentence (e.g., “The
soldier preferred to keep his ___short, Hair?”). Participants in the self-unorganised condition
also read incomplete sentences and a target word, and judged if the sentence described them
(e.g., “l always keep a civil__, Tongue?”). In the semantic-organised condition, participants
judged if a target word was an external body part (“Is this an external body part, Heart?”). In the
self-semantic condition, participants judged if they had ever had an injury related to the
presented word (e.g., “Can you think of an incident in which you had an injury orillness
associated with your Leg?”). Here, the two questions in the organised condition could be
answered by dividing the response into two categories (internal/external body parts and self-
descriptive/not self-descriptive), whereas this was not the case for the unorganised conditions.
Klein and Kihlstrom maintained that words in both organised conditions were part of a sub-
group (based on the categories), whereas words in the unorganised condition were not part of a
sub-group. After the judgement task, all participants wrote down as many words as they could
recall. The results indicated enhanced recall in both organised conditions compared to the two
unorganised conditions. There was no difference in recall between the two unorganised
conditions. Hence, the researchers concluded that the self-reference effect is a result of

organisation rather than the self being a superordinate, highly elaborate construct in memory.

Klein and Lofthus (1988) reported that both elaboration and organisation play arole in

self-reference processing. In prior work, when words in a list were inter-related, an elaboration
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task, compared to an organisation task, lead to better recall, given that the stimuli were
organised to begin with; also, when words were unrelated, organisation, rather than elaboration,
produced higher recall (Begg, 1978; Klein et al., 1988). Klein and Lofthus reasoned that, if they
compared both an organisation task and an elaboration task to the self-reference task, they
could examine the relative contribution of elaboration and organisation. The experiment
involved a 3 (organisation task, elaboration task, self-reference task) x 2 (related words list,
unrelated words list) between-subjects design. In each task, participants (N = 84) were first
presented with 30 cards that were placed upside down. Each card contained a word.
Participants picked up the cards one at atime and read the words sequentially. In the
elaboration task, they generated a definition of the word and rated how difficult it was to do so.
In the organisation task, they placed the word into one of five given categories. In the self-
reference task, they thought of an experience they had that was related to the word. A distractor
task and recall followed. The results indicated that, when stimuli were related, the self-
reference task functioned as an elaboration task, that is, recall was similar in both the
elaboration and self-reference conditions. Recall was better in the elaboration task and the self-
reference task than in the organisation task. On the other hand, when stimuli were unrelated
(and organisation was needed to enhance recall), recall did not differ between the self-
reference task and organisation task. Recall was better in the self-reference task and
organisation task than in the elaboration task. In interpreting the results, Klein and Lofthus
advocated a dual-process account, suggesting that elaboration and organisation are separate
processes implicated in self-reference. However, which of the two processes will have the
largest impact on recall depends on task material (i.e., extent to which stimuli can be related to

each other).

In an attempt to integrate the literature on the self-reference effect, Symons and Johnson
(1997) conducted a meta-analysis. They included 42 experiments that compared the self-
reference task with an other-reference task (involving either a non-close or close other) and a

semantic control tasks. They reported a robust self-reference effect, both compared to other-
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reference and semantic control conditions. When they compared the effect of self-reference to
an other-reference with a close other, the effect was smaller compared to the effect of both a
non-close other and a semantic control condition. Consistent with Klein and Lofthus’s (1988)
conclusion above, they explained their findings in terms of elaboration and organisation. They
argued that self-reference and close-other reference processing have an inherent organisation
advantage over semantic control conditions, because they can be judged in relation to
categories (e.g., self-descriptive and non-self-descriptive words). Symons and Johnson also
highlighted that the robust self-reference effect is a consequence of elaboration: when judging
the meaning of a word, one relates it to already existing semantic memory thatisrich in the case
of self-knowledge. Additionally, these authors emphasised that people think about themselves
frequently, thus self-reference is more frequently practiced compared to control conditions.
Symons and Johnson concluded that self-reference is unique in the way that it is especially
often thought about, more elaborated and can be organised in terms of two categories in
memory compared to any other information. They also highlighted that it would be premature to

conclude that the self is a unique cognitive structure in memory.

Taken together, early research on the self-reference effect has converged in showing
enhanced recall for self-related judgements compared to semantic judgement. To explain this
effect, three explanations have been proposed: (1) the self is a unique cognitive structure in
memory; (2) people have elaborate self-knowledge, just as they can have elaborate, close
other-knowledge; and (3) the self-reference effect arises from a judgement that can be
categorically organised. The results of behavioural experiments, then, have been inconclusive. |

turn to the neuroimaging literature.

1.4 The Self-Reference Memory Effect in Neuroimaging

Armed with neuroimaging methods, cognitive neuroscientists ventured into the
investigation of the self-reference memory effect. In the late 90s, a group of researchers at the

University of Toronto in Canada, conducted the first experiment (N = 8) of the neural basis of the
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self (Craik et al., 1999). They used positron emission tomography (PET) to scan participants
while they performed a judgement task. Participants viewed trait adjectives and judged them in
four conditions: (1) self-reference task (“How well does the adjective describe you?”); (2) other-
reference task (“How well does the adjective describe Brian Mulroney?” —the former prime
minister of Canada); (3) social desirability (“How socially desirable is the trait described by the
adjective?”); (4) and number of syllables (“How many syllables does the adjective contain?”).
The first three conditions required semantic judgement, whereas the fourth condition (baseline)
required phonological judgement. After the scan, participants completed a surprise memory
recognition test. They viewed all the words again and indicated whether they remembered them.
The results did not reveal the standard self-reference effect. The experiment, though, has two
limitations. First, the sample consisted of only eight participants. Secondly, as PET experiments
require long intervals between trials, each participant completed a relatively low number of
trials (32). These limitations may have led to low statistical power, preventing the experiment

from detecting the self-reference memory effect.

Craik et al. (1999) conducted two neuroimaging analyses: one regular contrast
subtraction analysis and a partial least square analysis. The latter is more sensitive, as it
includes information about the covariance between voxels in the analysis. When comparing the
neural activation across the conditions, the authors highlighted that the regular analysis
indicated that activation was very similar for the three semantic conditions. However, when
contrasting the self-reference condition to all other conditions in the partial least square
analysis, they found activation in mPFC, suggesting that the self is distinctively represented in

the mPFC.

Kelley et al. (2002) carried out an fMRI experiment with an event-related design and a
larger sample size (N = 22) of US participants. While in the scanner, participants completed the
self-reference task, the other-reference task, and a case judgement (control condition). In the
other-reference condition, participants judged if a trait adjective described George Bush (the

president at the time), whereas, in the case control condition, they judged if a word was written
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in upper-case letters (Figure 1.3). After the scan, participants completed a surprise memory
recognition test. Kelley et al. replicated the self-reference effect: words judged in relation to the
self were better remembered compared to the two other conditions. Importantly, mPFC and
PCC showed greater activation in the self-reference condition compared to the other two
conditions. Although the authors did not test if the greater mPFC activation on self-reference
trials was related to the enhanced behavioural memory effect, they interpreted their results as
preliminary evidence of an involvement of the mPFC in self-referential processing. They

concluded that self-reference processing is dissociable from other processes in the brain.

Figure 1.3 Example of the Self-Reference and Other-Reference Task

Note. Adapted from Kelley et al. (2002).

Macrae et al. (2004) carried out an fMRI experiment in which they found support for the
idea that mPFC activation is responsible for the self-reference effect. During the scan,
participants (N = 22) made self-reference judgements (“Does this adjective describe you?”) in
addition to control trials where they fixated on a central point on the screen. After the scan,
participants went through a surprise memory recognition test. When comparing activation
during the self-reference task to the control trials, Macrae et al. found an increase in activation
in the visual cortex, parahippocampal gyrus, parietal cortex, dorsal prefrontal cortex, and the

cerebellum. They also found a decrease in activation in the PCC, mPFC, and right
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hippocampus. When they compared activation during trials with words that were later
remembered to trials of words that were later forgotten, they found greater activation in the
mPFC, anterior prefrontal cortex, and parahippocampal gyrus. As mPFC was recruited during
self-reference judgements of remembered trial, Macrae et al. concluded that self-processing is
dissociable from other processes and thus supported the idea that the self is “special” in the
brain. However, this conclusion might have been prematurely drawn. Because the authors only
compared the remembered trials with the forgotten trials for the self-reference condition,
without comparing the effect to another person, they could not conclude that their results were
specific to the self. As reviewed above, Bower and Gilligan found enhanced memory recall and
recognition in the close other condition relative to the semantic condition; thus, it would be
informative to examine whether this is also the case when relating the self-reference effect to

neural activation.

After Macrae et al.’s (2004) inital finding that the mPFC is responsible for the self-
reference effectin memory, only a few studies have aimed to replicate it. Kim and Johnson
(2012) used fMRI to measure brain activation while participants performed an object allocation
task. Specifically, participants (N =12) were presented with two baskets, one on the left side and
the other on the right side of the screen. One basket was named “Mine” and was a certain
colour, whereas the other basket was named “Alex” (stranger) and was another colour. For each
trial, a new object was presented, and a coloured dot appeared to indicate the basket in which
the object should be assigned. Participants pressed a left/right button depending on the colour
of the dot. After the scan, participants underwent a memory test: they were shown each object
again and indicated if it had previously been assigned to the “Mine or “Alex” basket. The
behavioural results of the main task showed that objects assigned to the self were remembered
better than objects assigned to the other. Further, the results indicated greater activation in the
mPFC, paracingulate gyrus, and frontal pole for objects assigned to the self than object
assigned to the other. Furthermore, activation in the mPFC was greater for remembered words

in the self condition compared to the other condition. Kim and Johnson did not use the same
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contrast as Macrae et al. that had compared neural activation for remembered words to
forgotten words. However, the Kim and Johnson results illustrated that the mPFC isrelated to a
self-reference effect also in terms of object ownership. Although this experiment included an
other-person condition, it remains unknown how mPFC activation is related to the self-

reference memory effect when compared to a close other.

On the other hand, Koski et al. (2020) failed to replicate the findings by Macrae et al.
(2004) and Kim and Johnson (2012). They followed the task design and analyses contrasts of
Macrae et al. (2004). However, when comparing remembered to forgotten words, they did not

find any significant activation in the mPFC.

Relatedly, a lesion study investigated if the mPFC is necessary for the self-reference effect
and found evidence suggesting thatitis. In particular, Phillippi et al. (2012) compared
performance on the self-reference task for six patients with mPFC focal damage to performance
of patients with lesions to other cortical (i.e., lateral occipital, temporal, and parietal) regions,
as well as healthy control participants. Patients with mPFC lesions showed a weaker self-
reference effect compared to both the brain damage group and healthy controls, suggesting

that the mPFC is necessary for a consistent and reliable self-reference effect.

The above reviewed experiments have limitations. Although the Philippi et al. (2012)
findings suggest that the mPFC is necessary for a consistent and reliable self-reference effect,
the null findings of Koski et al. (2020), combined with the low sample size (N =12) in the Kim and
Johnson experiment (2012), raise doubts as to whether activation in the mPFC predicts the self-
reference memory effect. Furthermore, itis unclear whether the self-reference effect is specific

to the self, due to lack of a control condition involving a close other.

In summary, neuroscientists used PET and fMRI to investigate the self-reference effect.
Compared to control conditions, the mPFC showed greater activation during the self-reference
condition. A few experiments reported a correlation between the mPFC activation during the

self-reference task and the behavioural self-reference effect. Also, a lesion study found that

29



Chapter 1
mPFC is necessary for the self-reference effect. However, these experiments were few and have
limitations. A persistent question in the neuroimaging literature on the self revolves around
understanding if the self is special in the mPFC. Consequently, a large amount of research has
compared activation during the self-reference task to that of the other-reference task. | review

this research next.

1.5 Comparing the Neural Basis of Self and Other

1.5.1 Self-Reference versus Other-Reference

Social neuroscientists have focused not on the causes of the self-reference memory
effect, but rather on how the self is represented in the brain. Thus, numerous neuroimaging
experiments have used the self-reference task, however, they have not incorporated a surprise
memory test, because their objective was simply to identify brain regions activated during the

self-reference task.

Most of such neuroimaging experiments have compared the self-reference task to an
other-reference task, where the other varies in relation to the self on dimensions such as
familiarity, similarity, or closeness. For example, in the Kelley et al. (2002) experiment outlined
above, the self is compared to a famous person (George Bush), whereas in other experiments
the self is compared to a similar stranger, similar friend, close friend, or family member (Krienen
etal., 2010; Schmitz et al., 2004; Vanderwal et al., 2008). Experiments comparing self-reference
judgement to judgement of other often use a famous public figure that participants know of but
are not personally familiar with. The results usually demonstrate greater activation in the mPFC
in the self-reference condition compared to the other condition. On the other hand, experiments
comparing self-reference to similar or close others have produced mixed findings (Wagner et

al., 2012).

One stream of literature suggests that similarity between self and others is related to

activation in the mPFC during the other-reference task. In an fMRI experiment, Benoit et al.
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(2010) asked participants (N = 13) to perform the self-reference task as well as the other
reference task where they were asked to make descriptiveness judgements about their best
friend. Both tasks involved four response options for the descriptiveness judgements: “yes

”, « 9. « ”, «

sure”; “yes unsure”; “no sure”; “no unsure.” The correlation between responses in the self-
reference task and other-reference task was used as the similarity measure. They did not find
any difference in mPFC activation between the self and other conditions. However, they found
an interaction between the self-other contrast and the similarity measure so that the higher the

similarity between self and best friend, the stronger the activation in mPFC during the other-

reference task.

In an fMRI experiment, Mitchell et al. (2005) also examined neural activation for similarity
to the self. Participants (N = 18) viewed photographs of faces and made two types of
judgements while in a scanner: a mentalising and a non-mentalising one. In the mentalising
condition, they judged how pleased the person in the photograph was, whereas, in the non-
mentalising condition, they judged how symmetrical the person’s face was. After the scan, they
again viewed the faces and rated them on similarity to the self. The dimension of similarity to the
self was not specified. Parametric modulation analysis indicated that the higher the similarity
ratings, the greater the activation in the vmPFC during the mentalising task. Mitchell et al. (2006)
conducted a similar experiment. Here, the similarity dimension was specified; they investigated
similarity in terms of political orientation. Mentalising about politically similar others recruited

the vmPFC, whereas mentalising about political dissimilar others recruited the dmPFC.

Further, Jenkins et al. (2008) used fMRI repetition suppression to investigate if a
judgement of a similar and dissimilar other engages activation like a judgement about the self.
Repetition suppression is based on the assumption that, when conceptually similar stimuli are
presented severaltimes in a row, neural activation responding to the stimuli is suppressed for
the repeated stimuli (Grill-Spector et al., 2006). Firing of neurons for a stimulus is thought to be
fatigued and thus reduced with repetition. Repetition suppression, then, can address if two

stimuli activate the same or different populations of neurons in the brain. Participants (N = 13)
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first viewed images and information about two people: one with similar and one with dissimilar
political views to their own. Next, in an fMRI scanner, they judged how likely the similar other,
the dissimilar other, and themselves would be to agree with a range of statements (e.g., “enjoy
helping friends with problems”). Each trial was followed by either an identical trial or a trial for a
different condition. In this way, researchers could test if the neural response was suppressed
for self-self, similar other-self, and dissimilar other-self. A repetition suppression effect
emerged in the vmPFC for self-self or self-similar other trials, but not self-dissimilar other trials.
The results suggested that people rely on their own minds to understand those of similar others,

but not dissimilar others.

To explain these findings, Mitchell et al. (2005) proposed a self-simulation process in the
vmPFC. Simulation theory suggests that people use their own thoughts, feelings, and
behaviours to understand others’ mental states (Gallagher & Frith, 2003). People, then, use
themselves as a model to understand others. However, this is only plausible if the other person
is similar to oneself. Given that the vmPFC is active during both self-reference processing and
while thinking of similar others, the abovementioned experiments suggested that activation in
the vmPFC during judgements of similar others reflects self-reference processing taking place
to infer and understand others’ thoughts (Benoit, 2010; Mitchell et al., 2005, 2006). Benoit et al.
(2010) further proposed that similarity, and hence the degree of simulation, could explain the
mixed findings of the mPFC activation overlap when comparing self-reference and other
reference. Thus, it may be the variation in similarity to the self that is reflected in the mPFC

activation during the other-reference task.

Inconsistent with the idea of a self-simulation process in the mPFC (Mitchell et al., 2005),
Krienen et al. (2010) reported that close others, but not similar others, showed an overlap in
mPFC activation with self-reference. Before an fMRI experiment, participants (N = 28) provided
photographs and information about two of their friends, one who was similar to them, and one
who was dissimilar. Participants were also presented with photographs and information about a

similar and dissimilar stranger. Similarity to the self depended on individual biographic
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information provided by each participant prior to the scan. It included details about personality,
education, and lifestyle. In an fMRI scanner, participants viewed photographs of either
themselves, the similar friend, dissimilar friend, similar stranger, or dissimilar stranger. They
were presented with a statement of a personal preference and asked to judge what they
believed the preference for the person in the photograph would be. Krienen et al. found greater
activation in the mPFC for self and close others (both similar and dissimilar) compared to
strangers. However, there was no difference in activation between self and close others. These
results indicate an overlap in activation for self and close others, regardless of similarity. The
authors proposed that, instead of similarity to the self, mPFC activation reflects the significance
or socialvalue to the self. That is, due to its importance for survival, people have evolved
mechanisms to discern social information that is relevant to them, such as identifying

information about close others.

In that vein, an experiment by Heleven and Van Overwalle (2019) suggested that the mPFC
responds to both self and close others. Similarly to Jenkins et al. (2008) mentioned above,
Heleven and Van Overwalle used fMRI repetition suppression to compare neural responses
while participants thought about self and a close other. Participants (N = 28) performed the self-
reference task and other-reference task. When completing the other-reference task, they
thought about people close to them (e.g., friend, family member). The conditions were: self
followed by self; self followed by a close other; close other followed by self; a close other
followed by another close other. Like Jenkin et al., Heleven and Van Overwalle observed a
repetition suppression effect in the vmPFC when self-reference was preceded by other-
reference. However, they did not observe the effect the other way around. The researchers
reasoned that close others are likely to be similar to the self and so the asymmetrical results
can be explained by feature of similarity theory (Tversky, 1977). This theory states that, when
two similar concepts are compared, the one that is smaller (or people have less knowledge
about) will seem more similar to the bigger concept than the bigger concept will seem similar to

the smaller one. This is because people can intuitively picture the smaller concept to be a part
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of the bigger, but not the reverse. In the context of Heleven and Van Overwalle’s experiment, the

close other might seem more similar to the self than the self seemed similar to the close other.

Results from additional experiments indicate that the mPFC shows no difference in
activation when thinking about self and a close other, whether in terms of personality traits or
food preferences. For example, Schmitz et al. (2004) and Ochsner et al. (2005) compared self-
reference judgements of trait adjectives to those of a close friend. They found no difference in
mPFC activation between the two conditions. Similarly, Vanderwal et al. (2008) reported no
difference in mPFC activation when participants compared trait judgments of themselves and
their mother. Seger et al. (2004) compared judgements about food preference for self and a
close other, and observed no difference in mPFC activation between the two conditions.
Furthermore, Moran et al. (2011; N =21) compared self-reference judgements to other-
reference judgements of one’s mother in regard to traits and physical appearance. They found
no difference in mPFC activation for self and mother in terms of traits, but greater activation in
the mPFC for appearance judgements in the self condition. In a follow-up experiment, they
asked participants to rate the same aspects on importance to the self. Consistent with their
neuroimaging results, participants’ own traits and appearance, in addition to their mother’s
traits, were most important to the self. Moran et al. concluded that mPFC activation reflects the

integration of a close other’s personality into one’s self-concept (Aron et al., 2004).

However, other experiments have reported contradictory findings, namely, that mPFC
activation is greater for thinking of the self than a close other. Heatherton et al. (2006) asked
participants (N = 30) to judge if traits described themselves, a close other (i.e., their best friend),
or was written in upper case letters. They observed greater mPFC activation during self-
reference judgments compared to both the close other and a control (i.e., case judgement)
condition. D’Argembeau et al. (2007, 2008) found similar results. Also, Chen et al. (2013)
reported greater mPFC activation during self-reference judgements compared to other-

reference judgments about one’s mother. In all, despite extensive research (Wagner et al.,
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2012), experiments that contrasted neural activation during the self-reference task to activation

during the other-reference task with a close other have yielded mixed results.

In a meta-analysis of 25 experiments, Murray et al. (2012) compared experiments that
used the self-reference task to experiments that used the other reference task in which the
other person was either a close other or a famous person. When contrasting self to both close
other and a familiar other, Murray et al. found activation in a cluster in the mPFC, suggesting
that an area of the mPFC is self-specific. Further, when they compared self, close other, and
public figures separately to a semantic control condition, they found a substantial activation
overlap for self and close other in the vmPFC. They additionally observed a partial overlap in
activation for self and famous persons in the mPFC: whereas activation for self and close other
was located in the ventral part of the mPFC, activation for a famous person was located more
dorsally. The authors proposed a reinforcement-expectancy account to explain vmPFC
activation. According to this account, based on previous experience, the vmPFC processes the
anticipation of rewards and exhibits sensitivity and bias toward self-related aspects of stimuli.
Given that the vmPFC was active while thinking about the self and close other, but not a famous
person, this region might track inherent self-relevant features that evoke reinforcement

expectancy responses.

In another meta-analysis, Qin and Northoff (2011) included experiments from four
conditions: self; close other (friends or family); famous person or stranger; resting state. They
included data from 23 experiments for each condition. In contrast to Murray et al. (2012), who
only included experiments related to trait judgements about the self, Qin and Northoff included
experiments using a wider range of self-related stimuli, such as self-face recognition, agency,
sensory experiences, body experiences, thinking of the past and future, as well as personality
traits. Qin and Northoff located a cluster in the mPFC that was active specifically for the self
when contrasted with the close other conditions. Additionally, they located a small cluster with
overlapped activation for the self and close other inthe mPFC and PCC. Activation for the self

and resting state also overlapped in the mPFC. Taken together, these two meta-analyses
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including different types of self-related stimuli, both found areas within the mPFC that are self-

specific, whereas other areas within the mPFC are also active when thinking of close others.

Confounding variables may explain the mixed findings of mPFC activation for self versus
similar or close other (Gillihan & Farah, 2005; Koski et al., 2020). For example, the personin the
other condition was often someone very close to the self (e.g., mother, partner, relative, best
friend). Thus, itis likely that participants had a lot of memories, previous knowledge, and
personal familiarity for a close other compared to a stranger (Koski et al., 2020). Although it is
possible that the factors proposed above (closeness, similarity, or value) explain the mPFC
activation when comparing the self and other reference task, the extent to which confounding

variables are driving these results is unknown.

Another explanation for the mixed results in experiments comparing self-reference to
other-reference is that both tasks require general cognitive processes that recruit mPFC but
that are unrelated to the self (Legrand & Ruby, 2009). Building on the early findings of a self-
reference memory effect (Rogers et al., 1977), authors of several neuroimaging experiments
(Kelley et al., 2002; Macrae et al., 2004; Ochsner et al., 2005) concluded that the mPFC and PCC
are a self-specific neural network. Legrand and Ruby (2009) disagreed with this conclusion.
They highlighted that a range of other tasks (i.e., theory of mind, memory recall, resting state,
inductive and deductive reasoning) also activate the mPFC, and proposed that this activation
might be a result of general cognitive processes that commonly take place during various tasks.
Other reviews concurred (Gillian & Farah, 2005; Ruby & Legrand, 2007). Also, experiments
demonstrated that processes such as autobiographical memory (Martinelli et al., 2013) and
reward (Bartra et al., 2013) activate similar regions within the mPFC. In other words, the bulk of
the literature addressing the self in the brain focused on the link between mPFC activation and
the self-reference task rather than the link between mPFC activation and cognitive processes.
As such, they did not control for potential confounds involved in the self-reference task. It

remains unknown, then, whether the self is indeed “special” in the brain.
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In contrast to fMRI experiments, lesion studies can provide information regarding the
necessity of mPFC for self-reference processing (Vaidya et al., 2019). Marquine et al. (2016)
showed that the mPFC is critical for retrieval of personal trait knowledge of self, but not of a
close other. They conducted a case study of patientJ.S., who sustained a bilateral lesion to the
mPFC. J.S. rated the extent to which traits (e.g., moody, considerate) applied to himself and
another person (i.e., a nurse who had worked with him for nine years). The researchers
compared J.S’s ratings to those of healthy control participants’ ratings of themselves and a
close other. All ratings were carried out on two separate days, 10 days apart. J.S.’s close other
(i.e., the nurse) also rated the extent to which the trait words described J.S. and themselves.
Healthy participants’ close others did the same. Accuracy scores were calculated as the
intraclass correlation between J.S.’s self-ratings and those of the nurse. Consistency scores
were calculated as the intraclass correlation between J.S’s first and second rating of himself.
Both in terms of accuracy and consistency, J.S.’s trait-knowledge was severely impaired
compared to controls. However, both in terms of accuracy and consistency, his trait knowledge
of the close other (i.e., nurse) was intact. Although this study only included one patient, the
results indicate that the mPFC is necessary for processing knowledge of the self, but not of

others, suggesting a specialised role of the mPFC in self-reference processing.

Taken together, the literature comparing mPFC activation for thinking of the self and a
close other have produced mixed results. Explanations of similarity, closeness, and social value
to the self have been proposed to explain the inconsistent results. However, it is also likely that
the results are driven by confounds such as previous knowledge and personal familiarity.
Moreover, the mPFC activation during both the self and other-reference tasks might be due to
common general cognitive processes taking place during the task. Despite a number of
suggestions, and extensive research, the explanations of the mixed findings for self-reference
versus other-reference remain insufficient. Although the fMRI experiments could not provide
any answers regarding specificity, a lesion study suggests a specialised role of mPFC in self-

reference processing. Since these early studies were conducted, a more sensitive analysis

37



Chapter 1
approach which can account for some of the abovementioned confounds has been developed.
The following section will outline these analyses methods and studies utilising them to examine

the representation of self and other in the brain.

1.5.2 Multivariate Analysis Experiments Comparing Self and Other

The experiments reviewed so far have used a univariate analysis approach. In the last
decade, the neuroimaging literature on the self has increasingly shifted from a conventional
univariate analysis approach to a multivariate analysis one (Wagner et al., 2019). Univariate
analysis is run for each voxel in isolation, simultaneously. Then, the magnitude of activationin a
region, or the whole brain, is compared for different conditions (e.g., self-reference versus
other-reference; Norman et al., 2006). Although the research examining the self in the brain with
a univariate analysis approach has been extensive (Wagner et al., 2012) and has identified
regions that are active during the self-reference task, there is only so much information such an
approach can provide. Multivariate analysis is more sensitive, as itincludes information about
the distributed patterns of activation across multiple voxels. As such, it moves beyond merely
comparing the magnitude of activation for two condition, allowing the test of more complex

questions (Dimsdale-Zucker & Ranganath, 2019).

Furthermore, in contrast to univariate analyses, multivariate analyses can provide
information regarding a common neural mechanism of different tasks (Woo et al., 2014). For
example, experiments using a traditional univariate analysis approach found that both social
rejection and physical pain activate the dorsal anterior cingulate cortex (dACC; Eisenberger et
al., 2003; Kross et al., 2011), implying that the two forms of pain are based on a common neural
representation (Kross et al., 2011). However, multivariate analyses later revealed that these two
tasks rely on separate neural mechanisms in the dACC (Woo et al., 2014). The same holds for
social conformity and reinforcement learning: a shared neural mechanism for the two tasks was
proposed based on univariate results (Klucharev et al., 2009), whereas distinct neural

mechanisms were uncovered using multivariate analyses later (Levorsen et al., 2021). Put
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otherwise, researchers cannot draw conclusions about a common neural representation based
on a univariate analysis activation overlap. Next, | consider various multivariate analysis

approaches.

Multi-voxel pattern analysis (MVPA) can include several different types of multivariate
analyses; however, it is most often used with a multivariate pattern classifier. The runs of data
are divided into training and testing subsets. For example, if the purpose is to investigate
whether the self-reference and other-reference task are based on distinguishable patterns of
neural activation, and the researcher has five runs of data, they would first assign the first four
runs for both tasks as training data. The remaining data, run 5, would be used as test data. The
classifier would first use the training data to attempt to learn to distinguish the data from the
two tasks from each other. After training, the classifier would be applied to the test data to find
out if it can reliably distinguish neural activation during the self-reference task from that of the
other-reference task. If it can do so with an above chance accuracy, it is assumed that the two
conditions are based on different neural mechanisms (Norman et al., 2006; Wagner et al., 2019)
(See Figure 1.4). This type of analysis is often employed with leave-one-out cross-validation.
That s, parts of the data are initially designated as training data, whereas other parts serve as
test data. After running the analysis and calculating accuracy, the roles are systematically
swapped until each run has been used as test data. For example, in the first round, run 1-4 is
used as training data, whereas run 5 is used as test data. Subsequently, in the next round, run 2-
5 would be used as training data, and run 1 as test data. In the following round, runs 3, 4, 5, and
1 would be used as training data, whereas run 2 would be used a test data, and so on. In this

way, the test data are always independent from the training data.
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Figure 1.4 Multi-Voxel Pattern Analysis

Training data

Self-reference Other-reference
(run 1-4) (run1-4)
Leave-one-out
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(run 5) (run5)

l

Self-reference or Other-reference

Note. Each square represents the activation value of a voxel (the darker the colour, the higher activation)

for the given condition. MVPA is conducted separately for each participant.

MVPA approaches can be applied at various spatial scales, such as searchlights, region of
interest (ROI), and the whole brain (Figure 1.5). MVPA approaches are often used in combination
with searchlight analysis (Kriegeskorte et al., 2006) to investigate the local patterns of
activation. In searchlight analysis, a “searchlight” is put on a small subset of voxel at a time.
Each voxel within the whole brain or an ROl is subsequently a centre voxel. For each searchlight
the value from the centre voxel and its surrounding voxels are extracted, and the analysis (e.g.,
MVPA with a classifier) is conducted within the given searchlight. The searchlight is then moved
to the next centre voxel where the same process is repeated. This process continues until all
voxels in the brain or the given ROl have been a centre voxel. The shape and size of each
searchlight varies across experiments. The shape is three dimensional and can be formed as a
cube, adiamond, or a sphere (Dimsdale-Zucker & Ranganath, 2019). Searchlight analysis is the
smallest spatial scale and can identify locally distributed patterns of activation. Searchlight
analysis is useful to investigate psychological processes with fine-grain representations that

might not be captured at the regional or whole brain level (Jolly & Chang, 2021).
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Figure 1.5 Different Spatial Scales Used to Perform MVPA: Searchlight, Region of Interest

and Whole Brain

4

Searchlight Region of interest Whole brain

Koski et al. (2020) used MVPA to compare the neural code for self-reference to other-
reference in the mPFC. They used a minimal group paradigm to compare the neural
representation of the self to a minimally related other (a person allocated to the same group as
the participant prior to the scan) and an unrelated other. They intended to test if experiments
that reported an overlap in mPFC activation for the self and both close and similar others were
confounded by previous knowledge. They therefore included a minimally related other
condition, a condition that is emotionally related to the self, but with no previous knowledge.
Prior to an fMRI scan, participants (N = 48) viewed pictures of two strangers who ostensibly had
taken partin this experiment and were randomly assigned to a red or a blue group. Next,
participants were led to believe that they were randomly assigned to the blue group, and thus
shared a minimal connection with the person in their group. Participants performed both the
self-reference task and the other-reference task in which they made judgements about the two
others: the minimally related other and the unrelated other (the person who was assigned to a
different group). MVPA with a searchlight approach was performed. The searchlight was moved
throughout a functionally defined mPFC ROI. The MVPA was carried out for each possible pair of
comparisons for the three conditions (i.e., minimally related other versus unrelated other, self

versus unrelated other, self versus minimally related other). The results revealed different
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patterns of activation in the vmPFC for all three conditions (self, minimally related other,

unrelated other), suggesting that the mPFC distinguishes people based on specific identities.

Similarly, Parelman et al. (2022) used MVPA to compare the neural representation of self-
reference to other-reference processing. They employed a mega-analysis approach combining
the data of three fMRI experiments (N = 142). The first experiment examined the effect of self-
affirmations on neural responses while reading threatening health message (Falk et al., 2015).
The second experiment examined the relationship between neural activation during anti-
smoking messages and subsequent behavioural change (Cooper et al., 2015). The third
experiment (unpublished) involved measuring valence in addition to thinking about the self and
other. Each experiment included both self-reference and other-reference tasks. The other
person in the other-reference task varied across experiments: in two of the experiments the
person was a famous other (i.e., Barack Obama, the President at the time) whereas, in one
experiment, the other was a friend. Parelman et al. found that a classifier could distinguish
between patterns of activation for the self-reference and other-reference processingin the
mPFC, PCC, and temporal lobes. The researchers also implemented a ridge PCR-model to
examine the organisation of self and other-related activation in the mPFC. The neural code for
self-reference and other-reference processing was not represented as linear dorsal-ventral
gradient, but rather as a distributed pattern within the mPFC. Here, the peak weights for other-
reference were located both in the ventral and dorsal parts of the mPFC (z = -14, z = 24),

whereas the peak weights for self-reference were located in the ventral part of the mPFC (z = -2).

Another MVPA approach that is often used in fMRI analysis is representational similarity
analysis (RSA; Kriegskorte et al., 2008). In contrast to MVPA with a classifier, which focuses on
distinguishing between patterns of activation for different conditions, RSA focuses on the
relative similarity between conditions. When fMRI data are analysed with RSA, it would, like the
MVPA with a classifier, examine patterns of activation in the neural data. In other words, RSA
would test the relative similarity in the neural patterns of activation. An advantage of RSA is that

itis not limited to including only one type of data in the same analysis. For example, it can
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include both neural and behavioural data (e.g., fMRI data and questionnaire data), data from
different neuroimaging methods (e.g., direct neural recordings and fMRI data), or even data from
different species (e.g., mice and humans; Dimsdale-Zucker & Ranganath, 2019; Kriegeskorte et
al., 2008). Although RSA can be used to compare categorical conditions (like in MVPA with a
classifier, as explained above), itis also suitable for testing relationships with continuous
variables (e.g., rating of mental states). Thatis, RSA can furnish answers to a variety of
hypotheses. The benefit of including multiple types of data and also allowing for testing complex
questions gives RSA a sizeable benefit in terms of flexibility compared to other types of analyses

(Dimsdale-Zucker & Ranganath, 2019; Popal et al., 2020).

When performing RSA, the first step is to quantify similarity by creating a neural
representational similarity matrix (RSM). An RSM is a symmetrical matrix that displays the
similarity between pairs of conditions (or stimuli within condition) in an experiment. In the RSM,
all conditions are displayed on both the vertical and horizontal side of the matrix. To create an
RSM for an fMRI experiment, researchers would first extract the value from each voxelin the
fMRI data (within a given spatial scale, see Figure 1.5). Then, they would calculate correlations
between the values extracted from the fMRI data for pairs of conditions using Person’s
correlation, Euclidean distance, Mahalanobis distance or, cosine distances (Dimsdale-Zucker &
Ranganath, 2019). Next, researchers would create a model RSM, the reference model that
represents the hypothesised model. The model RSM can be computational (e.g., simulating a
cognitive process) or behavioural (e.g., self-reference rating) testing the fit between the
behavioural and neural data. Furthermore, the model RSM can be conceptual, based on anidea
that researchers intend to test without specifying the computation or data on which it is based
(Kriegeskorte et al., 2008). The next step would be to compare the model RSM to the neural RSM
to find out how well the theoretical model represents the neural data. To test the fit, one would
calculate the similarity (e.g., correlation) between the two models. This is often done by
calculating Kendall’s tau between the values in the two RSMs (Dimsdale-Zucker & Ranganath,

2019; Nili et al., 2014). Given that the RSMs are symmetrical, only the values in the lower (or
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upper) triangle are entered into the calculation. The similarity between model RSMs and neural
RSMs can also be visualised through heatmaps. It is also possible to carry out an RSA regression
with multiple model RSMs to test which model RSM best predicts the neural RSM. The
procedure for conducting RSA is completed separately for each participant before second-level

analysis that tests if there is significant similarity across participants in the given region.

As an example, in Figure 1.6, RSA depicts a neural RSM of the similarity between patterns
of activations for the different conditions in an experiment that compares self-reference to other
reference for both a close other and a stranger. It also depicts a (conceptual) model RSM that

represents similar patterns of activation for self and close other.

Figure 1.6 RSA Example
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Also, experiments using RSA indicate that self-reference and other-references processing
are based on different neural patterns of activation in the mPFC. For example, Feng et al., (2018)
asked participants (N = 69) to complete the self-reference task and the other-reference task. In
the other-reference task, participants made other-reference judgements of one’s mother and a
celebrity. Each condition presented words on three different dimensions: traits, physical
attributes, and social roles. Neural responses in the mPFC (specifically in the vmPFC [z = -6])

and PCC distinguished the self from both the other two conditions (celebrity and mother). Also,
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different dimensions of the self were distinguishable in the patterns of activation in these

regions.

Similarly, Courtney and Meyer (2020) employed RSA to compare neural responses during
self-reference and other-reference processing (N = 41). Here, the other-reference task included
close others, acquaintances, and celebrities. In the dmPFC (peaks aroundz=33,z=45and z=
42), the neural representation of the self was different from the representation of each of the
other conditions, whereas close others and acquaintances were similarly represented to each
other. Further, celebrities were represented by different patterns of activation compared to the
self, close others, and acquaintances. In addition, the higher the subjective closeness, the
higher was the similarity of neural patterns in the mPFC, PCC, and precuneus. These results
suggest that (1) self-reference is represented separately from other-reference, and (2)
representation in mPFC is distinguishable for various others, as well as different dimension of

self and other.

Overall, experiments using an MVPA approach have demonstrated that the neural
processing of self-reference and other reference are distinguishable in the mPFC when
comparing the self with another person. Specifically, patterns of activation are distinguishable
when comparing (1) the self to a close other, (2) the self to a minimally related other, and (3) the
self to a stranger. The specific location of patterns of activation within the mPFC that
distinguishes between the self and other varies across experiments. | elaborate on this issue

next.

1.5.3 Spatial Organisation of Self and Other Activation Within the mPFC

The mPFC is a relatively large brain region, and, although self-reference and other-
reference tasks both activate it (Wagner et al., 2012), how this activation is spatially organised
remains a topic of debate. Some experiments suggest that self-reference and other-reference
processes activate separate parts of the mPFC, with self-reference processes being localised in

the vmPFC (van der Meer et al., 2010) and other-reference processes in the dmPFC (Van
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Overwalle 2009). Other experiments, however, suggest the opposite (Koster-Hale et al., 2017;
Lou et al., 2004; Schmitz et al., 2004; Seger et al., 2004). A meta-analysis by Denny et al. (2012)
incorporated peak activation points from 107 experiments using the self-reference or other-
reference tasks, and included the z-coordinates of the experiments in a logistic regression. Self-
reference and other-reference activation was organised along a dorsal-ventral gradient within
the mPFC. These results suggest that, although there is not a stark dorsal-ventral division within
the mPFC, self-reference activation peaks are often located in the ventral part, whereas other-

reference peaks are more commonly found in the dorsal part of the mPFC.

Yet, an electrocorticography (ECoG) experiment yielded contradictory results. Tan et al.
(2022) used ECoG, a method that measures brain activation directly from populations of
neurons, and thus can capture the fast spikes of neurons, while having high spatial resolution.
The researchers recorded activation from several cortical regions: visual cortex, anterior
temporal lobe, temporoparietal junction (TPJ), posteromedial cortex, and mPFC (ventral, dorsal
and anterior parts). Participants (N = 16) were patients who had electrodes surgically implanted
to their cortex to monitor and treat epilepsy prior to surgery. Participants carried out the self-
reference task and the other-reference task (where the other was a neighbour). Activation for
both the self- and other-reference task followed a common pathway which started in visual
cortex, then temporoparietal regions, and finally the mPFC. Also, compared to self-reference,
other-reference activations were slower and longer in all regions except the TPJ. In contrast to
the abovementioned experiments and meta-analysis (Denny et al., 2012; Van der Meer et al.,
2010; Van Overwalle et al., 2009), which suggest a spatial dissociation between self and other
activation within the mPFC, Tan et al. found that (1) activation for both conditions recruited
almost identical sites in the mPFC, and (2) the difference between the two conditions was only
temporal, thatis, other-reference processing started later and lasted longer. The authors
speculated that the temporal difference could be due to the rich and more accessible
information people have about themselves. Although this experiment only included 16

participants, EcoG is a powerful method. By directly recording brain activation at the level of
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populations of neurons, Tan et al. obtained a relatively strong anatomical precision (Parvizi &
Kastner, 2018) compared to the previous fMRI experiments (Denny et al., 2012; Van der Meer et
al., 2010; Van Overwalle et al., 2009), that suggested a spatial dissociation of activation for self

and other in mPFC.

In summary, early fMRI experiments yielded a spatial dissociation within the mPFC for
neural responses of the self-reference and other-reference task, suggesting that neural
activation for the self is located in the ventral portion, whereas neural activation for another
person is located in the dorsal part. A meta-analysis expanded on these findings, proposing a
linear dorsal-ventral gradient organisation in the activation patterns of the two tasks. Recently,
an ECoG experiment challenged these findings, indicating that self- and other-related
responses occur in nearly identical locations within the mPFC. So far, the majority of the
outlined research has focused on comparing self-reference with other-reference, however,
research on the self-reference task has also been investigated in relation to various other tasks.
The following section will outline these studies and present potential explanations for why the

mPFC is active during the self-reference task.

1.6 Explanations for mPFC Activation During Self-Reference

1.6.1 Self-Relevance Is Associated with mPFC Activation

In a few experiments using the self-reference task (Fossati et al., 2003; Macrae et al.,
2004), mPFC activation was greater when participants responded “Yes, this word describes me”
compared to “No, this word does not describe me.” Based on this finding, Moran et al. (2006)
hypothesised that mPFC activation is modulated by the self-relevance of a stimuli. They also
noted that self-relevance is often confounded with stimulus valence (i.e., emotional response to
stimuli one considers self-relevant) and therefore controlled for this factor in their fMRI
experiment. They asked participants (N = 42) to rate the self-descriptiveness (1 = not at all like
me, 4 = very much like me) of both positive (e.g., honest) and negative (e.g., lazy) personality

traits. They used parametric modulation analysis to examine the relationship between neural
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activation and behavioural ratings of the stimuli. Activation in the mPFC and PCC linearly
increased as a function of self-relevance. In addition, regardless of valence, the mPFC and PCC
responded preferentially to self-relevant stimuli. D’Argembeau et al. (2012) replicated the
findings of a positive relationship between activation in the mPFC and PCC and self-
descriptiveness rating, and showed that vmPFC activation is positively associated with self-

importance ratings.

Moran et al. (2009) compared self-reference judgements to social desirability
judgements. They tested whether self-relevance ratings were also related to mPFC activation
when participants (N = 30) made other types of ratings (i.e., “How socially desirable is this
trait?”) about the same stimuli, and not just during explicit self-descriptiveness ratings (i.e.,
“How much does this trait describe me?”). The authors considered the social desirability rating
implicit because, in the task, participants made judgments and processed the stimuli without
directly relating the items to themselves. The researchers replicated their prior finding (Moran et
al., 2006) that the higher the rating, the greater the mPFC activation during the self-reference
task. However, they obtained these results only for the explicit judgements task, and not the
implicit (i.e., social desirability) task. It appeared that self-reflection is necessary for modulating
mPFC activation based on the self-relevance of stimuli rather than merely responding to stimuli

in a non-self-related task.

Phan et al. (2004) reported a positive association between self-relevance ratings and
mPFC activation. Participants (N =12) rated the emotional intensity and self-relatedness of
affective pictures while in the scanner. The higher the self-relatedness rating, the greater the
activation in mPFC during the self-relatedness task was, whereas the emotional intensity rating

was positively correlated with activation in the amygdala.

In an experiment by Northoff et al. (2009), participants (N = 15) passively viewed pictures
while in an fMRI scanner, and then completed a self-relatedness rating, an emotional valence

(i.e., pleasantness) rating, and an intensity rating. The higher the self-relatedness rating, the
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greater the activation in the dmPFC, nucleus accumbens, right amygdala, tectum, thalamus,
and hypothalamus and PCC was. Next, the researchers examined the association between
activation and emotional valence, as well as between activation and intensity ratings, in regions
where activation was correlated with self-relatedness. They found a negative association
between emotional valence and activation in the nucleus accumbens and dmPFC. They also
found a negative association between intensity ratings and activation in the nucleus accumbens
and dmPFC. Finally, they found a positive association between emotional valence and
activation in the amygdala and tectum, as well as between intensity ratings and activation in
these regions. These results, along those of Phan et al. (2004), indicate that self-relevance is
related to mPFC activation not only during self-related judgements of words but also when
evaluating picture stimuli. The results additionally indicate that this association persists

regardless of whether the stimuli are passively viewed or evaluatively judged.

Relatedly, the abovementioned study by Koski et al. (2020) (outlined in the “MVPA studies
comparing self and other” section) also conducted an analysis to examine mPFC activation and
self-relevance. When compared to irrelevant traits, they found that mPFC activation was greater
for traits that were relevant to the self and a minimally related other, but not to an unrelated

other.

Taken together, these six experiments (D’Argembeau et al., 2012; Koski et al., 2020; Moran
etal., 2006, 2009; Northoff et al., 2009; Phan et al., 2004) showed a positive relationship
between mPFC activation during self-related judgements and degree of self-relevance of the
stimuli. However, the experiments only compared self-relevance judgements to desirability or
emotional valence judgements or a minimally related other, but did not compare self-relevance
judgments to those of a close other. Although many experiments have examined the link
between the mPFC and the self-reference task (Wagner et al. 2012), and could easily have
conducted and reported parametric modulation analysis, only these six experiments mentioned
having conducted the analysis and found a linear relationship between mPFC activation and

self-relevance. Unreported null findings on the association between mPFC activation and self-
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relevance ratings are possible. So, due to the absence of experiments reporting similar findings,
along with the lack of a “close other” control condition, it is unclear whether the mPFC
specifically processes the self-relevance of stimuli. Another potential explanation for mPFC
activation during the self-reference task is that the mPFC is responding to the value of stimuli
rather than their self-relevance. In the following section, | review literature on the self in relation

to value.

1.6.2 The Value Hypothesis: Self-Reference versus Reward

Given that the vmPFC was found to be active during the self-reference task and while
processing value (Delgado et al., 2016), it was suggested that its activation in the self-reference
task reflects the tracking of stimulus value (D’Argembeau, 2013). This idea aligns with Krienen et
al.’s (2010) conclusion that vmPFC activation is greater for close others than strangers, because
the vmPFC tracks the social value of others. D’Argembeau (2013) proposed that mPFC
activation during the self-reference task reflects the process of assigning value or significance
of self-related stimuli. This, so called “value hypothesis” received preliminary supportin
experiments showing that mPFC is active during the processing of self-related information such
as traits, attitudes, values, physical attributes, goals, memories, future thoughts, close others,
social groups, and possessions (Denny et al., 2012; Martinelli et al., 2013; Murray et al., 2012;

van der Meer et al., 2010).

D’Argembeau et al. (2012) tested the value hypothesis. While in a scanner, participants (N
= 23) performed the self-reference task. After the scan, they rated the self-descriptiveness (i.e.,
“to what extent does the trait describe you?”), certainty (i.e., “how certain are you that you
possess or do not possess this trait?”), and self-importance of each trait (i.e., “how important is
it for you to possess or not possess this trait?”). The researchers found a positive correlation
between activation in the vmPFC, dmPFC, and PCC during the self-reference task and the self-
descriptiveness rating. They also observed a positive correlation between dmPFC activation

during the self-reference task and the certainty rating. Furthermore, they reported a positive
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correlation between activation in the vmPFC and self-importance ratings. Because participants
made no explicit value judgement during the scan, the researchers speculated that the mPFC
automatically assigns value to a trait. These results are consistent with those of other
neuroimaging experiments, suggesting that the mPFC is involved in processing the self-

importance of stimuli (D’Argembeau et al., 2010; Schmitz & Johnson, 2007).

Researchers have also found an overlap in mPFC activation for self-reference and reward
processing of emotional stimuli. Enzi et al. (2009) compared neural activation during
judgements of personal relevance and reward processing. Participants (N = 19) performed three
tasks. In the reward task, they pressed one of two buttons to decide on a gambling choice.
Subsequently, they were presented with the outcome, either a win or a loss of money. The total
sum across trials would determine their reimbursement. In the self-relevance task, participants
viewed pictures and judged if these were high or low on self-relevance. In the control task, they
judged if pictures were vertically or horizontally aligned. When Enzi et al. compared win trials to
lose trials and high relevance to low relevance, they found an overlap in activation in the
pregenual cingulate cortex, caudate nucleus, ventrolateral prefrontal cortex, putamen, insula,
and dmPFC, indicating that these regions are active during both reward and personal relevance
processing. They also found activation in the anterior insula, supragenual ACC, and premotor
cortex when comparing high personal relevance to low personalrelevance. They concluded that
their findings are compatible with the value hypothesis, as the overlapping regions processed

both immediate rewards (i.e., money) and long-term rewards (i.e., self-relevant information).

De Greck et al. (2008) also compared activation during the processing of self and reward.
Participants (N = 15) engaged in three tasks: gambling, self-relatedness, control. In all tasks,
they viewed stimuli related to food, alcohol, and gambling. In the gambling task, participants
imagined that they were gambling about the picture presented. They had to make a gambling
decision, thatis, to bet on the right or left side. In the self-relatedness task, they judged if the
picture was self-related or not. In the control task, they judged if the stimuli were vertically or

horizontally aligned. Next, participants were presented with an outcome. In the gambling and
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control tasks, they viewed a “+” sign for win or correct trial and a “-” lose or incorrect trials. In
the self-relatedness task, they viewed an “=" sign regardless of their response. De Greck et al.
first compared activation during the win trials to the lose trials in the gambling task. They found
activation in the brain’s reward network including the nucleus accumbens, vmPFC, and ventral
tegmental area. Subsequently, they compared the signal change in these three regions during
win and lose trials as well as self-high and self-low trials. They found a higher signalin all three
regions when they compared win with lose and self-high with self-low. Similarly to Enzi et al.
(2009), they concluded that self-relatedness and reward are processed in these three regions, in

support of the value hypothesis.

The findings by Enzi et al. (2009) and De Greck et al. (2008) are also in line with previous
research such as those of Phan et al. (2004) (outlined above), who reported that vmPFC tracks
the self-relevance of emotional pictures. Based on the activation overlap for self and reward in
the vmPFC, Northoff and Hayes (2011) questioned whether self-reference processing is just a
type of reward processing. However, univariate analyses, which these abovementioned
experiments used, cannot offer conclusive evidence on whether reward and self-reference

share a common neural mechanism.

Chavez et al. (2017) employed Multivariate cross-classification (MVCC; Kaplan, 2015) to
investigate the neural basis of positive affect and self-reference. MVCC is an alternative way of
using MVPA with a classifier, just that here the test-data are from two conditions and the
training-data are from two separate conditions. MVCC can clarify whether a classifier can
generalise from one cognitive context to another. For example, researchers could employ this
approach to examine if viewing positive valence photographs and the self-reference task are
based on common neural patterns of activation. Here, researchers would first train the
classifier to distinguish between the self-reference task and a control task, such as the other-
reference task. They would train the classifier on all data (runs) for these two tasks. They would
next apply the classifier to test if it can distinguish between the positive valence task and the

negative valence task (control condition), using the ensuing data as test data (Figure 1.6b). If the
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classifier can generalise, then there is learning transfer from training to testing, and the

researcher can infer that the two tasks are based on a common neural mechanism.

Chavezetal. (2017; N =14) used MVCC with a searchlight approach. First, they trained a
classifier to distinguish between participants’ patterns of activations while rating the valence of
positive and negative images. When the researchers applied the classifier to patterns of
activation during the self-reference versus other reference task, they found that the classifier
could successfully distinguish the patterns of activation in the vmPFC. To examine if
classification accuracy was due to similarity between self and positive affect or between other
and negative affect, they also conducted RSA. When comparing the conditions, they found the
highest similarity for the neural patterns of activation for self-reference and positive affect in the
vmPFC. Thus, their results suggest that self-reference and positive affect are based on a similar
neural mechanism. These results are consistent with the reward experiments (De Greck et al.,

2008; Enzi et al., 2009; Phan et al., 2004) and the value hypothesis (D’Argembeau et al., 2013).

An experiment by Yankouskaya et al. (2017) yielded similar findings. In a shape-label
matching task, participants (N = 16) completed two tasks, a self-task and a reward task. In both
tasks, they imagined pairing two geometric shapes with two tags: self and other tags in the self-
task (e.g., self-square, other-circle), low-reward and high-reward in terms of monetary amounts
in the reward task (e.g., £1-hexagon, £16-triangle). While in an fMRI scanner, participants were
presented with a different tag and shape on each trial. They judged if each combination was a
match or mismatch from the initial associations. Next, they applied a classifier trained on the
neural data for one task (e.g., self versus other) to the other task (e.g., high versus low reward).
The results indicated that a classifier could successfully generalise self to reward in the vimPFC.
The ROIs with above chance classification accuracy for the two experiments, overlapped in an

anterior part of the vmPFC (Broadmann area 10).

In summary, as the vmPFC is active during the processing of value and stimuli that would

be significant to oneself and also during the self-reference task, a key reason for vmPFC
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activation during the self-reference task may be to track the value of stimuli. Experiments that
compared the activation during self and reward processing found an activation overlap in the
vmPFC. However, due to limitations of univariate analyses, it was not until MVPA experiments
began to examine activation during the two tasks that research could identify a common neural
code for self-reference and positive affect/reward in the vmPFC. Autobiographical memory may

also explain mPFC activation during the self-reference task. Next, | address this topic.

1.6.3 Self-Reference versus Autobiographical Memory

Autobiographical memory tasks activate the mPFC (Summerfield et al., 2009). Itis
unclear, though, whether processing of autobiographical memories takes place during the self-
reference task. Some fMRI experiments suggest that autobiographical memory retrievalis
involved in self-reference processing (Araujo et al., 2014; Kelley et al., 2002). This suggestion,
though, runs contrary to relevant psychological models (Conway 2005; Haslam et al., 2010;

Klein, 2010) and neuropsychological findings (Klein & Lax, 2010; Tulving et al., 1993).

Case studies of patients with memory impairments as a result of neural damage point to
the resilience of self-trait knowledge in memory (Klein & Lax, 2010). Tulving (1993) examined
different types of self-related memory in patient K.C. who suffered from amnesia due to an
accident. K.C. was unable to recollect any episodic memory. However, when asked to rate the
self-descriptiveness of adjectives, his ratings were both reliable over time and consistent with
ratings of a close other. The patient, then, had intact knowledge of his own personality, although
he had no conscious access to episodes. Other studies with amnesic (Klein et al., 1996, 2002)
and Alzheimer’s (Klein et al., 2003) patients have reported similar findings. Patient D.B., who
suffered from amnesia, showed intact self-trait knowledge and was unable to retrieve episodic
memory (Klein et al., 2002). However, his trait knowledge of a close other was impaired.
Specifically, he rated his daughter’s personality on two occasions separated by a week. His
daughter rated herself on the same personality traits. D.B.’s rating of his daughter and her rating

of herself was uncorrelated (r=.23), and although D.B.’s ratings of his daughter were somewhat
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reliable across the two testing sessions (r = .58), they were lower in reliability than those of
control participants (r =.90). Taken together, whereas some memory systems are dysfunctional
(e.g., episodic memory, trait knowledge of others), self-trait knowledge is preserved and likely

stored separately from episodic memory.

Three meta-analyses of 38 experiments in total, reported by Martinelli et al. (2013),
converged to the conclusion that episodic memory and self-trait knowledge are stored
separately. In particular, the authors tested a model of autobiographical memory that divides
autobiographical memory into three related, but functionally independent, systems: (1)
episodic memory, thatis, memory of specific episodic events; (2) semantic memory, that s,
memory of general knowledge of personal facts; (3) self-knowledge of personality traits
(Conway 2005). Episodic memory mainly recruited posterior and limbic regions. Semantic
memory recruited anterior regions as well as posterior and limbic regions but to a less extent
than episodic memory. Finally, self-knowledge of personality mainly recruited the mPFC. These
results resonate with the idea that, during self-reference judgements of traits, the mPFC
accesses pre-computed summaries of traits rather than semantic or episodic memories. The
results bolster the findings of previous case studies showing that self-trait knowledge is stored
separately from episodic memory (Klein & Lax, 2010; Klein et al., 1996, 2002, 2003; Tulving,

1993).

A recent ECoG experiment tested whether neural responses during self-reference and
autobiographical memory processing overlapped (Iravani et al., 2024). Participants (N = 22)
were epilepsy patients with implanted ECoG recording sites, waiting to undergo surgery. They
completed three tasks: (1) a self-reference task where they judged if a trait describes them; (2)
an episodic memory task where they judged if a statement was true (e.g., “l went on a walk
today”); (3) an arithmetic task where they judged if calculations were correct (e.g., 47 + 8 = 55).
Neural recordings were implanted in the orbitofrontal cortex (0PFC) and vmPFC. The results
indicated that neural responses were overall sparse for both the self-reference and

autobiographical memory tasks, where only 33 of 253 recording sites showed greater activation
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during the two tasks compared to the arithmetic task. Also, the majority of the neural responses
for the self-reference and autobiographical memory tasks occurred in the oPFC and,
importantly, did not overlap. These findings are consistent with the abovementioned meta-
analyses and case studies, pointing to separate processing of self-reference and
autobiographical memory. Furthermore, for both the self-reference and autobiographical
memory task the recording occurred earlier in the vmPFC than in the oPFC, suggesting that
processing of the stimuli happens in the vmPFC first. Although ECoG offers exceptional spatial
and temporal precision, and the opportunity to directly record from neural populations in
humans remains rare, this experiment has limitations. The measures were restricted to the
implanted sites and therefore included the oPFC and vmPFC, but not dorsal, parts of the mPFC.
Moreover, the autobiographical memory task only incorporated the retrieval of very recent, as

opposed to long-term, episodes.

In summary, although some early fMRI experiments considered autobiographical memory
as a part of self-reference (Araujo et al., 2014; Kelley et al., 2002), case studies, meta-analytic
evidence, and an ECoG experiment indicate that autobiographical memory and self-reference
trait processing are functionally and anatomically separate in the brain (Iravani et al., 2024;
Klein & Lax, 2010; Martinelli et al., 2013). | consider next literature on self-reference in relation

to introspection.

1.6.4 Self-Reference versus Introspection

Another process which activates the mPFC and that might be related to thinking about the
self is introspection. Introspection refers to thinking about one’s own mental states (Seitz et al.,
2009). Goldberg et al. (2006) asked participants (N = 9) to complete five tasks while in an fMRI
scanner. In the introspection task, participants thought about how they felt while viewing both
visual and auditory stimuli. The visual stimuli consisted of positive and negative images,
whereas the auditory stimuli consisted of musical clips. Participants judged whether the stimuli

made them feel emotionally aroused (positively or negatively) or neutral. In the categorisation
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task, participants viewed the same stimuli but judged if there were animals or no animals in the
visual task and whether there were trumpets or no trumpets in the auditory clip. They also
complete a semantic judgement task, judging if a word was a verb or a noun, as well as a picture
judgement task, judging if a word was positive or negative, and the self-reference task. Goldberg
et al. reported activation in the mPFC, when comparing the self-reference task to the semantic
condition. They also reported activation in the mPFC, when comparing the introspection task to
the categorisation task. Furthermore, activation in the mPFC from these two contrasts (self-
reference versus semantic and introspection versus categorisation) overlapped. Finally, the

auditory task activated the mPFC (i.e., ACC and superior frontal gyrus).

Relatedly, in an fMRI experiment, Araujo et al. (2015; N = 19) examined interoception in
relation to self-reference. Interoception refers to perceiving one’s own internal bodily states
(Schulz et al., 2016). In the study, Araujo et al. compared interoception (e.g., “Do you feel
hungry?”) to exteroception (e.g., “Do your legs feel wet?”), and self-reference judgements of
biographic facts (e.g., “are you a student?”) to traits (“e.g., “Does the word “honest describe
you?”). They found greater mPFC activation in a ventral part of the mPFC, when comparing the
self-reference task of traits to that of biographical facts. They also found greater mPFC
activation in a ventral part of the mPFC, when comparing biographical facts to traits. Likewise,
Araujo et al. found greater activation in the mPFC, when comparing both self-reference
conditions (facts and traits) to baseline. This was also the case when comparing the two self-
reference tasks to both the interoception and exteroception tasks. Lastly, the researchers found
greater activation in the mPFC during the interoception task, when comparing this task to the

exteroception task.

In summary, the results of these experiments suggest that introspection and self-
reference both activate the mPFC. However, the relevant sample sizes were small. Additionally,
as mentioned above, activation overlap in univariate experiments does not indicate a common
neural mechanism. Therefore, it continued to be unclear whether common mPFC activation

during self-reference and introspection tasks reflects common cognitive processes. Further,
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other internal mentation processes can activate the mPFC along with a network of other

regions, the default mode network (DMN). | review next literature on the self and the DMN.

1.7 The Self and the Default Mode Network

In the late 90s, researchers discovered a network of brain regions that showed greater
activation during passive viewing than during memory and goal-directed attention tasks
(Shulman et al., 1997). They labelled this network the DMN (Raichle et al., 2001). It consists of
the PCC, mPFC, retrosplenial cortex, anterior temporal cortex, middle temporal gyrus, medial
temporal lobe and angular gyrus, anterior and mediodorsal thalamic nuclei, as well as septal

nuclei and nucleus accumbens (Alves et al., 2019) (Figure 1.7).

Initial findings sparked numerous research questions, including whether the DMN was a
coherent network. Greicius et al. (2003) examined the functional connectivity between regions
that showed suppressed activation during memory tasks. Participants (N = 14) performed three
tasks: (1) a working memory task where they were asked to remember the spatial location of a
circle; (2) a passive visual task where they viewed images of checkerboards; (3) a resting state
task where they closed their eyes and did not think of anything specific. Greicius et al. used the
working memory task to identify regions that showed a decrease in activation during an active
task. The researchers compared activation during the working memory task to a baseline
control task that involved pressing a button if a circle on the screen was in a central location.
They found a decrease in activation in the PCC and vACC. Next, they examined the functional
connectivity between these two regions and other regions that were active during the resting
state task and the passive visual task. Functional connectivity measures the correlation of
fluctuations in activation across different regions over time. Here, a high correlation between
regions is assumed to reflect a tightly connected network. Greicius et al. reported that, during
both the resting state task and the passive visual task, the ventral ACC was functionally
connected to the mPFC, midbrain, nucleus accumbens, and PCC. Furthermore, PCC was

functionally connected to the mPFC, dorsolateral prefrontal cortex, inferolateral temporal
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cortex, and parahippomcampal gyrus, during both tasks. These findings were the first to show

that the DMN was indeed an interconnected network during resting state.

Early research linked the DMN to thinking about the self (Wicker et al., 2003). Resting state was
often associated with mental processes related to a relaxed state such as mind wandering, day
dreaming, and stimulus-independent thoughts (Raichle, 2015). These spontaneous thoughts
were often focused on information related to the self. For example, Andrews-Hanna et al. (2010)
found that spontaneous thoughts usually referred to self-relevant issues. Baird et al. (2011)
found that during a reaction time task, task unrelated thoughts consisted of thoughts regarding
the self 66% of the time. Stawarczyk et al. (2011) examined the subjective reports of thought
content during an attention task. They observed that participants were frequently focused on
their personal goals. Although early research on the DMN was primarily concerned with resting
state and spontaneous thoughts, later research discovered that the DMN is also active during
some tasks that require internal mentation. In particular, the DMN is involved in directed self-
related processes such as self-reference (Davey et al., 2016). Further, the DMN is involved in
processing social cognition (Molenberghs et al., 2016), episodic memory (Spreng et al., 2009),

semantic memory, and language (Binder et al., 2009; Humphreys et al., 2021).

Figure 1.7 Cortical Regions Included in the Default Mode Network (Menon et al., 2023)
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Prompted by findings that resting state includes thinking about the self and activates
similar regions to self-reference (Kelley et al., 2002), researchers began to compare the two
processes (D’Argembeau et al., 2005; Qin & Northoff, 2011). In a PET experiment, D’Argembeau
et al. (2005) asked participants (N = 12) to reflect on their own personality, a friend’s personality,
a socialissue, and to not think in a systematic way (resting state). After the scan, participants
described and rated what they had thought of during each condition in the scan. The vmPFC
showed greater activation during the self-reflection task compared to reflecting on the friend or
a socialissue. Conjunction analysis indicated an activation overlap in the vmPFC for the self-
reflection task and resting state condition. D’Argembeau et al. also found a positive within-
subjects correlation between vmPFC activation and the amount of time spent thinking of the
self across all conditions. Moreover, participants reported to have spent more time thinking
about the self in the self-reflection condition compared to rest, but to have spent more time
thinking about the self in the rest condition compared to the other-reflection condition.
D’Argembeau et al. concluded that, during resting state, people likely have a variety of thoughts
including self-related ones. Based on the activation overlap, they further concluded that, during
resting state, people think about information related to themselves, facilitating a stable and

coherent self-concept.

Building on findings that mPFC is active during self-reference processing and is also a key

part of the DMN, which remains relatively active at rest, Meyer and Lieberman (2018) conducted
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an experiment to examine default self-thinking. Previous experiments on self-processing and
the DMN had suggested that, during rest, people think about themselves, which in turn activates
the mPFC. However, Meyer and Lieberman proposed the reverse: mPFC becomes by default
active at rest, triggering self-focused thinking. These researchers wondered whether mPFC
activation at rest primes self-reference thinking. Participants (N = 19) completed three tasks,
while in an fMRI scanner: (1) self-reference task; (2) other-reference task, judging if traits
described Obama (the U.S. President at the time); (3) location judgement task, judging if a trait
described the Grand Canyon. Prior to each trial, participants went through a resting phase (a
cross on the screen for 6-9 seconds). After each task trial, they completed an attention orienting
trial, intended to reset their thinking. Meyer and Lieberman reasoned that, if mPFC activation at
rest primes people to think about themselves, then greater magnitude of mPFC activation in the
rest phase will facilitate reaction times in the following trial, provided that the following trial
involves self-reference, but not in the other two tasks. They focused on three mPFC ROls
(reverse inference maps derived from Neurosynth by searching for “self”, “social cognition”,
and “semantic”). As hypothesised, mPFC activation during rest primed subsequent self-
reference. Specifically, activation in the anterior mPFC (Broadmann’s area 10) primed self-
reference, whereas activation in the dmPFC (Broadmann’s area 9) primed both self-reference
and other-reference. They concluded that, at rest, the mPFC activates by default, triggering self-

thinking, which explains why people often revert to thinking about themselves.

A range of explanations have been put forward to explain the overall function of the DMN.
D’Argembeau et al. (2010, 2018) proposed that the DMN processes self-relevance. Specifically,
the DMN integrates various representations to form self-referential thoughts, thus creating a
sense of identity and facilitating planning or goal pursuit. Given that the DMN is recruited for
tasks including envisioning the future, remembering the past, navigation, and taking others’
perspective, Buckner and Carroll (2007) posited that the DMN’s function is to use past
experiences for imagining perspectives and events independently of the immediate

environment. Menon (2023) argued that the DMN integrates various cognitive processes to
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construct an internal narrative, which is important for one’s sense of self and shapes
understanding of personal experiences. Other researchers, however, maintained that the
DMN’s function is not directly related to processing information about the self. For example,
according to Hassabis and Maguire (2007), the purpose of the DMN is scene construction.
According to Konishi et al. (2015), the DMN’s role is to shape cognition by internal
representations that are independent of immediate perceptualinput. And according to
Yeshurun et al. (2021), the DMN is a sense-making network that is active and dynamic: it
integrates extrinsic and intrinsic information to make context-dependent models as they unfold

over time.

The DMN literature has had its challenges. First, itis difficult to investigate some aspects
of the human DMN by using animal models. In neuroscience, understanding the roles of brain
networks in human cognition often involves comparing them to animals. Although, some
experiments have identified an equivalent version of the DMN in monkeys and rats during resting
state (Lu et al., 2012; Stafford et al., 2014; Vincent et al., 2007), autobiographical memory, self-
reference, and mind-wandering are processes that cannot be measured in animals (Menon,
2023), making it very challenging to investigate the roles of the DMN with animals. Secondly,
whereas some research has attempted to understand how subnetworks of the DMN are
interconnected (Andrews-Hanna et al., 2010), the DMN is involved in processes that have been
studied inisolation. For example, the literatures on the DMN’s role in language processing, self-
reference, and autobiographical memory have progressed separately for the most part. Thus,

the integration of these cognitive processes and the DMN’s overall function remains unclear.

Taken together, the DMN is a network of brain regions involved in both spontaneous self-
related thoughts that occur independently of external demands and tasks that requires internal
mentation, including the self-reference task (D’Argembeau et al., 2005, 2018). Relevant findings
indicate that people may be prone to routinely think about themselves when their minds are free

of external demands by default, as a result of mPFC activation (Meyer & Lieberman, 2018).
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Furthermore, the overall function of the DMN could be to create an internal narrative that

facilitates one’s sense of self (Menon, 2023).

1.8 Summary

The neural representation of the self has been studied in regard to other-reference,
autobiographical memory, and introspection as well as social-relevance, value, and the DMN.
Various methods such as fMRI, neuropsychology, ECoG, and analytic approaches like
univariate analysis, MVPA, and functional connectivity have been used (Andrews-Hanna et al.,
2010; D’Argembeau et al., 2013; Jenkins et al., 2008; Marquine et al., 2016, 2013; Phan et al.,

2004; Tan et al., 2022; Wagner et al., 2012, 2019).

Research on the self in the brain has taken several stands. First, psychologist have
proposed an associative network model of how self-knowledge is represented in memory
(Anderson et al., 1976; Greenwald et al., 2002; Klein et al., 1989). Second, behavioural
experiments have identified enhanced recall of stimuli judged in relation to the self—a self-
reference effect (Rogers et al., 1977; Symons & Johnson, 1997). Third, a link has been
discovered between the mPFC and the self-reference task (Murray et al, 2012). Fourth,
multivariate experiments have indicated that the self and other are processed by different
patterns of activation in the mPFC (Courtney & Meyer, 2020; Feng et al., 2018; Koski et al., 2020;
Parelman et al., 2022), but also seemingly at identical locations in the mPFC (Tan et al., 2022).
Fifth, explanations proposed to account for mPFC activation during the self-reference task
include self-relevance (Phan et al., 2004), reward (De Greck et al., 2008), autobiographical
memory (Martinelli et al., 2013), and introspection (Goldberg et al., 2006). Findings pointto a
common neural code for self-reference and positive affect/reward in the vmPFC (Chavez et al.,
2017; Yankouskaya et al., 2017). Sixth, both spontaneous and directed self-related thought is
processed by the DMN (Andrews-Hanna et al., 2010; D’Argembeau et al., 2005), a network of
brain regions that shows greater activation during rest and internal mentation compared to

externally demanding tasks (Menon et al, 2023).
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This literature has limitations. To begin, research comparing self and close other is likely
confounded by personal familiarity and previous knowledge (Gillian & Farah, 2005; Koski et al.,
2020). Also, mPFC activation during the self-reference task could be a result of general cognitive
processing taking place during the task rather than any self-specific process (Legrand & Ruby,
2009). Although, in recent years, MVPA experiments (Courtney & Meyer, 2020; Feng et al., 2018;
Koski et al., 2020; Parelman et al., 2022) have overcome some of these limitations, there are still

lingering questions about the representation of the self in the brain.

1.9 Thesis Outline and Aim

| aim to further knowledge about the self’s representation in the brain. | controlin the
reported experiments for potential confound, investigating the multidimensional self-concept
and using sensitive methods of analyses that address specific questions. | present three

empirical chapters.

The first one (Chapter 2) consists of two fMRI experiments with a searchlight RSA
approach to test where and how the self-conceptis represented in the brain. | asked
participants to provide items related to themselves. To measure the multidimensional self-

«Iu

concept, the items they provided could be anything responding to the prompt “I”, which
included social roles, likes, dislikes, and physical characteristics. Participants rated the items
provided, in addition to some items provided by the experimenter, on self-descriptiveness and
self-importance. While in the scanner, they performed the self-reference task and a control task
(i.e., word-class judgement task in Experiment 1, other-reference task in Experiment 2) in which
they were presented with stimuli they had previously rated. | tested the effect of self-importance

and self-descriptiveness on neural patterns of activation, controlling for potential confounds

such as valence, familiarity, and autobiographical memory.

The second empirical chapter (Chapter 3) consists of a behavioural experiment with a
mixed-effect model analysis approach. Based on psychological theories of the structure of the

self-concept reviewed above (Cantor & Kihlstrom, 1984; Greenwald et al., 2002), | tested the
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psychological meaning of the associative links that connect self-related concepts to the self
and to each other in an associate network model of the self. As the literature suggests that
associative links can be measured in terms of reaction time facilitation, | used an evaluative
priming task (EPT). Participants listed items that comprised their self-concept, and rated these
items on self-importance, self-descriptiveness, and valence. | examine the influence of these
three variables on reaction time. | hypothesised that the links in an associative memory model

of the self represent self-importance.

The third empirical chapter (Chapter 4) consists of an fMRI experiment, featuring an MVPA
and RSA searchlight approach. As mentioned above, various tasks have previously activated the
mPFC, the hub of the DMN. Some authors have assumed that the mPFC is self-specific,
although mPFC activation during the self-reference task could be due to general cognitive
processes rather than anything related to the self per se. | tested similarities and differences in
neural patterns of activation for the self-reference task and three other tasks, namely, other-
reference, autobiographical memory, and introspection. Furthermore, by using variance
portioning analysis, | investigated the extent to which mPFC activation patterns could be
explained by those during the other three tasks. The final chapter (Chapter 5) contains a General

Discussion.
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Chapter2 The Self-Conceptis Represented in the
Medial Prefrontal Cortex in Terms of Self-

Importance’

2.1 Abstract

Knowledge about one's personality, the self-concept, shapes human experience. Social
cognitive neuroscience has made strides addressing the question of where and how the self is
represented in the brain. The answer, however, remains elusive. | conducted two functional
magnetic resonance imaging experiments (the second preregistered) with human male and
female participants employing a self-reference task with a broad range of attributes and
carrying out a searchlight representational similarity analysis (RSA). The importance of
attributes to self-identity was represented in the medial prefrontal cortex (mPFC), whereas
mPFC activation was unrelated both to self-descriptiveness of attributes (Experiments 1 and 2)
and importance of attributes to a friend's self-identity (Experiment 2). Our research provides a
comprehensive answer to the abovementioned question: The self-concept is conceptualized in

terms of self-importance and represented in the mPFC.

2.2 Introduction

The sense of self shapes human experience (Sedikides et al., 2021). The self (or self-
concept) consists of knowledge that people possess about the kind of person they are, such as
traits, physical attributes, preferences, beliefs, values, or ingroup (Sedikides & Gregg, 2003). The

self has been of keen interest to psychologists since the birth of the discipline (James, 1890).

" This Chapter is based on the following published article: Levorsen, M., Aoki, R., Matsumoto, K., Sedikides, C., &
Izuma, K. (2023). The self-concept is represented in the medial prefrontal cortex in terms of self-importance. Journal
of Neuroscience, 43(20), 3675-3686. https://doi.org/10.1523/JNEUROSCI.2178-22.2023
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From the late 90s (Craik et al., 1999) onward, cognitive neuroscientists have been investigating
the neural basis of the self (Wagner et al., 2019). However, where and how the selfis

represented in the brain remains elusive.

Past neuroimaging experiments on the self have identified a network of brain regions,
including medial prefrontal cortex (mPFC) and posterior cingulate cortex (PCC), that are
consistently active during self-reference judgment compared with other semantic judgements
(Denny et al., 2012; Murray et al., 2012). However, the approach of contrasting neural responses
during the self-reference versus control tasks to unveil the neural basis of the self has several

limitations.

First, activation observed by simply comparing the strength of neural responses between
the self-reference and control tasks may be because of cognitive processes unrelated to the
self (Gillihan & Farah, 2005; Legrand & Ruby, 2009) such as autobiographical memory (Martinelli
et al., 2013) and positive affect (Bartra et al., 2013). This limitation is at least partially addressed
by recent functional magnetic resonance imaging (fMRI) experiments that used a multivariate
pattern analysis (MVPA; Chavez et al., 2017; Courtney and Meyer, 2020; Feng et al., 2018; Koski
etal., 2020; Parelman et al., 2022; Yankouskaya et al., 2017). Yet, these experiments have come

short of documenting what information about the self is specifically being processed.

Second, exceptions notwithstanding (Rameson et al., 2010; Jenkins & Mitchell, 2011), the
bulk of the literature has used only trait adjectives as experimental stimuli. However, this
practice likely limits researchers' ability to identify the neural representations of the self. As
stated above, the self includes not only personality traits, but also physical characteristics,
preferences, aspirations, abilities, and social groups (Linville, 1985); thus, personality traits

comprise a narrow subset of the self (see del Prado et al., 2007).

Third, most neuroimaging research has operationalized the self-concept in terms of trait
self-descriptiveness. There is an infinite number of characteristics that can describe an

individual (e.g., “l sleep everyday”), but just because an item is self-descriptive does not
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necessarily mean itis a part of the self-concept. Instead, the self might be represented in the
brain in terms of personalimportance of each characteristic (hereafter, self-importance or
centrality). The relevance of taking into account self-importance when assessing the self has
also been recognised by psychologists (Markus, 1977). That is, whether information will
influence one's behaviour depends on its personalimportance (Markus, 1983). For example, if
being a mother is important to an individual, her behaviours as a mother are likely to be different
(e.g., more attentive, responsible, or consistent) from her behaviours in other, less self-defining
roles (Deutsch et al., 1988). How self-important (central) a personality trait is affects how a
person seeks (Sedikides, 1993) and remembers (Sedikides et al., 2016) information about
themselves. Thus, itis likely that there is a dedicated neural system in the brain, which encodes
the self-importance of incoming information (Markus & Wurf, 1987; Sedikides, 1995). Indeed, a
few experiments have forayed into self-importance in the brain, suggesting that mPFC activation
is correlated with the importance of possessing a personality trait (D'Argembeau et al., 2012)

and with the personal significance of autobiographical memories (Lin et al., 2016).

| addressed the question of where and how the self-conceptis represented in the brainin
two fMRI experiments. | used the self-reference task with a broad range of stimuli combined
with a representational similarity analysis (RSA; Kriegeskorte et al., 2008) of fMRI data to test
how mPFC activation patterns are related to self-importance as well as self-descriptiveness,

controlling for other factors (Materials and Methods).

2.3 Materials and Methods - Experiment 1

2.31 Participants

| recruited 32 right-handed undergraduate students from Tamagawa University, Japan.
The students had no history of psychiatric disorders. | excluded data from four participants
because of excessive head movement (> 3 mm; one participant), because their response
consistency in the fMRI tasks was close to chance (one participant), because of no variance in

the postscan memory rating (one participant), and because their self-reference rating reliability
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was low (one participant). In regard to the last case, each participant completed the self-
reference task three times, and | computed correlation coefficient across the three ratings. The
average correlation of this fourth participant was 0.21, which was >3 SDs below the group
average of r=0.72 (SD = 0.14), suggesting very poor compliance with the task instructions
and/or having a highly unstable self-concept. The final sample consisted of 28 participants (16
women, 12 men) aged 19-22 years (M =19.84, SD = 0.86). Participants clicked a box to indicate
their consent before the online questionnaires. The experiment was approved by both the
University of Southampton and Tamagawa University ethics committees. | remunerated each

participant with 5000 Japanese yen.

2.3.2 Experimental Procedure

The experiment comprised the three following parts, which took place on three separate
days: (1) first online questionnaire; (2) second online questionnaire; (3) fMRI experiment. |
administered the two online questionnaires in an effort to create the stimulus set for the fMRI
experiment, a stimulus set that covers as widely as possible the content of each participant's
self-concept (see below). The first and second online questionnaires were separated by an
average of 6.25 days (SD = 3.26). The second online questionnaire and fMRI experiment were

separated by an average of 8.29 days (SD = 2.19).

2.3.21 First Online Questionnaire

The first online questionnaire is similar to the Twenty Statement Test (TST; Kuhn &
McPartland, 1954). During the online questionnaire, | instructed participants to provide at least
30 characteristics by responding to the prompt “I_____.” To facilitate this task, | gave
participants examples such as physical characteristics (e.g., | am tall), personality (e.g., | am
social), likes or dislikes (e.g., food, music, artists), and groups to which they belonged

(university, department, clubs).
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2.3.2.2 Second Online Questionnaire

The second online questionnaire included a total of 80 items some of which were
provided by participants during the first online questionnaire, and others were added by an
experimenter. ltems prepared by the experimenter were intended to dissociate self-
descriptiveness, self-importance, and other factors described below. For example, “right-
handed” was added with an aim to dissociate self-descriptiveness and self-importance.
“School trip” was added with an aim to dissociate self-descriptiveness/self-importance and
autobiographical memory. “Convenience store” was added with an aim to dissociate self-
descriptiveness/importance and familiarity. | instructed participants to rate each item in terms
of: (1) self-descriptiveness (1 = not descriptive at all, 7 = very descriptive); (2) self-importance (1
= notimportant at all, 7 = very important); (3) valence (1 = very negative, 7 = very positive); (4)
familiarity (1 = not familiar at all, 7 = very familiar); and (5) autobiographical memory or the
extent to which “each word/phrase brought back memories of your past when you saw it” (1 = it

did not evoke any memory at all, 7 = it evoked very vivid memory).

2.3.2.3 Stimulus Set Preparation

Based on the ratings, | selected a final stimulus set of 40 items under the stipulation that
the ratings not be highly intercorrelated (i.e., effects on neural activities be dissociable).
Specifically, | randomly picked 40 out of the 80 items used in the second questionnaire and
computed correlations across the following six ratings/characteristics of the randomly selected
40 items: (1) self-descriptiveness; (2) valence; (3) familiarity; (4) autobiographical memory; (5)
number of characters; (6) whether the item was provided by a participant during the first
questionnaire (1) or not (0). | then recorded the highest correlation coefficient (rngnest)- | repeated
this process a large number of times (e.g., 1,000,000,000) and selected the final set of 40 items
that had the lowest rygnest. FOr some participants, the self-descriptiveness and self-importance
ratings were highly positively correlated. In such a case, | set a different criterion for that

correlation. For instance, | computed rijghes: Without considering rseir-gescriptivensss/seir-importances @nd
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selected a set of 40 items wWhose riighest Was the lowest given that rseir.gescriptiveness/seif-importance Was

<0.6. For examples of items, see Table 2.1.

Table 2.1 Examples of Items Used in the Experiments

Physical Social Attributes Other
Female Artclub Talkative Film

Bad eyesight Flower arrangement club Smart Twitter
Tall Department of Engineering Hate prawns Christmas
Hay fever High School graduate Open-minded Schooltrip
Born in Tokyo Female Compassionate Rain
Sweaty Softball team Good singer Piano
Brown hair Japanese Dog person Earthquake
Sensitive skin Basketball club Play guitar

Right-handed Buddhist Family-oriented

20 years old E&chh;r:iniversity of Technology :_(;Iézlo discuss

Note. | used 959 unique items across the two experiments. Items in the “Other” category were mainly

prepared by an experimenter. The coding scheme is based on Cousins (1989).

2.3.24 fMRI Experiment

Before the fMRI scan, participants received instructions regarding MRI safety and tasks
they would perform inside the fMRI scanner. During the fMRI session, participants performed
two tasks: self-reference and word-class judgment (Figure 2.1a,b). | programmed both of them
using Psychtoolbox (http://psychtoolbox.org/) with MATLAB software (version

2018a; http://www.mathworks.co.uk). Participants completed six runs of each task. Each run

consisted of 40 trials, one item per trial. | presented the same set of 40 items in both tasks and
in each run. | counterbalanced task (ABBAABBAABBA or BAABBAABBAAB), and randomized trial

order within each run.

Figure 2.1 Experimental Tasks
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C

Describe you?

Tall

Describe you?
Play guitar
Yes No
Describe you?
Basketball club

Describe you?

20 years old

Yes No Yes No

Describe your
friend?
Play guitar

Yes No

Describe your
friend?
20 years old

Noun?
Basketball club

Yes No Yes No

Word-class judgement task

Other-reference task

Experiment 1 Experiment 2

Note. The self-reference task (a) and the word-class judgement task (b) in Experiment 1. The self-

reference task (c) and other-reference task (d) in Experiment 2.

In the self-reference task, for each trial, participants viewed an item. On the screen, above
the characteristic, they encountered the question “Describes you?”. For each trial, they could
answer “yes” or “no” to indicate whether the characteristic described them or not (Figure 2.1a).
For each trial in the word-class judgment task, participants viewed an item. On the screen,
above the characteristic, they encountered the question “Noun?”. They could answer “yes” or
“no” to indicate whether the characteristic was a noun or not (Figure 2.1b). For both tasks, each
item was presented for 1.5 s, followed by intertrial interval (ITl; 3-7 s, mean =5 s). Participants

answered by pressing one of two buttons on a response box.

How vividly each item evoked a personal memory might differ between the second
questionnaire and the fMRI task. Consequently, after the fMRI scan, | instructed participants to
rate the same 40 items on autobiographical memory, namely, to what extent each item evoked
an autobiographical memory when seeing it inside the fMRI scanner (1 = it did not evoke any
memory at all, 7 = it evoked very vivid memory). Furthermore, to check for consistency of the

self-descriptiveness judgment, | instructed participants to rate the 40 items again on self-

72


https://www.jneurosci.org/content/43/20/3675.full#F1
https://www.jneurosci.org/content/43/20/3675.full#F1

Chapter 2
descriptiveness using the same response scale. Next, participants completed a demographic

questionnaire.

2.3.2.5 fMRI Data Acquisition

| acquired images using a 3-T Trio ATim MRI (Siemens) scanner with a 32-channel head
coil. For functionalimaging, | used T2*-weighted gradient-echo echo-planar imaging (EPI)
sequences with the following parameters: time repetition (TR) = 2500 ms, echo time (TE) = 25
ms, flip angle (FA) = 90°, field of view (FOV) = 192 mm?, matrix = 64 x 64. | acquired, in an
interleaved order, 42 contiguous slices with a thickness of 3 mm. In addition, | acquired a T1-

weighted structural image from each participant.

2.3.3 Statistical Analysis

2.3.3.1 Behavioural data analysis

Each participant rated each of the 40 items on self-descriptiveness, and they did so three
times: (1) during the second online questionnaire; (2) during the fMRI scan; (3) after the fMRI
scan. Although participants rated each item six times (across six fMRI runs) on a two-point scale
(yes or no) during the fMRI scan, they rated each item once on a seven-point scale during the
second questionnaire and post-fMRI rating task. Thus, for the self-descriptiveness rating data
obtained during the fMRI scan, | computed a self-descriptiveness score for each item as a
proportion of yes responses across six ratings of each item. | assumed that participants
maintained a stable self-concept across a few weeks, and | tested this assumption by checking
for consistency of their self-descriptiveness ratings obtained across the three times (or

sessions).

2.3.3.2 fMRI Data Preprocessing

| conducted preprocessing and statistical analysis of the fMRI data using SPM12
(Welcome Department of Imaging Neuroscience), implemented in MATLAB (MathWorks). |

discarded the first four volumes before preprocessing and data analyses to allow for T1
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equilibration. | conducted preprocessing of the fMRI data with SPM 12's preproc_fmri.m script
starting with realignment of all functional images to a common image. | spatially realigned all
images within each run to the first volume of the run using seventh-degree B-spline
interpolation, and | unwarped and corrected for motion artefacts. | segmented the T1-weighted
structural image and normalized it into a common stereotactic space (MNI atlas).
Subsequently, | applied the normalization parameters to the functionalimages and resampled
them to 3 x 3 x 3 mm?®isotropic voxels (i.e., original voxel size was retained) using seventh-
degree B-spline interpolation. Following the normalization, | spatially smoothed the data [with a
Gaussian kernel of 8-mm full-width at half-maximum (FWHM)] for the univariate analysis. To
maintain fine grained activation patterns, | did not apply smoothing before the first-level data
analysis for the RSA. | applied smoothing before the group analysis of the RSA outputs to

account for individual variability in brain structure (with a Gaussian kernel of 4-mm FWHM).

2.3.3.3 fMRI Data Analysis: Univariate Analysis

| used three general linear models (GLMs) to analyse the fMRI data. In the first GLM, |
compared the two conditions (self vs word), whereas | used the spmT images from the second
GLM for the RSA. In the first GLM, | separately modelled 40 self-reference judgment trials and 40
word-class judgment trials using a box-car function convolved with the canonical hemodynamic

response function.

Inthe second GLM, |l investigate whether mPFC activities parametrically increase as a
function of self-importance and/or self-descriptiveness ratings. As in the first GLM, | separately
modelled 40 self-reference trials and 40 word-class judgment trials. In addition, | added to each
of the self and word trial regressors the following seven parametric regressors: (1) self-
descriptiveness; (2) self-importance; (3) valence; (4) familiarity; (5) autobiographical memory;
(6) word-length; (7) whether each item was self-provided (1) or not (0). Given that SPM
automatically performs orthogonalization for parametric regressors (Mumford et al., 2015), |
also tried another GLM where the order of self-descriptiveness and self-importance parametric
regressors were switched (self-importance as the first parametric regressor, and self-
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descriptiveness as the second parametric regressor), but the results were virtually the same.
For the first two GLMs, | submitted the contrastimages to a second level analysis. | set
statistical threshold at p < 0.005 with cluster-p < 0.05 [familywise error (FEW) corrected] within
the mPFC mask. Outside of the mask, | set up the statistical threshold at p <0.001 (uncorrected

for multiple comparisons) with a cluster threshold of p < 0.05 (FWE corrected).

In the third GLM, | modelled separately each of the 40 items for each task. | used a total of
80 spmTimages from the third GLM in subsequent RSA. In all the GLMs, | included six head

motion parameters and session effects as nuisance regressors.

234 Representational Similarity Analysis (RSA): Model Representational Similarity
Analysis (RSM)

To test the effect of self-descriptiveness and self-importance on neural responses in the
mPFC, controlling for other factors (i.e., valence, familiarity, autobiographical memory, word-
length, whether items were self-provided or not), | used RSA with a searchlight approach. For
each participant, | calculated a model RSM separately for the following seven dimensions: (1)
self-descriptiveness; (2) self-importance; (3) valence; (4) familiarity; (5) autobiographical
memory; (6) word-length; (7) whether each item was self-provided (1) or not (0). For self-
descriptiveness, self-importance, valence, and familiarity, | used ratings from the second online
questionnaire. For autobiographical memory, | used ratings from the postscan behavioural
session. Each RSM was a 40 x 40 matrix (Figure 2.2), where each cell represented the similarity
of the ratings between two items. For ratings completed on a seven-point scale, | calculated
similarity as seven minus the absolute difference between two ratings. For the word length, |
calculated similarity as the maximum number of characters in the 40 items minus the absolute
difference in the number of characters between two items. Lastly, for whether items were self-
provided or not, | coded similarity as O if an item was provided by the participant but the other
item was not (or vice versa), whereas | coded similarity as 1 otherwise (i.e., both items were
provided by the participants or both items were provided by the experimenter). | standardised
the values with the respective mean and SD for each rating before regression analyses.
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Figure 2.2 Neural and Model RSMs in the Multiple Regression Analysis in Experiment 1

Self-descriptiveness RSM Valence RSM Memory RSM Self-provided-or-not RSM

L
8

Neural RSM

+8s
¥

= z—?!f:}— m

Similar Dissimilar

Note. For each participant, | made seven RSMs based on participant ratings and item characteristics. The
value in each cell indicates a similarity between a pair of items on a given dimension. | made neural a
neural RSM for each searchlight. | conducted a multiple regression analysis for each searchlight with the

seven model RSMs.

2.3.4.1 RSA: neural RSM

| extracted local patterns of neural activity from searchlights with a three-voxel radius, so
that each searchlight consisted of a maximum of 123 voxels (and less on the edges of the brain).
For each searchlight, | calculated voxel-by-voxel correlations between each pair of the 40 items,
which resulted in a 40 x 40 neural RSM (Figure 2.2). Consequently, the correlation in neural
activities between two items within a searchlight was represented by a cell in the respective

neural RSM. | Fisher-Z transformed the correlation values before further analyses.

2.3.4.2 RSA: multiple regression analysis

In each searchlight, | conducted a multiple regression analysis, where the seven model
RSMs were independent variables and the neural RSM was dependent variable (Figure 2.2). |
repeated this analysis for every searchlight across the mPFC region of interest (ROI; see below
for more information about the mPFC mask applied) and the whole brain, resulting in a B-map
for each of the seven independent variables for each of the two tasks (i.e., a total of 14 B-maps

for each participant).
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2.3.4.3 RSA: Group Analysis

| entered the B-maps into a group-level analysis that | computed with permutation testing
(i.e., one-sample t test with 5000 permutations) using the Statistical NonParametric Mapping
(SnPM) toolbox for SPM (Nichols & Holmes, 2002). Among several brain regions previously
implicated in self-processing (Denny et al., 2012; Murray et al., 2012; Qin and Northoff, 2011), |
focused especially on the mPFC, as a lesion study indicated that this region is necessary for a
stable and accurate self-concept (but is not critical for knowledge about another
person; Marquine et al., 2016). Accordingly, | applied an mPFC mask to the analysis to limit the
group-analysis to voxels within the a priori ROI. | created the mask with the WFU PickAtlas
toolbox for SPM (Maldjian et al., 2003). The mPFC ROl mask included Frontal_Sup_medial_L,
Frontal_Sup_medial_R, Frontal_Mid_Orb_L, Frontal_Mid_Orb_R, Rectus_L, Rectus_R,
Cingulum_Ant_L, and Cingulum_Ant_R (dilation factor = 2), which | took from the Anatomical
Automatic Labeling (AAL) masks implemented in the WFU pickatlas toolbox. | applied the same
statistical threshold as the univariate analyses above [within the mPFC mask, p <0.005 with
cluster-p < 0.05 (FWE corrected), and outside the mask, p <0.001 with cluster-p <0.05 (FWE

corrected)].

2.4 Materials and Methods - Experiment 2

241 Preregistration

| preregistered the hypotheses, sample size, data analytic plan, and exclusion criteria on
the Open Science Framework (https://osf.io/agq3b). | followed the preregistration in all

analyses reported below, unless otherwise noted.

2.4.2 Participants

As preregistered, final analyses included a sample of 35 undergraduate students (23 men,
12 women) at Kochi University of Technology, Japan, ranging from 18 to 23 years (M =19.66,

SD = 1.64). All of them were right-handed, and none had a history of psychiatric disorders. |
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scanned eight additional participants but excluded them from the final analyses, because they
did not meet the preregistered inclusion criteria. In particular, | excluded one participant
because of a brain anomaly, and seven participants because the reliability of either their self-
reference or other-reference rating was low. In regard to these seven participants, | calculated
correlations between their responses in the self-reference task during fMRI scanning and their
self-descriptiveness rating in the second questionnaire, as well as the correlation between their
other-reference task responses during fMRI scanning and their friend-descriptiveness rating in
the second questionnaire. | considered the correlation value low, if it was <0.5. All participants
ticked a box to indicate their consent before the online questionnaires, and they consented in
writing before the fMRI experiment. The experiment was approved by the Kochi University of

Technology ethics committee. They were remunerated with 2000 Japanese yen.

2.4.3 Power Analysis

| conducted a power analysis using the Bootstrap procedure. First, | randomly sampled 35
participants from the 28 participants of Experiment 1, with replacement. For each randomly-
selected sample, | conducted a group analysis (one-sample t test). Given that in Experiment 1 |
found significant activations within the mPFC, | applied the same mPFC mask created via the
WEFU PickAtlas toolbox for SPM (Maldjian et al., 2003). | applied a voxel-wise threshold of p <
0.005 (uncorrected) and cluster-p < 0.05 (FWE corrected) to assess significance. | repeated
these steps 2000 times, and counted the number of times | found significant activations within

the mPFC mask. The result indicated that N = 35 would achieve power of 91.85%.

24.4 Experimental Procedure

The procedure was similar to Experiment 1’s, consisting of three parts (two online
questionnaires, fMRI experiment) on three separate days. The only alteration involved the
control task. To examine whether the Experiment 1 results were specific to the self, or whether
the mPFC also encodes important information for a friend's identity, | used an other-reference

task as control (Figure 2.1¢,d). The first and second online questionnaires were separated by an
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average of 11.0d (SD = 6.68). The second online questionnaire and fMRI experiment were

separated by an average of 14.03 d (SD = 8.34).

2.4.41 Online Questionnaires

As in Experiment 1, in the first online questionnaire, participants provided at least 30

“I

characteristics by responding to the prompt .” Similarly, participants provided the name

of a close friend and at least 30 characteristics they believed to be descriptive of or important

»

for that friend. They did so by responding to the prompt “My friend .

In the second online questionnaire, participants rated 80 items, some of which were
made available by participants during the first online questionnaire. In particular, they rated
each item on the following seven dimensions: (1) self-descriptiveness (1 = not at all descriptive,
7 = very descriptive); (2) self-importance (1 = not at all important, 7 = very important); (3) friend
self-descriptiveness (1 = not at all descriptive, 7 = very descriptive); (4) importance to friend's
identity (1 = not at allimportant, 7 = very important); (5) valence (1 = very negative, 7 = very
positive), (6) familiarity (1 = not at all familiar, 7 = very familiar); (7) autobiographical memory (1 =
it did not evoke any memory at all, 7 = it evoked very vivid memory). | selected a stimulus set of

40 items as in Experiment 1 (for item examples, see Table 2.1).

2.4.4.2 fMRI Experiment

During the fMRI session, participants conducted the self-reference and other-reference

tasks (Figure 2.1c,d). | used the same set of 40 items for both tasks.

Just like in Experiment 1, during the self-reference task, for each trial, the participants
viewed one of the 40 items. On the screen, above the characteristic, they saw the question
“Describes you?” For each trial, they answered “yes” or “no” to indicate whether the
characteristic described them (Figure 2.1c). For each trialin the other-reference task,
participants similarly viewed an item on the screen. Above the item, they saw the question
“Describes your friend?” and answered “yes” or “no” to indicate whether the characteristic

described their friend, the same close friend they mentioned during the first online
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questionnaire (Figure 2.1d). For both tasks, each item was presented for 1.5 s, followed by
intertrial interval (ITl; 3-7 s, mean = 5 s). Participants indicated their answers by pressing one of

two buttons on a response box.

2.4.4.3 Postscan Behavioural Session

After the scan, participants rated the previously presented words on autobiographical
memory again (1 = it did not evoke any memory at all, 7 = it evoked very vivid memory). Next, they

completed a demographic questionnaire.

24.4.4 fMRI Data Acquisition

| acquired images using a Siemens 3.0 T Verio MRI scanner with a 64-channel phased
array head coil. For functional imaging, | used T2*-weighted gradient-echo echo-planar imaging
(EPI) sequences with the following parameters: time repetition (TR) = 2500 ms, echo time (TE) =
25 ms, flip angle (FA) = 90°, field of view (FOV) = 192 mm?, matrix = 64 x 64. | acquired 42
contiguous slices with a thickness of 3 mm, in an interleaved order. Moreover, | acquired from

each participant a high resolution anatomic T1-weighted image (1-mm isotropic resolution).

2.4.5 Statistical Analysis

2.4.5.1 fMRI Data Processing

| conducted preprocessing of fMRI data as in Experiment 1. The preprocessing described
in our preregistration stated that | would use an EPI-template when normalizing fMRI data to the
standard MNI space. Although, based on visual inspection of normalized images, there was no
issue with this method when analysing the fMRI data from Experiment 1, | noticed that fMRI
images normalized with this method were consistently smaller in the anterior-to-posterior and
left-to-right dimensions (possibly because of the difference in head-coil between the two
experiments; 32 channels in Experiment 1 vs 64 channels in Experiment 2 (for a similar case,
see Smith et al., 2018). Accordingly, | decided to use a T1-template when normalizing the fMRI

data as implemented in the SPM 12's preproc_fmri.m script. For the sake of consistency, | re-

80


https://www.jneurosci.org/content/43/20/3675.full#F1
https://www.jneurosci.org/content/43/20/3675.full#ref-74

Chapter 2

analysed fMRI data in Experiment 1 with this new preprocessing steps, as reported above. In
Experiment 1, | report the re-analysed data (note that the two preprocessing steps generated

virtually identical results).

2.4.5.2 Univariate fMRI Analysis

Similar to Experiment 1, l used three GLMs. In the first GLM, | intended to compare the two
conditions (self vs other). In the second GLM (not preregistered), | intended to test whether
mPFC activities increase parametrically as a function of self-descriptiveness and self-

importance ratings. Finally, | used the spmT images from the third GLM for the RSA.

In the first GLM, | separately modelled 40 self-reference judgment trials and 40 other-
reference trials using a box-car function convolved with the canonical hemodynamic response
function. In the second GLM, as in the first one, | separately modelled 40 self-reference trials
and 40 other-reference judgment trials. In addition, | added the following nine parametric
regressors to each of the self-reference and other-reference trial regressors: (1) self-
descriptiveness; (2) self-importance; (3) friend-descriptiveness; (4) friend-importance; (5)
valence; (6) familiarity; (7) autobiographical memory; (8) word-length; (9) whether the item was

self-provided or not.

For the first two GLMs, | submitted the contrastimages to a second level analysis. As
preregistered, | employed the same mPFC mask as in Experiment 1, and within the mPFC mask |
set the statistical threshold at p < 0.005 (uncorrected for multiple comparisons) with a cluster
threshold of p < 0.05 (FWE corrected). Outside of the mask, | set the statistical threshold at p <
0.001 (uncorrected for multiple comparisons) with a cluster threshold of p < 0.05 (FWE

corrected).

In the third GLM, | modelled separately each of the 40 items for each task. In all three

GLMs, lincluded six head motion parameters and session effects as nuisance regressors.
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2.4.5.3 Model RSMs

| conducted searchlight RSA as in Experiment 1. However, in addition to testing the effect
of self-descriptiveness and self-importance, | tested the effect of friend-descriptiveness and
friend-importance, on neural representations. So, for each participant, | calculated a model
RSM separately for each of the following nine dimensions: (1) self-descriptiveness; (2) self-
importance; (3) friend-descriptiveness; (4) friend-importance; (5) valence; (6) familiarity; (7)
autobiographical memory; (8) word-length; (9) whether the item was self-provided or not. For
self-descriptiveness, self-importance, friend-descriptiveness, friend-importance, valence, and
familiarity, | used the ratings from the second questionnaire. For autobiographical memory, |

used the ratings from the postscan behavioural session.

2.45.4 Neural RSM

| created a neural RSM for each searchlight as in Experiment 1.

2.4.5.5 RSA: Multiple Regression Analysis

In each searchlight, | conducted a multiple regression analysis where the nine model
RSMs were independent variables and the neural RSM was the dependent variable. | repeated
the analysis for every searchlight across the brain, resulting in a -map for each of the nine
independent variables and each of the two tasks [a total of 18 (2 x 9) B-maps for each
participant]. Although not preregistered, | attempted another RSA by adding a model RSM based
on participants' average RT for each item (a total of 10 model RSMs), and this additional RSA

produced results virtually identical to those reported below.

2.4.5.6 RSA: Group Analysis

| conducted the second-level group analysis as in Experiment 1 (i.e., using ShnPM). |
applied the same statistical threshold as the univariate analyses above [within the mPFC
mask, p <0.005 with cluster-p < 0.05 (FWE corrected), and outside the mask, p <0.001 with

cluster-p < 0.05 (FWE corrected)].
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2.4.5.7 Classifier-Based MVPA (not Preregistered)

| also conducted a classifier-based MVPA analysis that directly compares the effects of
self-importance and friend-importance on mPFC activation. | did so in search for evidence that
a neural code for information importance is unique to the self. Specifically, | tested whether,
during the other-reference task, the mPFC activation patterns evoked by items high (also middle
or low) in self-importance task are distinct from activation patterns evoked by items high (also

middle or low) in friend-importance.

First, | conducted another GLM analysis where each item was classified into one of the
three categories depending on level of self- (and friend-)importance: high, middle, low. Given
that the distribution of ratings was different across participants (e.g., with some frequently
providing ratings of 6-7, and others frequently providing ratings of 1-2), | used different criteria
for different participants when classifying each item into the three categories so that the three
categories included roughly an equal number of items. Of note, within each participant, | used
the same criterion for the self and other conditions. Thus, in this GLM, when modelling the fMRI
data from the self-reference task, | classified 40 items into three categories based on self-
importance ratings: (1) self-importance-high; (2) self-importance-middle; (3) self-importance-
low. | modelled separately items in each of the three categories. Similarly, for the other-
reference task fMRI data, | classified items into three categories in the same way based on the
friend-importance ratings (high, middle, or low), and | modelled separately items in each of the
three categories. | included six head motion parameters and session effects as nuisance
regressors. | then computed a spmT map for each category per fMRI run resulting in 2 (tasks;
self vs other) x 3 (level of importance) x 6 (runs) spmT images per participants, which | used in

the subsequent MVPA.

To define independently a self-importance related mPFC ROI, | used a leave-one-
participant-out cross-validation procedure (Esterman et al., 2010). | re-ran the second-level
group analysis (the searchlight RSA group analysis described above) 34 times with a different

single participant left out in each. | used each second-level analysis to determine an mPFC ROI
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for each left-out participant. For each participant, | extracted data from a three-voxel radius
sphere surrounding the peak voxel within the mPFC most strongly associated with self-
importance ratings. To ascertain that each participant's ROl was roughly from the same
anatomic subregion within the mPFC, | searched a peak voxel for each participant within a 30-

mm sphere surrounding the peak voxel identified by the group analysis with all 35 participants.

| used a linear support vector machine, which | conducted using Matlab in combination

with LIBSVM (https://www.csie.ntu.edu.tw/~cjlin/libsvm/; Wake and Izuma, 2017) with a cost

parameter of ¢c = 1 (default). | paired each of the self run and friend run in the order of
acquisition, and evaluated classification performances with a leave-one-pair-out cross-
validation procedure. Thus, using the spmT images from the five runs of each task, | trained a
classifier that discriminates activation patterns between self-importance-high versus friend-
importance-high items. Then, using the spmT images from the left-out run of each task, | tested
whether the classifier could discriminate between self-importance-high versus friend-
importance-high items. | repeated the procedure six times so that each run-pair served as the
testing set once. | averaged six classification accuracy values for each participant. | conducted
the same analysis to test whether activation patterns are distinct between items low in self-
importance versus items low in friend-importance (also, items middle in self-importance vs
middle in friend-importance). | assessed statistical significance with permutation tests where |
performed classifications with scuffled labels 1000 times to obtain a null distribution; p-values

were set at 0.05 (one-tailed) and Bonferroni-corrected for three comparisons.

2.4.6 Data Availability

Unthresholded group-level statistical maps and the mPFC mask image are available on

NeuroVault (https://neurovault.org/collections/13069/).

84


https://www.csie.ntu.edu.tw/%E2%88%BCcjlin/libsvm/
https://www.jneurosci.org/content/43/20/3675.full#ref-79
https://neurovault.org/collections/13069/

Chapter 2

2.5 Results - Experiment 1

2.5.1 Behavioural Results

Participants rated each of the 40 items on self-descriptiveness three times: (1) during the
second online questionnaire; (2) during the fMRI scan; (3) after the fMRI scan. Their responses
were highly consistent across the three sessions (average within-individual correlation =
0.74; Table 2.2). This finding supports our assumption that participants' self-concept was stable

over the weeks of testing.

Table 2.2 Average Within-Person Correlations (SD) Across the Three Self-Descriptiveness

Ratings in Experiment 1

Second Post-fMRI
questionnaire fMRI task rating
Second questionnaire |-
fMRI task 0.83 (0.09)*** -
Post-fMRlI rating 0.72 (0.14)*** 0.67 (0.12)*** -

Note. Each participant rated each of the 40 items on self-descriptiveness three times; 1) during the
second online questionnaire, 2) during the fMRI scan, and 3) after the fMRI scan. ***p < 0.001 (corrected
for multiple comparisons) based on one sample t-test (one-tailed; correlation coefficients were Fisher-z

transformed before the t-tests).

| present average correlations between the behavioural ratings (self-descriptiveness, self-
importance, valence, familiarity, autobiographical memory, word-length, whether items were
self-provided) from the second questionnaire in Figure 2.3a (note that memory ratings were
from the second memory rating task after the fMRI scan). Similarly, | present average
correlations across the seven model RSMs in Figure 2.3b. The correlation between the self-
descriptiveness and self-importance model RSMs was the highest [average r=0.31 (SD = 0.26)].
| also calculated and checked the variance inflation factors (VIFs) for the seven independent
variables within each participant. VIF provides an index of the degree to which the variance of a
coefficientis increased because of collinearity, with values of above 10 often considered

problematic. Across a total of 196 (7 variables x 28 participants) VIFs, 193 of them were below 2,
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and the maximum VIF was 3.03, indicating reasonable ability to draw inferences on the unique

variance explained by each variable in all participants.

Figure 2.3 Average Correlations Across Ratings and Model RSM

a Correlations across original ratings b Correlations across behavioral RSMs
Descriptiveness . Descriptiveness - . . -
Importance o,4a- | Importance i
Valence Valence
Familiarity Familiarity om
Memary Memory -0
Word length | om -0.07 Word length [i} 0.01 0.0 -0.02 0.02
g bya | . .. Frced by (S o

S

;fg 3 y

Note. Average correlations across seven ratings (a) and seven model RSMs (b) in Experiment 1.

Y

2.5.2 fMRI Results

2.5.2.1 Univariate Analysis

Successfully replicating the previous experiments (Qin & Northoff, 2011; Denny et al.,
2012; Murray et al., 2012), | found that the self-reference versus word-class judgment contrast
significantly activated the mPFC and PCC (Figure 2.4). Other activated regions included left and
right temporoparietal junction (TPJ), left superior temporal sulcus (STS), and lingual gyrus
(Figure 2.4; Table 2.3). The opposite contrast (word versus self) activated the left inferior frontal
gyrus (IFG), which is known to play a major role in language processing (Ferstl et al., 2008; Table

2.3)
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Table 2.3 Brain Regions Showing Significant Activations During the Self-Reference Task and

the Word-Class Judgement Task in Experiment 1

. MNI coordinates Cluster size
Contrast Location y y . Z (voxels)
Self >Word  dmPFC -9 41 53 5.62 1,605
amPFC -3 50 23 5.42
dACC 6 20 20 4.19
MFG -33 20 38 4.68 171
left STS -60 -22  -10 5.55 736
PCC -3 -46 29 4.82 370
left TPJ -45  -b8 29 6.20 580
right TPJ 57 -58 29 5.83 339
Lingual gyrus -3 -85 -4 6.37 722
Word > Self  left IFG -48 32 20 4.69 519

Note. The statistical threshold was set at p < 0.005 (uncorrected for multiple comparisons) with a cluster
threshold p <0.05 (FWE corrected). dmPFC; dorsomedial prefrontal cortex, amPFC; anterior medial
prefrontal cortex, dACC; dorsal anterior cingulate cortex, MFG; middle frontal gyrus, STS; superior
temporal sulcus, PCC; posterior cingulate cortex, TPJ; temporoparietal junction, IFG; inferior frontal

gyrus. Voxel size =3 x 3 x 3 mm.

Figure 2.4 Group Activation Maps for Self Versus Word Contrast in Experiment 1

Note. For a display purpose, | set the voxel-wise threshold at p <0.005 (uncorrected) and set the cluster

size threshold at p <0.05(FWE corrected). For all activated areas, see Table 2.3.
2.5.2.2 Parametric modulation analysis

Next, | tested whether mPFC activities parametrically increase as a function of self-
descriptiveness and/or self-importance. Contrary to previous experiments (D'Argembeau et al.,

2012; Elder et al., 2022; Koski et al., 2020; Macrae et al., 2004; Moran et al., 2006; Koski et al.,

2020), neither self-descriptiveness nor self-importance ratings were significantly associated
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with mPFC activations during the self-reference task. Other experiments with a similar event-
related design did not report results relevant to this association (Heatherton et al., 2006; Kelley
et al., 2002; Ochsner et al., 2005; Yaoi et al., 2015), although they could have done so.
Furthermore, the results of a recent experiment with direct neural recordings from human
participants using electrocorticography (ECoG; Tan et al., 2022) suggest that the linear
relationship between self-descriptiveness and mPFC activations is, if anything, small. Both self-
descriptiveness and self-importance ratings were unrelated to mPFC activities during the word

task.

2.5.2.3 Searchlight RSA Result

| conducted searchlight RSA within the mPFC ROI to test whether self-descriptiveness or
self-importance had an effect on the local patterns of activation within the mPFC. | found that
different levels of self-importance were represented by different patterns of activation within the
mPFC (medial superior frontal gyrus; x = -9, y =53, z =29, 306 voxels) during the self-reference
task (Figure 2.5; Table 2.4). However, self-descriptiveness was not significantly associated with
activation patterns within the mPFC. Likewise, the remaining five variables were not significantly
associated with mPFC activations. The mPFC region associated with self-importance (Figure
2.5a) largely overlapped with the mPFC region activated by the self versus word contrast (Figure
2.4). Out of the 306 voxels whose activities were significantly associated with self-importance,
194 voxels (63.3%) were included in the area significantly activated by the self-reference task

compared with the word task (Figure 2.5b).

Table 2.4 mPFC Regions from Searchlight RSA Showing Significant Association with Self-

Importance Ratings During the Self-Reference Task in Experiment 1

. MNI coordinates Cluster size
Location Y4
X y z (voxels)
dmPFC -9 53 29 3.84 306
dACC 12 38 23 3.47

amPFC 6 56 14 2.89
Note. The statistical threshold was set at p < 0.005 (uncorrected for multiple comparisons) with a cluster

threshold p < 0.05 (FWE corrected). Voxel size =3 x 3 x 3 mm.
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Figure 2.5 Searchlight RSA Results in Experiment 1

[B] Self vs. Word contrast
[] Self-importance (searchlight RSA)
[] Overlap

Note. (a) Self-importance was significantly associated with activation patterns within the mPFC during
the self-reference task (see also Table 2.4). p < 0.005 (uncorrected) and cluster-p < 0.05 (FWE corrected).
(b) The mPFC areas significantly associated with self-importance (cyan) largely overlapped with the areas

activated by the self-reference task compared to the word-class judgement task (magenta; Figure 2.4).

| repeated the same searchlight RSA using the data from the word-class judgment task,
and found no significant results. The null effects indicate that the representation of self-
importance within the mPFC is task dependent. Self-importance is represented within the

mPFC only when performing a task that requires thinking about the self.

Outside of the mPFC ROI, different levels of word-length were represented by different
patterns of activation within the visual cortex (lingual-gyrus) for both the word-class judgment
task and the self-reference task, indicating that visually similar stimuli evoke similar activation

patterns in the visual cortex regardless of task. No other significant results emerged.

Taken together, | obtained initial evidence that the mPFC represents self-importance
information. However, itis possible that the mPFC represents importance not specific to self-
identity, but relevant to another person's identity as well; that is, the mPFC may not be specific
to the self, but instead process person information in general. | addressed this possibility in

Experiment 2.
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2.6 Results - Experiment 2

2.6.1 Behavioural Results

Participants rated each of the 40 items on self-descriptiveness and friend-descriptiveness
twice: (1) during the second online questionnaire; (2) during the fMRI scan. Their responses were
highly consistent across the two sessions. Average within-individual correlation for self-
descriptiveness ratings was 0.78 (SD = 0.09), and average within-subject correlation for friend-

descriptiveness was 0.74 (SD = 0.09).

| present average correlations between the behavioural ratings (self-descriptiveness,
friend's self-descriptiveness, self-importance, friend's self-importance, valence, familiarity,
autobiographical memory, word-length, whether items self-provided) from the second
questionnaire in Figure 2.6. | checked the VIFs for the nine independent variables within each
participant. Results showed that all 315 (9 variables x 35 participants) VIFs were below 2,
indicating reasonable ability to make inferences on the unique variance explained by each

variable in all participants.

Figure 2.6 Average Correlations Across Ratings and Model RSMs

a Correlations across original ratings b Correlations across behavioral RSMs
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Note. Average correlations across nine ratings (a) and nine model RSMs (b) in Experiment 2.
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2.6.2 fMRI Results

2.6.2.1 Univariate Analysis

The self-reference versus other reference contrast did not reveal significant activation
within the mPFC or across the whole brain. Although this result is in contrast to our
preregistered hypothesis, previous experiments have generated mixed findings regarding the
difference between the self and other conditions, and our finding is consistent with experiments
that reported no difference (Benoit et al., 2010; Ochsner et al., 2005; Schmitz et al., 2004; Tan et
al., 2022; Vanderwal et al., 2008). The opposite contrast also did not reveal significant activation

in any region.

2.6.2.2 Parametric Modulation Analysis

I investigated whether mPFC activities parametrically increase as a function of self-
descriptiveness and/or self-importance. However, as in Experiment 1, neither self-
descriptiveness nor self-importance ratings were significantly associated with mPFC
activations during the self-reference task. Similarly, neither friend-descriptiveness nor friend-
importance were significantly associated with mPFC activations during the other-reference

task.

2.6.2.3 Searchlight RSA within the mPFC ROI

Based on our preregistered hypothesis that self-importance is encoded in the mPFC, I first
limited the search area to within the mPFC by applying the anatomic mPFC mask. | conducted
searchlight RSA to test whether self-importance information is represented in areas within the
mPFC during self-reference task. As hypothesised, self-importance was reliably signalled in the
mPFC during the self-reference task (x =3, y= 41, z= 50; 280 voxels; Figure 2.7a; Table 2.5). This
mPFC cluster overlapped with the mPFC cluster related to self-importance in Experiment 1,

although the overlap was relatively small (a total of 25 voxel; Jaccard index = 0.046; Figure 2.7b).
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Table 2.5 mPFC Regions from Searchlight RSA Showing Significant Association with Self-

Importance During the Self-Reference Task in Experiment 2

. MNI coordinates Cluster size
Location
X y z (voxels)
dmPFC 41 50 3.65 280

3
amPFC 9 53 14 3.43
dACC 9 41 17 3.02

Note. The statistical threshold was set at p < 0.005 (uncorrected for multiple comparisons) with a cluster

threshold p < 0.05 (FWE corrected). Voxel size =3 x 3 x 3mm.

Figure 2.7 Searchlight RSA Results in Experiment 2

N H:z

B Experiment 1 Mega-analysis (n = 63)
[[] Experiment 2
[C] overlap

Note. (a), activation overlaps between Experiments 1 and 2 (b), and mega-analysis results (c). (a) Self-
importance was significantly associated with activation patterns within the mPFC in Experiment 2 (see
also Table 2.5). p <0.005 (uncorrected) and cluster-p < 0.05 (FWE corrected). (b) mPFC areas associated
with self-importance in Experiment 2 (magenta) overlap with areas associated with self-importance in
Experiment 1 (cyan). (c) Mega-analysis results (n = 63) showing an mPFC cluster that is significantly
associated with self-importance (see also Table 2.7). p < 0.005 (uncorrected) and cluster-p < 0.05 (FWE

corrected).

In contrast, self-descriptiveness was not encoded in the mPFC during the self-reference
task. Furthermore, neither self-importance nor self-descriptiveness were encoded in the mPFC
during the other-reference task. These results replicate those of Experiment 1. Processing of
information about how important each stimulus is to the self in the mPFC is task dependent,
and its neural representations emerge only when performing a task that requires thinking about

the self.
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In contrast, both friend-descriptiveness and friend-importance were not significantly
associated with mPFC activation during the self-reference and other-reference tasks. Likewise,

the remaining five variables were not significantly related to mPFC activation during either task.

2.6.24 Whole-brain searchlight RSA

| performed searchlight RSA throughout the whole-brain. Consistent with Experiment 1, |
found that different levels of word-length were represented by different patterns of activation
within the visual cortex (lingual-gyrus) for both the self-reference and other-reference tasks. |
also found that, during the self-reference task, familiarity ratings were related to activation
patternsin left middle frontal gyrus (MFG; x = -21, y =4, z= 47, 648 voxels) and in left inferior

frontal gyrus (IFG; x = -45, y =11, z= 14, 302 voxels). No other significant effects emerged.

2.6.3 Exploratory Analysis Directly Comparing Effects of Self-Importance and Friend-

Importance

Although classification performance for items high in importance was not significant, the
classifier-based MVPA successfully discriminated activation patterns between self-importance-
middle versus friend-importance-middle and between self-importance-low versus friend-
importance-low (Table 2.6), indicating that neural codes for information importance are largely
unique to the self. Classification performance was not significant for items high in importance;
however, our additional analysis found that the data were noisier for items high in importance
(i.e., activation patterns evoked by the same item were less consistent across six runs of the
same task; Figure 2.8). It also found that the self-reference task data were noisier compared
with those of the other-reference task. Thus, mPFC activation patterns evoked by items high in
self-importance during the self-reference task were least consistent (i.e., noisiest) across six
runs. This might be because performing the self-reference (vs other-reference) task and items
high (vs low) in importance evokes other cognitive/affective processes (e.g., autobiographical
memory, positive affect) that can influence mPFC activation (Bartra et al., 2013; Martinelli et al.,

2013), and these unrelated processes might have impacted on mPFC activation patterns
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differently in each run. Regardless, the elevated level of noise observed in items high in self-
importance explains, at least partially, the nonsignificance classification performance for items

high in self- versus friend-importance.

Table 2.6 Classifier-based MVPA Results

Comparison Classification Performance Pperm (Uncorrected)
High importance 50.48% 0.40

Middle importance 62.62% <0.001**

Low importance 55.71% 0.003*

Note. * p<0.05 and ** p <0.01 (Bonferroni corrected). Significant classification performance means that

activation patterns were distinct in the self versus other conditions for a given importance level.

Figure 2.8 Average Within-Condition Correlations
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Note. Average within-condition correlations for each of the six conditions (2 [task; self versus other] x 3
[importance-level; high, middle, or low]). Each participants completed six runs of each task, and within-
condition correlations were computed for all possible run-pairs (a total of 15) which was averaged within
each participant. A 2 x 3 repeated-measures Analysis of Variance (ANOVA) revealed significant main
effects of both task (F(1,34=6.71, p = 0.014) and importance-level (F,¢s) = 3.67, p = 0.0307), whereas a
task x importance-level interaction was not significant (F;, e5y= 0.5262 p = 0.539). Note that the correlation

coefficients were Fisher-z transformed before conducting the ANOVA.
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2.6.4 Mega-Analysis (not preregistered)

Given that the self condition was common across Experiments 1 and 2, | combined the self-task
data from both experiments and ran a mega-analysis that included 63 participants. Self-
importance information was reliably encoded in a large cluster in the mPFC (x =15,y=38, z=

26, 942 voxels; Figure 2.7c; Table 2.7).

Table 2.7 mPFC Regions from Searchlight RSA (Mega-Analysis; n = 63) Showing Significant

Association with Self-Importance During the Self-Reference Task

. MNI coordinates Cluster size
Location z
X y Z (voxels)
dACC 15 38 26 4.42 942

amPFC 9 56 14 4.34

dmPFC 6 47 38 3.82
Note. | set up the statistical threshold at p <0.005 (uncorrected for multiple comparisons) with a cluster

threshold p < 0.05 (FWE corrected). Voxel size =3 x 3 x 3 mm.

When | did not apply the anatomic mPFC mask, the above mPFC cluster extended
laterally to right IFG (x = 36, y =38, z=5) and left IFG (x = -33, y = 29, z = 29) consisting of 2087
voxels. | observed no other significant cluster for self-importance. Familiarity information was
represented in right superior frontal gyrus (SFG; x =27, y = 26, z=53; 303 voxels), and
autobiographical memory information was represented in right lingual gyrus (x=27,y=-67,z=
—-1; 440 voxels). Furthermore, unsurprisingly, word length was strongly associated with
activation patterns in the visual cortex (right: x=12, y=-85,z=2, and left: x=-9,y=-91,z=2; a

total of 2413 voxels). | observed no significant result for self-descriptiveness and valence.

2.7 Discussion

Previous research has linked the self-reference task to neural activation in the mPFC
(Wagner et al., 2012), but itis unclear which information about the self is represented in that
brain region. Across two self-reference experiments, controlling for potential confounds, |
consistently demonstrated that the mPFC represents how important attributes are to one's self-

identity. The results suggest that the self-concept is represented in the mPFC and
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conceptualized in terms of self-importance, not self-descriptiveness. Furthermore, in both
experiments, the parametric modulation analysis found no significant activation in the mPFC.
Thus, these results indicate that self-importance information systematically alters activation
patterns, but does not affect overall activation magnitude in the mPFC. In Experiment 2, | did not
observe the relationship between mPFC neural responses and importance in the other (best
friend) condition, and mPFC activation patterns associated with each of three levels of
importance were generally distinct between self and best friend, suggesting that the mPFC
represents information about the importance of information specifically to the self. Taken
together, our research improves understanding about how and where the self is represented in

the brain.

Although | found an association between self-importance and mPFC activation patterns
across two experiments, the self-importance sensitive mPFC areas did not overlap widely
(Figure 2.7b). Given that locations of peak self-related activations reported in previous
neuroimaging experiments vary greatly along the z-coordinates (e.g., from z=-10to z=70; see
also Denny et al., 2012), there might be considerable individual differences in functional
dissociations within the mPFC. Thus, only focusing on a group average may prevent researchers
from fully understanding the role of the mPFC in the self-concept (and the mPFC functions more

generally). Follow-up research should consider and address this possibility.

Although neuroimaging research has documented the involvement of the default mode
network in the self-reference task (Qin & Northoff, 2011; Wen et al., 2020), the current results
indicate that only the mPFC is associated with self-importance. This finding is consistent with a
previous lesion study, which illustrated the mPFC's crucial role in accurate and reliable trait
knowledge of the self (Marquine et al., 2016). A patient (J.S., 74-year-old white male) had
extensive damage to the medial prefrontal areas including orbitofrontal cortex and anterior
cingulate gyrus. He and control participants completed a self-reference task on two occasions
using the same trait adjectives. A male nurse who had known Patient J.S. for five years also

rated patient J.S. on the same traits. Patient J.S.'s ratings were less consistent across two
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sessions and less consistent with ratings done by the nurse compared with the control group.
On the other hand, when patient J.S. was asked to rate the nurse, his ratings were consistent
across two sessions and consistent with ratings done by the nurse himself, indicating that trait
knowledge of another person was preserved. In similar experiments with various patients (e.g.,
autism, ADHD, Alzheimer's disease), trait self-knowledge was remarkably resistant to neural
and cognitive damage (Klein and Lax, 2010). Thus, to the best of our knowledge, damage to the
mPFC is the only case where trait knowledge of self is impaired, which is in a sharp contrast to
other nonself-related knowledge that is impaired after damage to parietal, temporal, or frontal

areas (Damasio et al., 2004; Gainotti, 2000; Neininger & Pulvermuller, 2003).

| demonstrated across two experiments that self-importance is represented in the mPFC
only during the self-reference task, whereas stimulus' perceptual properties (i.e., word length)
are represented in the visual cortex regardless of the task involved. This task-specific neural
representation is consistent with RSA experiments on object representations (Bracci et al.,
2017), which showed that information relevant to a given task is represented in prefrontal and
parietal areas only while performing the task, whereas occipitotemporal areas mainly represent
stimulus' perceptual properties (e.g., object shape) regardless of task involved. However, during
the self-reference task, participants judged whether each personality trait describes them or
not; this task does not explicitly require judging how important each trait is to one's identity.
Hence, our results suggest an interesting possibility: individuals may actively use self-
importance information of a stimulus when judging self-descriptiveness. Furthermore, given the
lesion study described above (Marquine et al., 2016), self-importance information represented

in the mPFC might be necessary for accurate and consistent self-knowledge.

Our findings have far-reaching implications. First, they can be contextualized in
psychological models of the self-concept. One family of such models depicts the self-concept
as an associative network structure where the self is a central entity (node) connected to a

” «

number of self-relevant features (e.g., “young,” “university student”) that are themselves

connected to each other (Greenwald and Pratkanis, 1984; Kihlstrom and Cantor, 1984).
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Researchers further added associative strength to the network model so that some of features
(nodes) are more or less strongly connected to the self (and each other; Greenwald et al., 2002).
Although these researchers considered the strength of association as “the potential for one
concept to activate another” (p. 5), its psychological meaning was unspecified. Our findings
suggest that, for links (edges) directly connected to the self, strength of association may be
understood as degree of self-importance. Given that associative strength is considered
responsible for reaction time facilitation or inhibition during the IAT, our findings generate a
hypothesis about reaction time facilitation (e.g., priming effects) based on information self-
importance, but not self-descriptiveness (although factors other than self-importance are likely
to affect reaction times, such as valence). For example, if being a writer is important to an
individual, processing speed for the word “writer” will be facilitated after seeing a prime word
“self” (or other highly self-important stimulus). Thus, scores on the self-esteem IAT (Greenwald
& Farnham, 2000) might reflect the self-importance information processing function of the
mPFC as well as the valence processing function of the reward related network. Largely
consistent with this possibility, individual difference in implicit self-esteem as measured by the
IAT are independently predicted by activation patterns in the mPFC and those in reward-related

brain regions (Izuma et al., 2018).

Second, the findings have implications for psychological research on the link between the
self-concept and mental health. For example, it is possible that people who have greater self-
complexity (i.e., higher number of, and great differentiation between, self-aspects) are less
likely to experience depression, physicalillness, and stress in response to aversive events
(Linville, 1987), especially when they perceive high control over their self-aspects (McConnell et
al., 2005). Similarly, individuals who identify with multiple groups, compared with a single
group, report lower stress levels (Binning et al., 2009). Other lines of research point to a link
between mental conditions or disabilities and the self-concept. For instance, schizophreniais
associated with changes in self-identity (Conneely et al., 2021), and individuals with autism

manifest atypical neural self-representation (Lombardo et al., 2010). How information self-
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importance is represented in these patients' brains might shed new light on the nature of mental

health, including schizophrenia and autism.

Third, the findings have implications for the long-debated nature of the self among
psychologists. One stream of research has emphasised the cognitive properties of the self
(Kihlstrom & Klein, 1994; Kihlstrom et al., 2003), characterizing its cognitive structure as
complex but ordinary (Greenwald & Banaji, 1989). Another stream of research has emphasised
the motivational properties of the self (Kunda, 1990; Sedikides & Strube, 1997), emphasising its
uniqueness (Alicke & Sedikides, 2009; Sedikides, 2021). Our findings align with the second
empirical stream. If the cognitive representation of the self is unique compared with the
cognitive representation of other, this uniqueness lies in motivation (here, attribute self-
importance) rather than cognition (here, attribute self-descriptiveness). Moreover, the findings
have implications for the long-debated nature of the self among philosophers. Numerous
philosophers have cast serious doubts on the mere existence of the self (Baggini,

2011; Hofstadter, 2007; Metzinger, 2009; Midgley, 2014). Here, | countered his viewpoint by
providing evidence for the representation of the self in the brain, not only in terms self-

descriptiveness, but also in terms of self-importance.

In conclusion, research on the self has a long history in psychology (James, 1890), and the
question of “where is the self in the brain?” has attracted keen theoretical and empirical interest
in the last two decades (Craik et al., 1999). Although earlier neuroimaging experiments found a
robust link between mPFC activation and self-reference processing, what information about the
self is processed in the mPFC during a self-reference task has eluded an answer. Our research
pinned down the nature of the information about the self thatis represented in the mPFC:
across two experiments, | demonstrated that information about self-importance (how important
a stimulus is to one's self-identity), but not self-descriptiveness, is represented in the mPFC. Put
otherwise, the self-conceptis represented in the mPFC in terms of self-importance. The mPFC
is a neural locus of the self-concept, and this neural system may play a pivotal role in

maintaining an accurate and consistent self-concept.
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Chapter3 No Facilitation Effect of Self-Importance
on Reaction Time in an Evaluative Priming

Paradigm

3.1 Abstract

According to associative network models, the self is a central node connected to other
nodes that represent concepts related to the self, and that are themselves connected to each
other. Connections between nodes are based on strength, that s, the extent to which they can
activate each other. However, the psychological meaning of these connections, or associative
links, is unknown. The neuroimaging experiment described in Chapter 2 demonstrated that the
self-conceptis represented in the mPFC in terms of self-importance. In this preregistered
behavioural experiment, | evaluated the hypothesis that strengths of associative links depend
on self-importance. | used an evaluative priming task paradigm to test the effect of stimuli’s
importance to the self-conceptin terms of reaction times while controlling for the effects of
self-descriptiveness and valence. | did not obtain support for the hypothesis. Instead, contrary
to the hypothesis, in an exploratory analysis, | found a priming facilitation effect of self-
descriptiveness in the self condition (compared to the other condition). This result is consistent
with the possibility that the strength of the associative links in an associative network model of

the self represents self-descriptiveness.

3.2 Introduction

Having a sense of self is essential for navigating social interactions (Decety & Sommerville,
2003; Sedikides et al., 2021). The self-concept consists of everything one knows about their
personality, such as likes, dislikes, traits, values, beliefs, roles, and ingroups (Sedikides &
Gregg, 2003; Sedikides & Spencer, 2007). To understand a multifaceted construct such as the

self (Klein & Kihlstrom, 1984; Markus & Wurf, 1987), a researcher must consider not merely the
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content, but also the structure of the self-concept (McConnell & Strain, 2011), which is rich and
elaborate (Cantor & Kihlstrom, 1984). Researchers have proposed associative network models
where the self serves as a central node, linking to other interconnected nodes that represent
self-related concepts such as traits, roles, and attitude (Greenwald & Pratkanis, 1984; Kihlstrom
& Cantor, 1984). The strength of these links varies depending on how effectively they activate

each other (Greenwald et al., 2002). However, the psychological meaning of the links is unclear.

The self-concept is often assessed in terms of self-descriptiveness (Bradley & Mathews,
1983; Kuiper & Derry, 1982; Rogers et al., 1977; Symons & Johnson, 1997), but it can also be
assessed in terms of self-importance. Self-descriptiveness is not to be equated with self-
importance. For example, “l am human” or “l have 10 fingers” describes most people, but itis
unlikely that it is important for their self-identity. Markus (1977) highlighted that although many
words describe us, not all are important. Thus, to investigate the self-concept, itis essential to
also include a measure of self-importance. In an experiment by Markus (1977; (N = 48),
participants were assigned to one of three groups based on their ratings of self-descriptiveness
and self-importance along the dependence-independence dimension. The three groups were:
(1) those who rated themselves at the extreme end of dependence; (2) those who rated
themselves at the extreme end of independence; (3) those with moderate ratings (aschematics).
Participants viewed traits for 2 seconds and judged whether the traits were descriptive of
themselves. Reaction times were assessed. Independent participants were faster to respond to
traits related to independence, dependent participants were faster to respond to traits related
to dependence, and aschematics showed no difference in reaction time. A follow-up
experiment on gender role orientation produced similar results (Markus et al., 1982). The
findings suggest that people need shorter time to judge the relevance of traits that are highly
important and descriptive, because these traits are closely linked to the self-node in memory
(Kihlstrom & Cantor, 1984). Yet, these experiments (Markus, 1977; Markus et al., 1982) did not

differentiate self-importance from self-descriptiveness. The relevance of self-importance was
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highlighted by further research. For example, those who consider morality a highly self-

important characteristic are more likely to help outgroup members (Reed & Aquino, 2003).

The neuroimaging experiment described in Chapter 2 (i.e., Levorsen et al., 2023)
demonstrated that the self-conceptis represented in the medial prefrontal cortex (IPFC) in
terms of self-importance. While in an fMRI scanner, participants viewed a broad range of stimuli
(e.g., physical characteristics, traits, likes, dislikes, roles) and judged if each described them.
Participants rated the stimuli on self-importance, self-descriptiveness, and potential confounds
(i.e., valence, autobiographical memory.) The findings indicated that the self is represented in
the mPFC (and, by implication, the brain) in terms of self-importance rather than self-

descriptiveness.

Experiments using implicit measures have reported a facilitation effect when self-related
stimuli and positive stimuli are paired compared to control ones. Implicit measures, most
prominently the IAT (Greenwald et al., 1998), have also been used in research on self-esteem,
an attitude toward the self (Rosenberg, 1979). Greenwald et al. (2002) proposed an associative
network model of the self-concept. In this model, self-esteem represents the strength of the link
between self and valence. Although the self can be linked to either positive or negative valence,
most individuals have positive self-esteem (Greenwald et al., 2002). Greenwald and Farnham
(2000) conducted an experiment in which they measured self-esteem with the IAT. Compared to
negative words, participants were faster to categorise self-related words with positive words.
Similarly, evaluative priming task experiments (Koole & Coenen, 2007; Tao & Zhang, 2012) found
faster reaction times in categorising positive words (compared to negative ones) when
participants were primed with self-related words or pictures (compared to other-related
stimuli). Also, a neuroimaging experiment (Izuma et al., 2018) using fMRI and the IAT reported
that activation in reward-related regions of the brain when viewing images of the self predicted
individual differences in implicit self-esteem. The collective evidence indicates that the self-

node in an associative network model is strongly linked to positivity (Greenwald et al., 2002).
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The aim of the current experiment was to find out if links between the self node and self-
related concepts represent self-importance. | assumed that associative strength can be
operationalised as facilitation in terms of reaction times (Greenwald et al., 2002). | used an
evaluative priming task paradigm to test if reaction times for self-related stimuli are faster when
preceded by a highly self-important prime word. Participants provided characteristics related to
themselves, which | used as stimuli in the priming task. Based on prior findings (Levorsen et al.,
2023 as reported in Chapter 2; Markus et al., 1977), | hypothesised a priming facilitation effect of

self-importance in the self (versus other) condition.

3.3 Materials and Method

3.3.1 Preregistration

| preregistered hypotheses, sample size, data analyses plan, and exclusion criteria on the
Open Science Framework (https://osf.io/v4jzr). Unless otherwise stated, | followed the

preregistered analyses plan.

3.3.2 Participants

| recruited 83 University of Southampton undergraduate students, who stated that they
were native English speakers and above the age of 18 years. To dissociate the effect of the
independent variables on reaction time, | calculated the intercorrelation for each participant’s
ratings and selected stimuli with the lowest correlation (see “Stimuli Set Preparation” below, for
exact steps). If the correlation for a participant’s selected stimuli was > .55, | reimbursed them
for completing the two online questionnaires but did not invite them to take partin the
behavioural experiment session. | excluded 22 participants, because their correlation was too
high. Sixty-one participants completed all three parts of the experiment. | then excluded one
participant due to a high rate of incorrect responses (> 20%). Also, | excluded another
participant, as they were not a native English speaker. The final sample consisted of 59

participants (39 women, 19 men, 1 non-binary) aged 18-38 years (M =20.50, SD = 3.45). The
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experiment was approved by the University of Southampton ethics committee. Participants

either received £12.50 or course credit.

3.3.3 Experimental Procedure

The experiment comprised three parts: (1) first online questionnaire; (2) second online
questionnaire; (3) behavioural experiment session. The two online questionnaires were similar
to those of Levorsen et al. (2023; Chapter 2). The purpose of these two online questionnaires
was to create a set of stimuli that covered a wide range of participants’ self-concept. On
average, the first and second questionnaires were separated by 2.9 days, and the second

questionnaire and the behavioural session were separated by 6.4 days.

3.3.3.1 First Online Questionnaire

During the first online questionnaire, participants provided at least 30 self-related items
by responding to the prompt “l___” or “My___”. They were presented with examples such as
physical characteristics (e.g., | am tall), personality (e.g., | am social), likes or dislikes (e.g.,
food, music, artists), and groups to which they belonged (e.g., university, department, clubs).
Participants listed not only strengths and likes, but also weaknesses and dislikes. This task was
similar to the Twenty Statements Test (Kuhn & McPartland, 1954). Table 3.1 displays examples

of stimuli.

3.3.3.2 Second Online Questionnaire

The second online questionnaire consisted of some items provided by the participantsin
the first online questionnaire and some items added by the experimenter. The latter were
included to dissociate the three dimensions (i.e., self-importance, self-descriptiveness,
valence). In total, the second online questionnaire included 80 items. Participants rated each
item on self-importance (1 = not important at all, 7 = very important), self-descriptiveness (1 =
not descriptive at all, 7 = very descriptive), and valence (1 = very negative, 7 = very positive). |

counterbalanced the order of the three dimensions.
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3.3.3.3 Stimulus Set Preparation

For each participant, | selected a final stimulus set of 40 items. To dissociate the effect of
the dimensions (i.e., self-importance, self-descriptiveness, valence), | aimed to select items
with the lowest inter-correlation. In particular, | randomly selected 40 of the 80 items (from the
second questionnaire) and calculated the correlation across: (1) self-importance, (2) self-
descriptiveness; (3) valence; (4) whether the item was provided by the participant (coded as 1)
or the experimenter (coded as 0). Next, | noted the highest correlation (rugnest) and repeated this
process 10,000,000 -1,000,000,000 times. Finally, | selected 40 items with the lowest rijges:.

Table 3.1 displays examples of stimuli.

Table 3.1 Examples of Items Used in the Experiment

Physical Social Attributes Other

Tall Psychology Netball Self-conscious Paragliding

Fair skin Islamic society Optimistic Divorced parents

Left-handed Girls grammar school  Scared of heights Great British Bake Off

Beautiful Daughter Feelunderappreciated Taylor Swift

Slightly crooked teeth ~ Student ambassador Thoughtful Gap year

Lean Irish High 1Q Parttime job

Blue-green eyes Christian Short-tempered Younger siblings
3.3.4 Behavioural Experiment Session

As part of the final behavioural task, | provided participants with task instructions and
practice trials. They completed an adapted version of an evaluative priming task (Figure 3.1).
They were instructed to ignore the prime item and to quickly and accurately determine whether
the target item was self-related (I, My, Me, Mine, Self) or other-related (They, Them, Their, Theirs
or Other). Participants completed six blocks, with each block consisting of 40 trials (one item
per trial, so that each selected item was presented once per block). Across the six blocks, each
item was paired with three self-related targets and three other-related targets. The trial order

within each block was randomised. For each trial, participants were first presented with a prime
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item in the middle of the screen in yellow font. The prime item remained on the screen for 200
ms and was followed by a blank screen for 100 ms. Next, they were presented with a targetitem
that was either self-related or other-related. The question “Self-relevant?” appeared above the
target item. At the bottom of the screen, a “yes” and “no” appeared in counterbalanced order
across participants. Participants answered “yes” or “no” with the “f” or “j” button on the
keyboard. The target item remained on the screen until participants had responded. Each trial
was separated by an inter-trial-interval of 1 second. Overall, each participant completed 240
trials. Demographic questions concluded the experimental session. | used Psychtoolbox
(http://psychtoolbox.org/) with MATLAB software (version 2022, http://www.mathworks.co.uk)

to program the task.

Figure 3.1. Example of Trials During the Experimental Task

200 ms

100 ms

Until decision is made

1000 ms

Note. In both conditions participants were presented with a prime word, followed by a blank screen. Next,
they judged if a target word was self-relevant. In the self condition the target word was self-relevant (I, My,
Me, Mine, Self). In the other condition the target words were other-related (They, Them, Their, Theirs or

Other).
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3.3.5 Data Analysis

| analysed the data using the Statistics and Machine Learning Toolbox with MATLAB

software (version 2019a, http://www.mathworks.co.uk). | ran a repeated measures linear mixed

effect model. The fixed effects were condition (self or other), self-importance ratings (1-7 rating),
self-descriptiveness ratings (1-7 rating), and valence ratings (1-7 rating). | also included nhumber
of characters of target words as a covariate, and participants as a random effect (random
intercepts). Further, | tested the interaction effect between condition and each of the other
fixed effects. The dependent variable was reaction time. Following standard procedures for

reaction time data, | log-transformed the data to correct for skewness (Greenwald et al., 1998).

| hypothesised that participants would respond faster to stimuli rated high (compared to
low) on self-importance in the self condition compared to the other condition (i.e., Self-
importance x Condition interaction on reaction time). As prior research has found a self-
positivity bias in implicit measures (Greenwald & Farnham, 2000; Koole et al., 2001; Koole &
Coenen, 2007), valence might affect reaction times. A Valence x Condition interaction is likely,
such as participants would respond faster to stimuli rated high (compared to low) on valence in

the self condition compared to the other condition.

3.3.5.1 Exploratory Analyses (Not Preregistered)

Given that most participants did not use the full range of the 7-point rating scale for self-
importance, self-descriptiveness, and valence, | ran exploratory analyses with standardised
rating values. The model remained the same. In addition, | ran a t-test to assess the difference in

reaction time between the two conditions (self versus other).

3.3.6 Data Reduction

| discarded trials in which reaction times were less than 0.25 seconds and more than 1.5
seconds (mean reaction time exclusion was 1.92%). | also discarded trials in which participants

responded incorrectly (mean error rate was 2.18%).
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3.4 Results

The average reaction time was 0.567 seconds (SD = 0.177 seconds) in the self condition
and 0.596 seconds (SD = 0.186 seconds) in the other condition. A paired sample t-tests
revealed faster reaction time in the self condition compared to the other condition t(58) = -

6.338, p<0.001, M=-0.050, SD =0.061, 95% CI [-0.066, -0.035], d = -0.825.

3.4.1 Linear Mixed-Effects Model

| display results of the model in Table 3.2. Inconsistent with the hypothesis, the Self-Importance
x Condition interaction was not significant. Also, inconsistent with self-positivity, the Valence x
Condition interaction was not significant. There was a significant effect of number of target
characters on reaction times indicating that the longer the target word, the slower the reaction
times. No other significant main effect or interaction emerged. | display in Figure 3.2 line graphs
demonstrating the association between each rating (self-importance, self-descriptiveness,

valence) and reaction times. The random intercept variance for subject was 0.114 (SD = 0.246).

Table 3.2 Mixed-Effects Model for Reaction Time Predicted by Condition, Self-Importance,
Self-Descriptiveness, Valence, and Number of Target Characters

Fixed effects Estimate SE t p
Intercept -0.681 0.022 -31.089 <0.001
Self-importance -0.001 0.002 -0.499 0.618
Self-descriptiveness 0.003 0.002 1.503 0.133
Valence -0.001 0.002 -0.241 0.810
Condition 0.027 0.017 1.568 0.117
Target characters 0.024 0.002 11.187 <0.001
Valence x Condition -0.003 0.003 -1.062 0.288
Self-importance x Condition 0.002 0.003 0.671 0.502
Self-descriptiveness x Condition -0.003 0.003 -1.258 0.208

Formula: log reaction time ~ 1 + self-importance*condition + self-descriptiveness*condition +
valence*condition+ target characters + (1 | subject)
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Figure 3.2 Line Graphs Illustrating Reaction Time on the Y-Axis and the Three Ratings on the

X-Axis
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Note. (a) Self-importance; (b) Self-descriptiveness; (c) Valence. Blue lines represent the self condition

and orange lines represent the other condition. Raw reaction times are used for illustration.

3.4.2 Exploratory Analysis with Standardised Ratings (Not Preregistered)

Given that most of the participants did not use the full range of the 7-point rating scale
(57.63% for self-importance, 66.10% for self-descriptiveness and 59.32% for valence), |
standardised the values and ran an exploratory analysis with standardised rating scores

(otherwise the model remained the same as the preregistered model).

| display the results of the model with standardised rating scales in Table 3.3. The Self-
importance x Condition interaction was not significant. However, the Self-descriptiveness x
Condition interaction was significant: there was a priming facilitation effect of self-
descriptiveness on self-related (compared to other-related) target stimuli. Figure 3.3 displays
the association between each rating and reaction time: Figure 3.3a shows the line charts for
self-importance, whereas Figure 3.3b shows the line charts for self-descriptiveness. The effect
of number of target characters on reaction time was significant. No other significant effects

emerged. The random effects remained the same as in the preregistered model.
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Table 3.3 Mixed-effect Model for Reaction Time Predicted by Condition, Standardised Self-
Importance, Standardised self-Descriptiveness, Standardised Valence, and Number of
Target Characters

Fixed effects Estimate SE t p
Intercept -0.671 0.018 -36.773 <0.001
Self-importance 0.003 0.003 1.035 0.301
Self-descriptiveness 0.006 0.003 1.715 0.086
Valence -0.002 0.003 -0.585 0.558
Condition 0.003 0.006 0.439 0.661
Target characters 0.024 0.002 11.214 <0.001
Valence x Condition -0.003 0.004 -0.589 0.556
Self-importance x Condition -0.006 0.005 -1.276 0.202
Self-descriptiveness x Condition -0.009 0.005 -2.018 0.044

Formula: log reaction time ~ 1 + standardised self-importance*condition + standardised self-
descriptiveness*condition + standardised valence*condition + target characters + (1 | subject)

Figure 3.3 Line Graphs lllustrating Reaction Time on the Y-Axis and Standardised Ratings on

the X-Axis
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Note. (a) Self-importance; (b) Self-descriptiveness; (c) Valence. Blue lines represent the self condition

and orange lines represent the other condition. Raw reaction times are used for illustrative purposes.

110



Chapter 3

3.5 Discussion

Using an evaluative priming task paradigm, | tested the priming effect of self-importance,
self-descriptiveness, and valence in two different conditions (self versus other). Contrary to
hypotheses, there was no priming effect of self-importance in the self condition. There was a
significant effect of number of target characters on reaction times indicating that the longer the
target word, the slower the reaction times. No other significant main effect or interaction effect
emerged in our pre-registered model (Figure 3.2). When | ran an exploratory analysis with
standardised rating values, | still did not find a priming effect of self-importance (although the
interaction was in the expected direction; Figure 3.3a). Instead, | found a priming facilitation
effect of self-descriptiveness in the self condition relative to the other condition (Figure 3.3b),
suggesting that the strength of associative links in a self memory structure depends on self-

descriptiveness.

Two features of the experimental design may explain the absence of the hypothesised
effects. First, the strength of the prime words in terms of self-importance and valence might not
have been sufficient to trigger the spreading of activation. Researchers have discussed whether
only extreme (strong) primes or also the presentation of less extreme (weak) primes resultin
automatic activation and thus spreading of activation to associatively linked concepts (Bargh et
al., 1992; Fazio et al., 1986; Klauer & Musch, 2003). In the pioneering evaluative priming
experiment, Fazio et al. argued that only strong attitude prime words result in automatic
activation of the prime, and thus facilitation and inhibition priming effects to the target. They
maintained that a “weak association” or “nonattitude” is “unlikely to be capable of automatic
activation” (p. 236). In contrast, Bargh et al. (1992) argued that weaker (less extreme) prime
words could also result in automatic activation and evaluative priming effects. Here, to examine
the priming effects of self-importance, self-descriptiveness, and valence, | used words of
varying extremity on these three dimensions. According to Fazio et al., the primes might not
have been strong enough to result in automatic activation. If the associative links in a network

model of the self-concept represent self-importance and valence, it is possible that the prime
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words did not result in automatic activation; hence, the primes did not spread activation to

related concepts through the associative links.

Second, contrary to the majority of the literature that has used the evaluative priming task
to investigate the self, | used self-related stimuli as targets rather than primes (Bach et al., 2009;
Koole & Coenen, 2007; Tao & Zhang, 2012). The discrepancy of the valence results between
prior work and this experiment might be due to using self-words as targets rather than primes in
the current experiment. This point might also explain why | did not find the expected interaction
effect of self-importance and condition. In line with Fazio et al. (1986), the self-primes in
previous experiments might be strong enough to result in automatic activation and
consequently a self-positivity priming effect between the self and targets. In other words, had |
used self-words as primes, | could have activated the self-node, and thus measured the

associative links between the self-node and related concepts.

Future experiments could implicate self-words as primes to further examine if the
associative links in memory represent self-importance. If the primes in the current experiment
were not activated due to insufficient strength in self-importance and valence, this could have
hindered the ability to measure associative links in self-concept memory. | planned this
experiment as a follow up to Chapter 2 (Levorsen et al., 2023). In the self-reference task
employed in that research, participants judged stimuli in relation to themselves (and a control
condition). | found that the stimuli’s self-importance is represented in the mPFC. Similarly to
how stimuli are judged in relation to the self in the self-reference task, a self-prime that
activates the self-node in an associative memory structure might show a priming facilitation
effect of self when target stimuli are high on self-importance. Spreading of activation in an
associative network model of self might be unidirectional. That is, self-primes might
automatically activate and spread activation to concepts that are highly self-important to the
self-concept, but, when these concepts are used as primes, they do not spread activation to
self-targets. As in Chapter 2, | intended to gauge the effect of different levels of self-importance.

Given that participants make a binary decision in the evaluative priming task, the flipped design
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(with self-important words as targets rather than primes) would not have allowed for self-
importance to be a continuous variable. However, tweaks in the experimental design with self-
primes can still address if the associate links in self-concept memory represent self-

importance.

Throughout the years, the evaluative priming task and more broadly, implicit measures,
have faced challenges regarding the measure’s psychometric properties (Fazio and Olson,
2003; Goodall et al., 2011). Specifically, as noted by Fazio and Olson (2003), the test-retest
reliability of the evaluative priming task has varied from “abysmally low” (Bosson et al., 2000) to
“moderate levels” (Kawakami & Dovidio, 2001). (p.311). Relatedly, others have criticised the
evaluative priming task for the measure’s low internal consistency (Banse, 1999, 2001; Bosson
et al., 2000). Recently Zayas et al. (2022) compared the reliability of the priming effectin an
evaluative priming task with self-related stimuli and showed that although the reliability of the
priming effect was low when investigating individual differences, the measure showed high
reliability when investigating group-level effects. In other words, given that the current
experiment investigated group-level effects, it is likely that the null findings of the current
experiment are due to other factor than low reliability, such as the limitations (i.e., the use of

weak primes and reversed order of primes and targets) discussed above.

Overall, the observed null results could be due to limitation of the experimental paradigm or
assumptions of the theoretical framework. The experimental paradigm used in the current
experiment is an adapted evaluative priming task that varies from the original task paradigm (Fazio et
al.,1986) in several ways. As mentioned, in the current experiment the order of primes and targets
are reversed, also the stimuli are less extreme than in the original study (Fazio et al.,1986).
Additionally, the task in the current experiment used continuous, rather than dichotomous
independent variables, and each stimulus consisted of a few words rather than just one. Although it
is possible that our hypothesis - that associative links in a memory structure of the self represent self-

importance - is untrue, given the several deviations, the null findings are likely due to changes in the
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paradigm. Future research with different task designs might further test the psychological

meaning of the associative links in a memory structure of the self.

The results suggesting that the self is represented in terms of self-descriptiveness are
consistent with previous work. Segal et al. (1988) tested if the self is organised in a cognitive
memory structure by using an adapted Stroop task paradigm. Participants first viewed 60
positive and negative traits (e.g., trustworthy, selfish). Next, they identified and rated traits that
were extremely self-descriptive or highly non-self-descriptive. The traits were later used as
primes and targets in the Stroop task where all primes were highly self-descriptive and target
words were either neutral or highly self-descriptive. Before they colour-named a target word,
participants viewed a prime word. Segal et al. found longer reaction times when primes and
targets were both self-descriptive compared to when only the target was self-descriptive. This
task was based on the assumption that, when primes and targets are more closely interrelated
in a memory structure, activation of the prime automatically activates the meaning of the target,
causing interference and thus longer latencies for naming the colour of the target. The authors
concluded that self-descriptive concepts are interconnected to a greater extent than non-self-
descriptive ones. Although these results do not provide information about direct links from the
self node to self-related concept nodes or about the degree of self-descriptiveness (just self-
descriptive versus non-self-descriptive items), they suggest that self-related concept nodes are
more highly interconnected than non-self-descriptive concept nodes. These findings are
consistent with the idea of a self-descriptiveness memory structure. The current results extend
their findings, indicating that associations between concepts and the self-node are represented

in terms of self-descriptiveness.

In conclusion, prior work suggested that the self is represented as an associative network
in memory, comprising links that connect the self-node with self-related concepts. However,
the psychological meaning of the links remained unclear. Contrary to my hypothesis, | did not
find evidence to suggest that associative links in memory represent self-importance. The

preregistered model did not yield further answers either. However, testing an exploratory model
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with standardised values indicated that associate links represent self-descriptiveness. Future
research that uses self-words as primes might further clarify the meaning of the associative

links in the structure of the self.
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Chapter4 Decomposing Cognitive Processes in the

mPFC During Self-Thinking?

4.1 Abstract

Past cognitive neuroscience research has demonstrated that thinking about both the self and
other activate the medial prefrontal cortex (mPFC), a central hub of the default mode network.
The mPFC is also implicated in other cognitive processes, such as introspection and
autobiographical memory, rendering elusive its exact role during thinking about the self.
Specifically, it is unclear whether the same cognitive process explains the common mPFC
involvement or distinct processes are responsible for the mPFC activation overlap. In this
preregistered functional magnetic resonance imaging (fMRI) experiment with 35 human male
and female participants, | investigated whether and to what extent mPFC activation patterns
during self-reference judgment could be explained by activation patterns during the tasks of
other-reference judgment, introspection, and autobiographical memory. Multi-voxel pattern
analysis (MVPA) showed that only in the mPFC, neural responses were both concurrently
different and similar across tasks. Furthermore, multiple regression and variance partitioning
analyses showed that each task - other-reference, introspection, and memory - uniquely and
jointly explained significant variances in mPFC activation during self-reference. These findings
suggest that the self-reference task involves multiple cognitive processes shared with other
tasks, and the mPFC is the unique place where necessary information is gathered and

integrated for judgments based on internally constructed representations.

2 Levorsen, M., Aoki, R., Sedikides, C., & Izuma, K. (2025). Decomposing cognitive processes in the mPFC during self-
thinking. Journal of Neuroscience, 45(22). https://doi.org/10.1523/JNEUROSCI.2378-24.2025
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4.2 Introduction

Thinking about the self and expressing who one is to others are fundamental aspects of
human experience. The self has fascinated researchers for more than a century (Cooley, 1902;
James, 1890). Reflecting this enduring interest, the intricate neural architecture of the self has
been a persistent focus of inquiry (Frewen et al., 2020; Wagner et al., 2019). Using neuroimaging
methods such as fMRI, experiments have established that the midline structures, the mPFC and
posterior cingulate cortex (PCC), are active during the self-reference task in which individuals
judge if a presented personality trait or attitudinal statement describes them (Denny et al., 2012;

Murray et al., 2012).

Although the robust link between the mPFC and self-reference processing raised the
possibility that the primary function of the mPFC is involvement in self-relevant information
(Kelley et al., 2002; Northoff, 2016), the mPFC is also involved in thinking about other people
(Denny et al., 2012; Murray et al., 2012). Based on these observations, some researchers
(Gillihan & Farah, 2005; Legrand & Ruby, 2009) criticized the self-specific view of the mPFC,
arguing that some general cognitive processes are common to self- and other-reference
processing. For example, inferential processing and memory recall seems to be common to
both (Legrand & Ruby, 2009). In other words, the mPFC activation during the self-reference task
might not be related to the self specifically, but rather itis a result of general cognitive
processes which take place during the self-reference task, as well as during other tasks. Indeed,
the mPFC and PCC are also known to be activated by autobiographical memory (Kim, 2012;
Martinelli et al., 2013) and by decision-making based on internal or subjective criteria (e.g.,

moral decision-making; Nakao et al., 2012).

From a broader perspective, the mPFC and PCC are considered the core hubs of the
default mode network — a network of brain regions that show heightened activation at rest
(Andrews-Hanna et al., 2010). These regions are activated by a variety of tasks that depend on

internally constructed representations, including not only self- and other-reference processing,
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as well as autobiographical memory, but also introspection (thinking about one’s own
emotional states), episodic future thinking, creativity, affective decision-making, and spatial
navigation (Buckner & DiNicola, 2019; Menon, 2023). For the past two decades, researchers
have attempted to identify a key common cognitive process that explains mPFC’s involvement
in these distinct tasks. However, these attempts are often based on univariate activation
overlap (or meta-analyses), and univariate activation overlap does not constitute strong
evidence for acommon cognitive process across tasks (Levorsen et al., 2023; Woo et al., 2014).
Thus, experimental evidence on the extent to which different tasks share a common cognitive

process(es) is lacking.

Recently, fMRI experiments using MVPA and representational similarity analysis (RSA)
approach have compared patterns of activation for self-reference processing to a few other
tasks. For example, Chavez et al. (2017) demonstrated that self-reference processing evoked
similar activation patterns in ventral mPFC as positive affect (see also Yankouskaya et al.,
2017). When comparing self-reference to other-reference, experiments have demonstrated
distinct patterns of activation in mPFC (Courtney & Meyer, 2020; Feng et al., 2018; Koski et al.,
2020; Parelman et al., 2022). Although these results begin to clarify scholarly understanding of
affective and cognitive processes during self-thinking, the degree to which other internally
focused processes (namely, introspection and memory) explain self-reference, remains

unknown.

In the present experiment, using RSA and MVPA, | aim to test similarities and differences
in neural responses between the self-reference task and three other tasks that also rely on
internal representation and are known to robustly activate the mPFC. These are the other-
reference, autobiographical memory (Addis et al., 2007; Summerfield et al., 2009) and
introspection tasks (Goldberg et al., 2006; Gusnard et al., 2001). Furthermore, using variance
partitioning analysis, | aim to quantify how much of explainable variance in mPFC activation
patterns during self-thinking can be explained by activation patterns during the other three

tasks.
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4.3 Materials and Methods

4.3.1 Preregistration

| preregistered the sample size, hypotheses, participant exclusion criteria, and data
analysis plan at the Open Science Framework (https://osf.io/mn9fz). Unless otherwise noted, |

analysed the data in accord with the preregistration.

4.3.2 Participants

The experiment was approved by the ethics committee of Kochi University of Technology,
Japan. Before the online autobiographical memory session, participants ticked a box to indicate

their consent. | obtained written consent prior to the fMRI experiment.

The final sample comprised 35 students (8 women, 27 men), ranging in age from 18
to 22 years (M =19.47, SD =1.08). The sample size was based on similar previous experiments
(Chavez et al., 2017; Wen et al., 2020; Yankouskaya et al., 2017). | remunerated them with 2,500
Japanese yen. Participants were right-handed, had no history of psychiatric disorders, and had
normal or corrected-to-normal vision. | excluded data from one additional participant due to

excessive head movement (preregistered exclusion criteria of >3 mm).

4.3.3 Experimental Procedure

The experiment consisted of two parts: (1) online autobiographical memory survey, (2)
fMRI experiment. The two sessions took place on separate days, 6.97 days apart on average (SD

=2.54).

4.3.3.1 Online Autobiographical Memory Session

| adapted the autobiographical memory task from (Wen et al., 2020). Prior to the fMRI
scan, | instructed participants to write down 15 autobiographical memories, corresponding to
one of 15 events each. These memories should pertain to an event bound to a specific time and

context that occurred more than one year ago, but after the age of 10 years. The memories ought
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to be clear so that participants be in a position to remember the relevant people, objects, and

location in detail.

4.3.3.2 Stimuli Preparation

| selected for each participant 10 of the 15 listed event memories. | used the selected
memories as stimuli in the autobiographical memory task during the fMRI experiment. | based
memory selection on the amount of detail and humber of characters included in each
description. | matched the number of characters with stimuli in the general knowledge task (see
below). For each memory, | removed critical words and replaced them with blank underscores

prior to the fMRI experiment.

4.3.3.3 The fMRI Experiment

The fMRI experiment consisted of the following three tasks (Figure 4.1): (1) self/other trait
judgement task; (2) introspection task; (3) autobiographical memory task. The self/other trait
judgment task had three conditions (Figure 4.1a-c), whereas the introspection (Figure 4.1d &
4.1e) and autobiographical memory (Figure 4.1f & 4.1g) tasks had two conditions each. Thus,
there was a total of seven conditions. Participants completed five fMRI runs, with each run
lasting approximately 6.5 minutes. Each run included two blocks of seven conditions for a total
of 14 blocks. | pseudorandomized the block order within each run, so that the same task block
was not presented twice in a row. At the beginning of each block, participants viewed a cue for 1

second indicating that the task that was about to commence. All text stimuli were in Japanese. |

programmed all tasks in Psychtoolbox (http://psychtoolbox.org/) with MATLAB software (version

2018a; http://www.mathworks.co.uk).
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Figure 4.1 Examples of a Trial/Block for Each of the Seven Conditions Across the Three

Tasks

Self condition Other condition Semantic condition

Self/other trait judgment task

d e f g
- 75
Introspection condition Categorization condition Memory condition Knowledge condition
Introspection task Autobiographical memory task

Note. The self/other trait judgment task consisted of (a) self-reference condition, (b) other-reference
condition, and (c) semantic condition. The introspection task consisted of (d) introspection task and (e)
categorisation task. The autobiographical memory task consisted of (f) memory condition and (g) general

knowledge condition.

4.3.3.3.1 Self/Other Trait Judgement Task

The stimuli comprised 40 trait adjectives from a pool of normalized trait adjectives

(Anderson, 1968), which | translated into Japanese. The stimuli consisted of an equal humber of

»” < ”

positive (e.g., “honest,” “trustworthy”) and negative (e.g., “mean,” “greedy”) traits. For each
trial, | presented a trait in the middle of the screen. In the self-reference block (Figure 4.1a), we
asked participants to judge whether each trait describes them. In the other-reference block
(Figure 4.1b), before fMRI scanning, | asked participants to write down the name of one of their
close friends on a piece of paper. During scanning, | instructed them to judge whether each trait
describes this specific friend. In the semantic judgment block (Figure 4.1c), | instructed them to
judge whether each trait is positive or negative. The same 40 adjectives were used across the
three tasks. | presented each trial for 2 sec, followed by a 1 second fixation cross, and |

presented four traits in each block (12 sec per block). | randomly determined for each

participant the order of traits in each of the self-reference, other-reference, and semantic
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conditions, but each block always included two positive and two negative words. | presented a

fixation cross for 12 sec before the next block.

4.3.3.3.2 Introspection Task

| adapted the introspection task from (Gusnard et al., 2001). It consisted of two
conditions: introspection and categorisation. | downloaded 40 picture stimuli (i.e., images of
objects, animals, or sceneries) from the Open Affective Standardised Image Set (Kurdi et al.,
2017). Half of the stimuli were negative and half positive. For each trial in the introspection
block (Figure 4.1d), | presented participants with an image and asked them how the image made
them feel. They could respond “positive” or “negative.” In the categorisation block (Figure 4.1¢e),
| asked participants to judge whether each picture depicted a scene that was “indoors” or
“outdoors.” The same 40 images were used across the two tasks. For each participant, the
order of images was randomly determined in each of the introspection and categorisation tasks,
but each block always included two positive and two negative images. | presented each image
for 2 sec and displayed a fixation cross for 1 sec before the next image appeared (each block
lasted 12 sec). After an introspection/categorisation block, | displayed a fixation cross for 12 sec

before the next block.

4.3.3.3.3 Autobiographical Memory Task

The autobiographical memory task (Wen et al., 2020) comprised two conditions: memory
and knowledge. For each trial in the memory condition (Figure 4.1f), participants encountered
one of the memories they had previously listed in the online autobiographical memory session.
Each memory consisted of, on average, 67.6 Japanese characters (SD = 7.25), which | matched
with the length of the stimuli used in the knowledge condition. Within each memory, | replaced
three critical words with blank underscores. | asked participants to recall the memory and fillin
the blanks for the missing words, but do so in their mind rather than by pressing a button (i.e., |

recorded no responses during this task).
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In the knowledge condition (Figure 4.1g), | presented participants with text related to
general knowledge (M = 67.8 characters, SD = 8.11 characters), such as a description of a
common topic (e.g., Mt. Fuji, football, seatbelt), in which | replaced certain words with blank

underscores. | instructed participants to think of appropriate words to fill in the blanks.

In both conditions, | presented each text stimulus for 14 sec and followed it by a fixation
cross (4-6 sec). Next, | asked: “Were you recollecting a specific event?” (1 = notatall, 5 =
extremely vividly). Participants had up to 6 sec to respond. | presented a fixation cross for 10 sec

before the next block.

4.3.4 Behavioural Data Analysis

| conducted a one-way Analysis of Variance to compare reaction time (RT) and response
rates across the self-reference, other-reference, and semantic judgment tasks. Given that the
RT data were not normally distributed, | log-transformed them beforehand. | followed up

significant effects with a Bonferroni-corrected tests. All reported p values were two-sided.

4.3.5 fMRI Data Acquisition

| acquired images using a 3.0 T Prisma Siemens MRI scanner with a 64-channel phased-
array head coil. For functionalimaging, | used T2*-weighted gradient-echo echo-planar imaging
(EPI) sequences. | acquired 42 contiguous transaxial slices (covering almost the entire
cerebrum) with a thickness of 3 mm, in an interleaved order. | acquired the images with the

following parameters: Time repetition (TR) = 2500 ms, echo time (TE) = 25 ms, flip angle (FA) =

90°, field of view (FOV) = 192 mmz, matrix = 64 x 64. Additionally, | acquired a T1-weighted

structural image (with Tmm isotropic resolution) from each participant.

4.3.6 fMRI Data Preprocessing

| carried out preprocessing and statistical analysis in SPM 12 (Welcome Department of
Imaging Neuroscience), implemented in MATLAB (Math Works). To allow for T1 equilibration, |

discarded the first four volumes before preprocessing and data analyses. | used SPM 12’s
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preproc_fmri.m script to perform preprocessing of the fMRI data. | spatially realigned all
functional images within each run to the mean using 7th-degree B-spline interpolation. |
normalized the volumes to MNI space using a transformation matrix that | obtained from the EPI
normalization of the first participant to the EPl template. | resampled the volumes to a voxel size
of 3 x 3 x 3 mm?, that s, | retained the original voxel size. | used the 7th-degree B-spline
interpolation option for normalization. | applied spatial smoothing (of 8 mm FWHM) to the data
for the whole brain univariate analysis. To maintain fine-grained activation patterns, | did not
apply smoothing to the data for representational similarity analysis nor for multivariate pattern

analysis.

4.3.7 Univariate fMRI Analysis

4.3.7.1 General Linear Model (GLM)

| first ran a conventional GLM analysis, modelling separately each of the seven task blocks
(i.e., conditions) with duration of 12 sec, except for the autobiographical memory and general
knowledge tasks which had a duration of 14 sec. The memory and knowledge tasks had a rating
phase which | modelled separately as a nuisance regressor (duration = participant’s response
time). | also included six head motion parameters as nuisance regressors. To examine mPFC
activation, | created the following six contrast images for each participant: (1) self > semantic;
(2) other > semantic; (3) self > other; (4) introspection > categorisation; (5) memory > knowledge;
(6) rest > semantic + knowledge + categorisation. | used the last contrast to identify regions that
showed increased activations during passive rest compared to externally focused tasks
(Gusnard et al., 2001; Shulman et al., 1997; Wen et al., 2020). Furthermore, | created the seven
additional contrast images (each of the seven tasks relative to the implicit baseline [i.e., rest]).
The spmT images from these contrasts were used in the subsequent MVPA and RSA analyses

(details below).
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4.3.7.2 Group Analysis

| conducted a second-level whole brain group analysis for each of the contrasts. | set the
statistical threshold at p < 0.001 voxel-wise (uncorrected) and cluster p < 0.05 (FWE corrected

for multiple comparisons).

4.3.8 Representational Similarity Analysis

| conducted the RSA to test the similarity in activation patterns between the self and each
of the other-reference, introspection, and memory conditions. For each participant, neural data
were extracted from the spmT image of each contrast, and | computed neural representational
similarity matrix (RSM; Figure 4.2a) based on Pearson correlation across activation patternsin
each pair of conditions across the five runs. There are three model RSMs (Figure 4.2b-d), each of
which addresses the similarity between the self and (1) other, (2) introspection, (3) memory.
Given that | are interested in the similarity between the self and other, independently of
similarities across the remaining conditions, | excluded from analyses the irrelevant conditions.
For example, when testing the self = introspection model (Figure 4.2c), | excluded the other-
reference, memory, and knowledge conditions so that pattern similarities involving those
irrelevant conditions would not affect the results. | evaluated the fit between the neural RSM
and model RSM via Kendall’s tau-a for each participant (Nili et al., 2014). Activations of any two
conditions within the same run are likely to be positively correlated largely due to shared
physiological noises (Alink et al., 2015); as such, | excluded correlations between any pairs of
conditions within the same run to the model RSM. | also excluded correlations between neural
responses of the same conditions (Ritchie et al., 2017). | ran these RSAs using a searchlight

approach (explained below).

125



Chapter 4

126



Chapter 4

Figure 4.2 Schematic Illustrations of Representational Similarity Analysis (RSA)
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Note. (a) For each participant, | created a neural representational similarity matrix (RSM) by computing
Pearson correlations between activation patterns during two tasks across five runs. (b) Self = Other model
RSM. (c) Self = Introspection model RSM. (d) self = memory model RSM. In each neural/model RSM, |
excluded cells in black from the analysis. In panels b-d, cells in cyan represent 1 (similar), whereas cells
in white represent 0 (dissimilar). | evaluated fit between the neural versus each model RSMs through

Kendall’s tau-a (Nili et al., 2014).

4.3.9 Classifier-based MVPA

The above RSA tests whether activation patterns are similar between two conditions. |
proceeded to conduct classifier-based MVPA to examine whether activations patternsin the
two conditions were distinct. | implemented a linear support vector machine (SVM), carried out
via MATLAB in combination with LIBSVM (http://www.csie.ntu.edu.tw/~cjlin/libsvm/) (Levorsen

etal., 2021; Wake & lzuma, 2017), with a cost parameter of ¢ = 1 (default).
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| used MVPA to find out if the activation patterns for the following contrasts were distinct:
(1) self > semantic versus other > semantic; (2) self > semantic versus introspection >
categorisation; (3) self > semantic versus memory > knowledge. For each participant, neural
data were extracted from the spmT image of each of these contrasts. To evaluate classification
performance, | employed a leave-one-run-out cross-validation procedure. Thus, I first left out
one run in each cross-validation, and, using the data from the rest of runs, | trained a classifier
that discriminates (e.g., activation patterns between self > semantic versus introspection >
categorisation contrasts). Subsequently, | tested the classifier performance using the data from
the left-out run. | repeated this procedure five times leaving out a different run each time, and |
averaged the five classification accuracy values. Like the RSA, | ran the classifier-based MVPA

using a searchlight approach (below).

4.3.10 Searchlight Analysis

| conducted the RSA and MVPA with a searchlight approach (Kriegeskorte et al., 2006). For
the RSA, | extracted local patterns of neural activity from searchlights with a three-voxel radius,
so that each searchlight consisted of a maximum of 123 voxels (and less on the edges of the
brain). | made a neural RSM from each searchlight and computed Kendall’s tau-a between
neural versus each of the three model RSMs (Figure 4.2), which | saved for a center voxel,

resulting in three correlation maps for each participant.

Similarly, for the classifier-based MVPA, | carried out MVPA within each searchlight, and |
saved a classification accuracy for a center voxel, resulting in a total of three classification
accuracy maps for each participant. Within each searchlight, | removed mean activity by
subtracting the mean value of a searchlight sphere from values of the individual voxel so that

mean activation difference across conditions could not account for MVPA results.

4.3.10.1 Group Analysis

| applied smoothing before the group analysis of the RSA and MVPA outputs (with a

Gaussian kernel of 4-mm FWHM). Following the smoothing, | entered the Kendall’s tau-a maps

128



Chapter 4
and classification accuracy maps into a second-level permutation-based analysis (with 5,000
permutations). | used the Statistical Non-Parametric Mapping toolbox for SPM (Nichols &
Holmes, 2002). Within the preregistered mPFC region of interest (ROI), | set a statistical
threshold (i.e., voxel-level) at p < 0.005, and a cluster-level threshold at p < 0.05 (FWE
corrected). Outside of the mPFC, | set a statistical threshold at p < 0.001, and a cluster-level

threshold at p < 0.05 (FWE corrected).

4.3.11 ROI Analysis

| further investigated the role of the mPFC in thinking about the self by running a ROI

analysis. | used Neurosynth (https://neurosynth.org/; Yarkoni et al., 2011) to define our mPFC
ROl independently of our data. | downloaded an association map (thresholded at g < .01, False
Discovery Rate corrected), which | generated from a term-based meta-analysis with the label
“self-referential” (downloaded on October 10th, 2023). The mPFC ROl included 308 voxels. | ran

the following multivariate pattern regression analyses within the ROI.

4.3.12 Multivariate Pattern Regression

The above RSA and classifier-based MVPA address neural pattern similarity and
difference separately for each pair of tasks. | conducted a multivariate pattern regression
analysis to compare pattern similarity across multiple tasks within the same framework. I ran a
multiple regression analysis where activation patterns of the self > semantic contrast were a
dependent variable, whereas those of (2) the other > semantic, (2) introspection >

categorisation, and (3) memory > knowledge contrasts were independent variables (Figure 4.3).

As stated above, given that activation patterns of any two conditions within the same run
are likely to be positively correlated likely due to shared physiological noise, | ran the regression
analysis 20 times (all possible pairs of five runs excluding pairs from the same run) so that
independent and dependent variables were always from two different runs. | averaged all

outputs (beta values and adjusted R?) across the 20 regression analyses within each participant.
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Figure 4.3 Multivariate Pattern Regression
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Self > Other=  Introspection > Memory >
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Note. Activation patterns of the self > semantic contrast were a dependent variable, whereas activation
patterns of the other three contrast were independent variables. Independent and dependent variables

were always from different runs.

4.3.12.1 Noise Ceiling Model

To provide an estimate of how much systematic variation in activation patterns of the
self > semantic contrast could be explained in the data given measurement noise, | included a
noise-ceiling model. This model simply included the data from the self > semantic contrast as
both a dependent and independent variable (although they were from different runs) in the
multivariate pattern regression. Thus, the only difference between the noise ceiling model and
original full model (illustrated in Figure 4.3) was the inclusion of activation patterns of the self >

semantic contrast as another independent variable in the noise ceiling model.

4.3.12.2 Variance Partitioning Analysis

Following the multivariate pattern regression analysis, | carried out variance partitioning
analysis to infer the amount of unique and shared variance between three different predictors. |
conducted seven multiple regression analyses: one with all three independent variables as
predictors (illustrated in Figure 4.3), three with different pairs of two independent variables as

predictors, and three with individual independent variables as predictors. Comparing the
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explained variance (R?) of a model used alone with the explained variance when used with other
models would allow us to infer the amount of unique and shared variance between different

predictors.

4.3.12.3 Permutation Test

To assess the significance of the findings from the multivariate pattern regression
analyses and variance partitioning analysis, | ran permutation tests where voxels were randomly
shuffled. The self > semantic contrast and other > semantic contrast have the semantic
condition as a common control condition, and this common control condition is likely to bias a
beta value associated with the other > semantic activation patterns to a positive direction. Thus,
our permutation test randomly shuffled beta activation map of the self-reference condition (i.e.,
self > implicit rest contrast). | computed a randomly-shuffled-self > semantic contrast image
(and a corresponding t-statistics map) so that the effect of the similarity in neural responses
between the semantic task versus each of the remaining five tasks remained intactin each
permutation. | repeated this step 1,000 times to estimate null distributions. Furthermore,
shuffling voxels may overly destroy spatial autocorrelation in the original data, which might bias
results of the permutation test. Thus, | smoothed shuffled data via a Gaussian kernel with the
standard deviation of 0.86 before conducting a multiple regression analysis (see Burt et al.,
2020, for a similar approach). | selected a standard deviation of 0.86, because it produced the
smallest sum of square error between the smoothness (quantified as Moran’s | based on an
inverse Euclidean distance matrix; Moran, 1950) of the original data versus that of shuffled-and-
then-smoothed data (repeated 1,000 times; | tried all standard deviation values ranging from O

to 2.0 with an increment of 0.2).

4.3.13 Deviations from Preregistration

| deviated from the preregistration as follows. First, | preregistered and conducted MVPA
testing pattern generalizability (i.e., cross-task classification) which, like the RSA, aims to

examine the similarity in activation patterns between two conditions. However, | do not report
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relevant results, because they were similar to the results of the RSA reported below; also, this
analysis is inappropriate when testing the similarity between the self- versus other-reference
conditions due to their common control condition. Second, | did not preregister the following:
behavioural data analyses, reaction time (RT)-controlled MVPA, multivariate pattern regression,

and variance partitioning analyses.

4.4 Results

4.41 Behavioural Results

During the self/other trait judgment conditions, participants pressed one of the two keys
in almost all trials in the self (99.6%), other (99.9%), and semantic (99.9%) conditions. There
was a significant difference in RT across the three conditions (F265 = 18.31, p <0.001). Pairwise
t-tests revealed that RTs were significantly different from each other across conditions. RTs in
the self-reference condition (M =1.21 sec, SD = 0.18 sec) were significantly longer than those in
the other-reference condition (M =1.14 sec, SD = 0.25 secC; Pcorrected = 0.004) and in the semantic
condition (M =1.08 sec, SD =0.19 sec; Pcorrected < 0.001). RTs in the other condition were

significantly longer than those in the semantic condition (pcorrectes = 0.026).

I next examined if RTs in the other-reference condition were influenced by response
similarity between the self and other, as reported in a previous experiment (Thornton and
Mitchell, 2018). | ran a multiple regression analysis with RT in the other-reference condition as a
dependent variable, and response similarity as an independent variable (1 = same responses to
the same trait, -1 = different responses). | also entered as independent variables participant
response (1 =yes, -1 =no), trait valence (1 = positive, -1 = negative), number of characters of
each word stimulus, and the interaction between participant response and trait valence. |
obtained a significant effect of response similarity (tz4 = 3.79, p = 0.003). RTs were shorter when
the self- and other-reference judgments for the same trait were identical (i.e., both yes or both
no). Although this result suggests egocentric anchoring and adjustment in other-reference

judgment, | observed a similar effect in the self-reference condition (see below). Number of
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characters was significantly related to RTs, meaning the more characters a word had, the slower
the participant responded (t;z4 = 3.80, p = 0.003). | also obtained a significant Participant
Response x Trait Valence interaction (tz4) = 4.42, p = 0.005). Participants were slower to respond
yes than no when judging if a negative trait described their friend, whereas they did not differ in

their responses to positive traits. No other significant effect emerged.

| conducted the same regression analysis for the self-reference condition to test if RTs in
the self-reference condition were influenced by response similarity between the self and other. |
found only a significant effect of number of characters (tz4 = 2.97, p =0.027). The effect for
response similarity was trending (tzs = 2.51, p = 0.086). When | compared beta values for the
self- versus other-reference conditions, | observed no significant difference (tz4 = 1.03,
uncorrected p =0.31), suggesting that the significant effect of the response similarity obtained
in the other-reference condition might be at least partially explained by unknown stimulus

features.

Consistent with prior research (Moran et al., 2006), participants were more likely to
endorse a positive trait as self-descriptive and a negative trait as not self-descriptive (tzs)= 4.28,
p <0.001). However, | observed this positivity bias in the other-reference condition as well (tz4) =
8.46, p <0.001); indeed, this bias was stronger for the other-reference than the self-reference
condition, indicating that participants were more other-enhancing than self-enhancing (tzs =
3.48, p =0.001). These results are largely consistent with some findings suggesting that self-
enhancement is weaker for East Asian compared to Western individuals (Heine & Hamamura,

2007; but see Cai et al., 2016).

During the introspection task, participants pressed one of the two keys in almost all trials
in the introspection (99.9%) and categorisation (99.7%) conditions. RTs during the introspection
condition (M =1.08 sec, SD =0.21) were significantly slower than those during the
categorisation (M =1.14 sec, SD = 0.17) condition (tz4=3.79, p < 0.001), likely because some

pictures were ambiguous as to whether they were taken indoors or outdoors.
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During the autobiographical memory task, participants successfully gave their vividness
rating within the time limit of 6 sec for almost all trials in the memory (99.0%) and knowledge
(98.7%) conditions. Vividness ratings were significantly higher in the memory (M=4.37, SD =
0.40) compared to the knowledge (M = 2.45, SD =0.79) condition (tz4=17.73, p < 0.001),

testifying to the effectiveness of our memory manipulation.

4.4.2 fMRI Results

4.4.2.1 Univariate Analysis Results

Replicating findings from several experiments (Denny et al., 2012; Murray et al., 2012), the
self > semantic contrast significantly activated the midline structure including mPFC and PCC
(Figure 4.4a). The other > semantic contrast activated similar regions (Figure 4.4b). Left
temporoparietal junction (TPJ) was also commonly activated by the self and other conditions.
Although there were some regions that were uniquely activated by either the self > semantic or
other > semantic contrast when the self and other conditions were directly compared, the self >
other contrast did not lead to any significant activation. The opposite contrast (other > self)

revealed only one significant cluster in PCC (303 voxels; x =6,y = -64, z = 29).

134



Chapter 4

Figure 4.4 Results of the Univariate Analyses
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Note. Sagittal slices (x = -6) showing results of the Univariate Analyses (a) Areas significantly activated by
the self > semantic contrast. (b) Areas significantly activated by the other > semantic contrast. (c) Areas
significantly activated by the introspection > categorisation contrast. (d) Areas significantly activated by
the memory > knowledge contrast. (e) Areas commonly activated by the all four contrasts (1,565 voxels).
Only mPFC showed significant 4-way overlap. For display purposes, | set statistical threshold at p <0.005
and cluster-p <0.05 (FWE corrected). (f) Parameter estimates of the four contrasts within the mPFC areas
commonly activated by the four contrasts (panel e). (g) Areas significantly activated by the rest > semantic

+ categorisation + knowledge contrast.

As per prior experiments (Goldberg et al., 2006; Gusnard et al., 2001), the introspection >
categorisation contrast significantly activated the mPFC (Figure 4.4c). Other activated areas
included anterior cingulate cortex, temporal pole, lateral temporal cortex, and lateral occipital

cortex.

The memory versus knowledge contrast significantly activated regions previously
implicated in autographical memory including the mPFC, PCC/precuneus, posterior inferior
parietal lobule (plIPL), and lateral temporal cortex (LTC; Kim, 2012; Martinelli et al., 2013) (Figure

4.4d).

Taken together, the above four contrasts all significantly activated the common region
within the mPFC (1,565 voxels; Figure 4.4e). Bilateral temporal poles were also commonly

activated by all four contrasts (left x =-36,y= 17, z=-22, 109 voxels; right x =30,y =14, z = -22,
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185 voxels). No other region was commonly activated. Yet, although the introspection >
categorisation contrast activated the PCC (92 voxels), it did not pass our preregistered cluster-
level threshold. When | directly compared the four contrasts to each other within the commonly

activated mPFC areas, no significant difference emerged (F(2.35,50.35) = 0.08, p = 0.94; Figure 4.4f).

Consistent with previous findings (Gusnard et al., 2001; Shulman et al., 1997; Wen et al.,
2020), the rest > semantic + categorisation + knowledge contrast revealed that areas in the
default mode network, including mPFC, PCC, IPL, TPJ/AG, and LTC, were active during rest

compared to the externally focused tasks (Figure 4.4g).

4.4.2.2 Results of RSA: Are Activation Patterns Evoked by Two Tasks Similar?

The RSA (Figure 4.2) aims to test whether the self-reference judgment evoked similar
activation patterns with each of the other-reference judgment, introspection, and

autobiographical memory.

The Self = Other model (Figure 4.2b) was significantly associated with a network of brain
regions involved in self-reference and social cognition including mPFC, PCC/precuneus,
bilateral inferior frontal gyrus (IFG), bilateral superior temporal sulcus, and bilateral temporal
pole (Figure 4.5a). However, the other two models were associated only with mPFC and left IFG.
In particular, the Self = Introspection model (Figure 4.2c) was significantly associated with
mPFC (x=0, y=53, z= 35, 1,930 voxels; see Figure 4.5b) and left IFG (extending to temporal
pole; x =-51,y =20, z=2, 379 voxels). Further, the Self = Memory model was significantly
associated with mPFC (x=-12,y =44, z=5, 103 voxels; Figure 4.5c) and left IFG (x = -45,y =26, z

=-7, 368 voxels).
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Figure 4.5 Results from the RSA, MVPA and Overlaps Across Analyses

Self = Memory model
Representational Similarity Analysis (RSA)
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during the four main tasks during the rest and the 6-way
and the 6-way overlap overlap

Note. (a-c) Sagittal slices (x =-6) showing results from the RSA. Significant areas indicate that activation
patterns of the two contrasts were similar. (d-f) Sagittal slices (x = -6) showing results from the MVPA
testing pattern discriminability. Significant areas indicate that activation patterns of the two contrasts
were distinguishable. For display purposes, | set statistical threshold at p < 0.005 and cluster-p < 0.05
(FWE corrected). (g) A sagittal slice (x = -6) showing the mPFC area that showed 6-way overlap (overlap
across areas shown in panel a-f). (h) A sagittal slice (x = -6) showing overlap between univariate and MVPA
results. Magenta represents areas activated commonly by the four univariate contrasts (Figure 4.4e), and
white represents 6-way overlapped region depicted in panel g. (i) A sagittal slice (x = -6) showing overlap
(white areas) between areas activated by the rest > semantic + categorisation + knowledge contrast

(magenta; Figure 4.4g) and the 6-way overlapped region depicted in panel g (cyan).

137



Chapter 4

4.4.2.3 Results of MVPA Testing Pattern Discriminability: Are Activation Patterns

Evoked by Two Tasks Distinguishable?

The classifier-based MVPA tested pattern discriminability with a searchlight approach. It
addressed whether activation patterns evoked by different tasks were distinguishable or linked
to different cognitive processes. Indeed, activation patterns evoked during the self-reference
task (relative to the semantic task) were distinguishable from the other-reference taskin the
mPFC, PCC, and right superior temporal sulcus (extending to the temporal pole; Figure 4.5d).
These areas largely overlapped with the areas activated by the self- and other-reference
condition relative to the semantic condition (Figure 4.4a and 4.4b), indicating that those areas
were commonly activated both by the self and other conditions compared to the semantic
condition, but their activation patterns were systematically different. Given that the self and
other conditions had the semantic condition as common control, the difference between the

self and other conditions is likely to be underestimated in this analysis.

In contrast, activation patterns elicited by the self-reference condition were
distinguishable from each of the introspection and memory conditions in a number of regions
across the whole brain including the mPFC, PCC, intraparietal lobule, middle temporal gyrus,

and TPJ (Figures 4.5e and 4.5f).

These results, together with the RSA results reported above, indicate that mPFC activation
patterns during the self-reference judgement were similar to those elicited during each of the
other-reference judgement, introspection, and autobiographical memory (Figure 4.5a-c).
Nonetheless, they were still distinguishable from activation patterns of each of the three tasks
(Figure 4.5d-f). In fact, there was one cluster within the mPFC (Figure 4.5g; a total of 96 voxels)
showing significant association/classification accuracy in all six analyses (Figure 4.5a-f), and
the mPFC cluster is the only region that showed the 6-way overlap with the cluster size larger
than 20 voxels. This 6-way overlap was located in the anterior part of the mPFC (Brodmann Area

[BA] 10) and pregenual anterior cingulate cortex (pgACC; BA 32). Furthermore, this cluster
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entirely overlapped with the areas commonly activated by the four contrasts in the univariate
analyses (Figure 4.5¢). It also showed a substantial overlap (53 out of 96 voxels [55.2%]) with the
areas significantly active during the rest (Figure 4.5g), indicating that most of the 6-way overlap

area (Figure 4.5e) is located in the mPFC within the default mode network.

4.4.2.4 Results of ROl Analysis

| conducted additional ROl analyses to refine the findings and run control analyses. |
defined the mPFC ROl independently of our own data using Neurosynth (see Methods). This ROI
analysis focused on areas within the mPFC most strongly associated with self-reference

processing (Figure 4.6a).

4.4.2.41 Does the Difference in Activation Patterns Between the Self- and Other-

Reference Conditions Simply Reflect the Difference in RTs Between Them?

According to our behavioural results, RTs were significantly longer for the self-reference
condition compared to the other-reference condition. Thus, the difference in activation patterns
between the two conditions might be explained by the difference in RTs (e.g., task difficulty). To
rule out this possibility, | ran additional GLM where | categorised self- and other-reference task
blocks into short and long RT blocks based on average RTs in each block. | modelled the other
five tasks in the same way as the original GLM. Then, | ran an MVPA analysis testing whether it

can distinguish activation patterns of the mPFC ROI during the short versus long RT blocks.

Within the mPFC ROI, the average accuracy for classifying the short and long RT blocks
was 51.71%, which did not differ significantly from the theoretical chance level of 50%
(Wilcoxon signed rank test, p = 0.31). Also, it was significantly lower than the accuracy for
classifying actual self- versus other-reference blocks (average = 63.14%; paired-sample
Wilcoxon signed rank test, p = 0.002). | additionally ran the same MVPA (short versus long RT
blocks) across the whole brain with a searchlight approach, but did not find any significant area.
Taken together, the difference in RTs between the self and other conditions is unlikely to explain

the difference in activation patterns between the two conditions.
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4.4.2.4.2 Which Task Best Explains Activation Patterns of the Self-Reference Condition?

The results of the RSA reported above (Figure 4.5a-c) indicate that mPFC activation
patterns during the self-reference condition were similar to those of the other-reference,
introspection, and memory conditions. However, these analyses addressed neural pattern
similarity separately for each pair of tasks. To compare pattern similarity across three tasks
within the same framework, | carried out a multivariate pattern regression analysis where
activation patterns of the self > semantic contrast were a dependent variable, whereas those of
the other > semantic, introspection > categorisation, and memory > knowledge contrasts were
independent variables (Figure 4.3). Activation patterns of each of the three contrasts were
significantly associated with mPFC ROl activation patterns of the self > semantic contrast
(Figure 4.6b; all pperm < 0.001), suggesting that the similarity in mPFC neural responses between
the self-reference task and each of the other three tasks remain significant even after

controlling for the effect of neural responses during the other two tasks.

Figure 4.6 Results of the Multivariate Pattern Regressions
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Note. (a) A sagittal slice (x = -6) showing the mPFC areas used in the ROl analysis. | defined the mPFC ROI
with the term “self-referential” based on Neurosynth term-based meta-analysis. (b) Beta values from the
multivariate pattern regression with activation patterns of the self > semantic contrast as a dependent
variable. Coloured horizontal lines indicate mean beta values, and lower/upper box limits represent 95%
confidence intervals (Cls). (c) Adjusted R? from the original regression model (Figure 4.3) and the noise

ceiling model. Pink circles indicate mean R?, and black/grey circles indicate R? of individual subjects. (d)
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Variance in mPFC ROl activation patterns of the self-reference condition that was explained by activation
patterns of the other, introspection, and memory conditions. In panels b and d, bell shaped grey areas

indicate permutation distribution.

Adjusted R?were significantly lower than the that of the noise ceiling model (ppe:m < 0.001;
Figure 4.6c). Hence, there was still unexplained variance even after considering noise in the
fMRI data, suggesting that there were patterns of activations specific to the self-reference
judgment (not shared by the other three tasks). Activation patterns of the other > semantic,
introspection > categorisation, and memory > knowledge contrasts collectively explained, on
average, 79.44 % of explainable variances in the mPFC activation patterns of the self > semantic

contrast.

4.4.2.4.3 Variance Partitioning Analysis (VPA):

| conducted a variance partitioning analysis to quantify how much variance in the mPFC
ROl responses of the self > semantic contrast is explained uniquely by activation patterns of
each of the other > semantic, introspection > categorisation, and memory > knowledge
contrasts, while considered together with the other two conditions. | present the results in
Figure 4.6d. Each of the seven portions significantly explained the variance in neural responses
of the self > semantic contrast (all pperm < 0.001). The results suggest that the mPFC activation
patterns reflect multiple cognitive processes. For example, a significant amount of variances
explained by all three contrasts indicate that there were specific patterns of mPFC neural
responses that were shared across self-reference, other-reference, introspection, and memory
tasks, which likely reflects a cognitive process common for the four tasks. Similarly, a
significant amount of variances explained by the other-reference and introspection conditions
indicate that there were specific patterns of mPFC neural responses that were shared across
self-reference, other-reference, and introspection tasks which likely reflects a cognitive process

common for the three tasks, but not the memory task (see below for more discussion).
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| ran the same multivariate pattern regression and variance partitioning analyses in other
regions related to self-reference (based on the same Neurosynth meta-analysis map with the
term “self-referential”) and to the default mode network (based on Andrews-Hanna et al., 2010).
The anterior and dorsal parts of the mPFC (amPFC and dmPFC) of the default mode network
were the only regions that evinced the same pattern of the results as the mPFC reported above:
(1) significantly positive beta values for all three independent variables (multivariate pattern
regression); (2) significantly positive variance explained for all seven portions (variance
partitioning analysis; Figure 4.7), indicating a unique and complex role played by the mPFC

during thinking about the self.

Figure 4.7 Results of the Multivariate Pattern Regressions and Variance Partitioning

Analyses

MNI
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Note. | defined the self-related brain regions as “self-referential” based on the Neurosynth meta-analysis
map. Regions within the default mode network were based on Andrews-Hanna et al. (2010). For the self-
related ROIs, | used all voxels within each cluster. For the ROIs from the default mode network, | used a 9-
mm sphere surrounding the center coordinate (maximum of 123 voxels). *** p < 0.001, ** p <0.01,and *p
<0.05 (uncorrected). All p values rely on permutation test (1,000 times). n.s. non-significant. dmPFC,
dorsomedial prefrontal cortex. PCC, posterior cingulate cortex. TPJ, temporoparietal junction. TempP,
temporal pole. vmPFC, ventromedial prefrontal cortex. amPFC, anterior-medial prefrontal cortex. TC,
temporal cortex. PHC, parahippocampal cortex. pIPL, posterior inferior parietal lobule. Rsp, retrosplenial

cortex. TempP, temporal pole.
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4.5 Discussion

| provided a more nuanced and precise picture of the mPFC’s role during thinking about
the self. Replicating prior findings, each of the self-reference, other-reference, introspection,
and autographical memory tasks activated the mPFC compared to their corresponding control
condition (Figure 4.4). Furthermore, | demonstrated that the relationship between activation
patterns during the self-reference task and those of the other three tasks (other-reference,
introspection, and autobiographical memory) was intricate. That is, mPFC neural responses
during the self-reference task were not simply similar to one task and different from the other
two tasks. Instead, the mPFC neural responses during the self-reference task were both similar
and distinct at the same time from each of the other-reference, introspection, and
autobiographical memory tasks (Figure 4.5). The mPFC was the only region across the whole

brain that showed these patterns of results.

Furthermore, the multivariate pattern regression together with the variance partitioning
analyses revealed complex relationships of activation patterns of each of the three other tasks
to mPFC neural responses, during the self-reference task (Figure 4.6). According to the variance
partitioning analyses, not only each of the other-reference, introspection, and memory tasks
uniquely explained significant amounts of variances in mPFC neural responses during the self-
reference task, but also each pair of these tasks and all three tasks jointly explained significant
amounts of variances of the mPFC neural responses during the self-reference task (Figure 4.6d).
Hence, it suggests that there are cognitive processes common to thinking about the self and: (1)
each of the three tasks; (2) each pair of the three tasks; (3) all three tasks (thus a total of seven
cognitive processes; Table 4.1). In addition, adjusted R? of the full model (Figure 4.3) were
significantly lower than the that of the noise ceiling model (Figure 4.6c), suggesting that there
are mPFC neural responses (i.e., a cognitive process) specific to the self-reference task.
Overall, our results indicate that there are at least eight cognitive processes (i.e., seven
cognitive processes listed in Table 4.1 plus a self-specific process) at play simultaneously when

performing the self-reference task, some of which are common across tasks. Our experiment
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does not specify what these cognitive processes are (see Table 4.1 for ideas on possible
candidate process), leaving this issue open for future research. Nonetheless, as to the self-
specific cognitive process, in our prior experiment, | reported that the self-specific activation
patterns depend on the importance of the stimuli for self-concept (Levorsen et al., 2023), and so
access to this self-concept information stored in the mPFC may be responsible for the self-

specific mPFC activation patterns | observed here.

Table 4.1 Seven Cognitive Processes Shared Across Self-Reference and Other Tasks, and

Their Possible Candidates

Cognitive process shared
across self-reference and other
tasks Possible candidates

e Evaluating consistency with internal
goal (i.e., feeling good about oneself

1 Cognitive process common to self- by enhancing self and one's friend)
and other-reference tasks e Evaluating personal/social
relevance

o e Paying attention to one's internal
5 Cognitive process common to self-

) ) state (i.e., introspection)
reference and introspection tasks

o ¢ Retrieval of personal memories
3 Cognitive process common to self-

reference and memory tasks

. e Inferential processing
Cognitive process common to self-

4 | reference, other-reference, and
introspection tasks

Cognitive process common to self- ?
5 | reference, other-reference, and

memory tasks

Cognitive process common to self- ?

6 | reference, introspection, and memory

tasks
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e Judgment based on internally
Cognitive process common to self- constructed representations
7 | reference, other-reference, e Emotionregulation

introspection, and memory tasks

Note. The variance partitioning analysis showed that variances explained by each of the seven portions
were all significantly positive (Figure 4.6d), suggesting that there are at least seven different cognitive
processes at play simultaneously in the mPFC (plus self-specific process; see Discussion). Note that
possible candidates listed here are purely speculative, and | have no intention to claim that these

processes are responsible for the result.

This view of the mPFC’s role in the self-reference task invites re-interpretation of prior
findings. For example, a few experiments showed that mPFC activation patterns are different
depending on the target person during the self/other-reference tasks (e.g., self versus close-
other versus distant other) and dimensions of person knowledge (e.g., traits, physical attributes,
social roles; Courtney & Meyer, 2020; Feng et al., 2018; Koski et al., 2020). The present
experiment suggests that what drives these different mPFC neural responses might be
differences in how much each task relies on different information (thus, cognitive processes).
For instance, thinking about close others and acquaintances might rely more on one’s
autobiographical memory, whereas thinking about unfamiliar others (e.g., celebrities) might rely
more on semantic memory (Courtney & Meyer, 2020). The mPFC activation patterns are also
likely to vary depending on whether a context is general or specific (I am friendly in general
versus at the university; Martial et al., 2018) and differences in various dimensions of distance
similarity (e.g., temporal, spatial, social, hypothetical) (Tamir & Mitchell, 2011) as these

judgements likely rely on distinct sources of information.

Moreover, our variance partitioning analysis showed that, among regions related to self-

reference and regions in the default mode network, the mPFC is the only region that showed
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significantly positive variance explained for all seven portions (Figure 4.6d). This result suggests
that the mPFC, one of the core hubs of the default mode network (Andrews-Hanna, 2012;
Andrews-Hanna et al., 2010), might be a place where necessary information is gathered and
integrated for judgments based on internally constructed representations. As a metaphor, to
make a soup, one needs to gather ingredients from different parts of the kitchen and mix them in
a pot, with different soups often having some common ingredients (e.g., Italian minestrone and
Japanese miso soup commonly use some vegetables, and all soups use water). Similarly, to
perform a task that requires a decision based on internally constructed representations
(Andrews-Hanna et al., 2014; Buckner & DiNicola, 2019; Menon, 2023; Nakao et al., 2012; Wen
et al., 2020), necessary information is gathered from different parts of the brain and integrated in
the mPFC. Just like Italian minestrone and Japanese miso soup, different tasks often rely on
common coghnitive processes (e.g., autobiographical memory and introspection), and there may
be a common cognitive process(es) for all such tasks, like water for all soups. This view offers
an insight into why diverse social and cognitive tasks activate the mPFC. The mPFC has been
consistently implicated not only in the four tasks (self-reference, other-reference, introspection,
and autobiographical memory) used in the present experiment, but also in other tasks such as
theory of mind, episodic future thinking, and spatial navigation (Andrews-Hanna et al., 2014;
Buckner & DiNicola, 2019; Menon, 2023; Wen et al., 2020). It is likely that to perform these tasks
one needs to gather information from different part of the brain so as to construct internal

representations.

This idea for the role of the mPFC role is largely consistent with roles of the default mode
network proposed previously. For example, Yeshurun et al. (2021) considered the default mode
network as an active and dynamic sense-making network that integrates incoming extrinsic
information with prior intrinsic information to form rich, context-dependent models of situations
as they unfold over time. More recently, Menon (2023) argued that the default mode network
integrates multiple cognitive functions to create a coherent internal narrative of our

experiences. Within these large frameworks on the default mode network function (see also
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Koban et al., 2021), the present experiment provides evidence that, among regions in the default
mode network, the mPFC is a place where all information converges and is integrated to form
coherent internal representation for making a task-relevant judgement. Put otherwise, multiple

cognitive processes are performed in the mPFC during a single task (i.e., self-reference task).

Our results highlight an important conceptual challenge for social/cognitive
neuroscientists; each of many tasks used in the field involves multiple cognitive processes (or
operations), and each of these processes needs to be identified to fully understand the function
of the mPFC (and any other brain regions). For example, our findings indicate that the difference
between the self-reference and semantic tasks is not only the level of self-referential
processing, but also that there are several other additional cognitive processes involved in the
self-reference task, some of which are shared with other-reference, introspection, and memory
tasks (see Table 4.1). Thus, instead of a traditional brain mapping approach (showing which
regions are activated by the self-reference > semantic contrast), what is required is brain
mapping at a much finer scale; in which more basic cognitive process is linked to specific
activation patterns within an area. Although the utility of a multivariate approach over a
univariate approach has been well recognised (and its methodology has been well developed)
(Haxby, 2012; Haynes & Rees, 2006), identifying each of various basic cognitive processes
involved in a social/cognitive task remains a challenge (Schaafsma et al., 2015). The
multivariate pattern regression approach (with the variance partitioning analysis) where both
dependent and independent variables are neural responses (Figure 4.3) may be a good
approach as it helps us at least to statistically decompose complex social/cognitive tasks and

identify whether there are unique or common processes across different tasks.

In conclusion, the current findings enhance understanding of the mPFC and its
involvement in self-referential thinking by demonstrating its unique role in integrating diverse
cognitive processes. The mPFC is not merely activated by self-reference, but also shows
complex activation patterns that are both similar and distinct from other cognitive tasks such as

other-reference, introspection, and autobiographical memory. Taken together with the role of
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the mPFC within the default mode network reported previously, the findings indicate that the
mPFC serves as a hub where information from various brain regions is gathered and integrated,

facilitating tasks that involve constructing internal representations.
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Chapter5 General Discussion

5.1 Aims

The primary objective of the thesis was to enhance understanding of how the self is
represented in the brain. In this chapter, | will summarise the main findings and discuss the
contribution of the thesis to the literature. Next, | will consider the strengths and limitations of
this thesis along with future directions for neuroimaging research about the self. Finally, | add a

note on reproducibility, before concluding.

5.2 Summary of Key Findings

In Chapter 2, | presented two fMRI experiments that addressed how the selfis
represented in the brain. In Experiment 1, participants carried out a self-reference task and a
word-class judgement task. By using RSA, | examined how self-importance and self-
descriptiveness are represented in the mPFC, while controlling for potential confounding
factors. | found that self-importance, but not self-descriptiveness, is represented in the mPFC.
To test if this finding is self-specific, | conducted Experiment 2 where participants also carried
out an other-reference task, where “other” was a close other. | found that the importance of a
stimulus for our own identity, but not that of a close other, is represented in the mPFC. Overall,
the findings of Chapter 2 suggest that the self-conceptis represented in the mPFC in terms of

self-importance.

In Chapter 3, | reported a behavioural reaction time experiment, addressing how the self-
conceptis represented in an associative memory structure. Based on the Chapter 2 findings, |
tested whether the associative links in an associative memory structure of the self are
represented in terms of self-importance. | used an evaluative priming paradigm. | hypothesised
that self-importance, but not self-descriptiveness, would show a priming facilitation effect for

self-related stimuli compared to other-related stimuli. The results did not support the
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hypothesis. Exploratory analyses revealed a facilitation effect of self-descriptiveness on
reaction time, suggesting that links in a memory structure are represented in terms of self-

descriptiveness.

In Chapter 4, | reported an fMRI experiment that examined the extent to which patterns of
activation in the mPFC during the self-reference task can be explained by patterns of activation
during other social or cognitive tasks such as other-reference, introspection, and
autobiographical memory. | discovered that there were both patterns of activation that are
shared for self-reference and each of the three other tasks, but also patterns of activation that
are specific to the self. These results suggest that, during self-reference, mPFC is recruited for
processes shared with other tasks. The results are also consistent with the idea that mPFC
works as a hub in the DMN. In the next section, | outline how the findings contribute to the

literature on the neural representation of the self.

5.3 Contribution of the PhD Thesis

5.3.1 Is the Self Special in the Brain?

As detailed in Chapter 1, a major question in neuroimaging research about the self has
been whether the self is special in the brain (Kelley et al., 2002; Macrae et al., 2004; Ochsner et
al., 2005). The question was posed by early psychological research on the self (Rogers et al.,
1977) and was re-posed by fMRI researchers. These researchers (e.g., Kelley et al., 2002;
Macrae et al., 2004) argued that, because activation during the self-reference task is greater
than activation during control conditions in the mPFC, a region separate from those regions
previously known to process semantic information, self-reference processing is distinguishable
from other processes in the brain . However, the idea that the self is specifically processed in
the mPFC was first questioned by experiments that did not replicate the findings in the close-
other (Schmitz et al., 2004) or similar-other (Krienen et al., 2010) conditions. Furthermore, in a
literature review, Legrand and Ruby (2009) argued that mPFC activation during the self-

reference task is not related to the self specifically, but is merely a result of general cognitive
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processes taking place during the self-reference task, as well as during several other tasks (e.g.,

reward, autobiographical memory).

The findings of Chapters 2 and 4 are pertinent to the issue of self-specificity in the mPFC.
In Chapter 2, | asked what information about the self that is represented in the mPFC and
whether this representation is self-specific. To find out, | compared self-reference judgements
to judgements of a close friend. The results enriched the literature by demonstrating that the
mPFC represents the importance of a stimulus to the self-concept and that this representation
is self-specific. In Chapter 4, | compared the self-reference task to an other-reference,
autobiographical memory, and introspection task. While there were some patterns of activation
shared for self-reference and each of the other tasks in the mPFC, there were also patterns of
activation in the mPFC that were specific to the self-reference task. Since we observed both
self-specific activation patterns in the mPFC and activation patterns shared across tasks, our
findings overall support both sides of the abovementioned debate. (Kelley et al., 2002; Macrae

et al., 2004; Ochsner et al., 2005; Legrand & Ruby, 2009).

Specifically, our findings show self-specific activation patterns in the mPFC, consistent
with early claims that the self is specialin the brain (Rogers et al., 1977) and processed in the
mPFC (Kelley et al., 2002; Macrae et al., 2004; Ochsner et al., 2005). At the same time, because
we also observed activation patterns in the mPFC shared across tasks, our results align with
arguments that mPFC activation during the self-reference task reflects general cognitive
processes (Legrand & Ruby, 2009). Thus, rather than supporting one side of the debate, our

results suggest a more complex mPFC function that integrates both perspectives.

In all, the thesis makes three contributions. First, Chapters 2 and 4 suggest that self-
related information is specifically processed in the mPFC (compared to an other-reference task
in Chapter 2, and an other-reference task, autobiographical memory task, and introspection
task, in Chapter 4). These results are consistent with a neuropsychological lesion study

(Marquine et al., 2016), suggesting a self-specific role of the mPFC; in particular, the mPFC was
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necessary for processing self-reference, but not other-reference of a close other. The results are
also consistent with previous multivariate experiments indicating that the self-reference and
other-reference tasks are represented by distinguishable patterns of activation in the mPFC
(Courtney & Meyer, 2020; Feng et al., 2018; Koski et al., 2020; Parelman et al., 2022). Chapters 2
and 4 extend these findings as we also find that when compared to autobiographical memory

and introspection, there are patterns of activation that are self-specific in the mPFC.

Second, the results deepen the understanding of what information about the self thatis
represented in the self-specific activation in the mPFC. As extensively reviewed in Chapter 1,
given that the mPFC is consistently active during the self-reference task (Wagner et al.,
2012;2019), neuroimaging researchers have long questioned what information about the self
thatis represented in the mPFC during the task. For example, researchers have proposed that
mPFC activation during the self-reference task might be explained for by the self-relevance of
the stimuli presented (Phan et al., 2004). Others have proposed that it is the reward (Enzi et al.,
2009) or value D’Argembeau et al. (2012) of the stimuli that is processed during the self-
reference task. Furthermore, researchers have proposed that autobiographical memory (Araujo
et al., 2014), and introspection (Goldberg et al., 2006) explain the mPFC activation during the
self-reference task. The findings presented in Chapter 2 contribute to the literature by answering
this long-standing question. Our findings demonstrate that it is how important a stimulus is to
one’s identity that is represented in the mPFC during the self-reference task, and that this
representation is self-specific. In other words, in the extensive research reviewed in Chapter 1-
where participants judged the self-descriptiveness of stimuli-our findings suggest that what was

processed in the mPFC in these experiments was the self-importance of the stimuli.

Third, the results align with the idea that there are general cognitive processes taking
place during the self-reference task that are shared across other tasks, which result in mPFC
activation (Legrand & Ruby, 2009). Chapter 4 extends previous research by using MVPA to
compare the self-reference task to other tasks which had previously only been compared with

univariate analysis (i.e., autobiographical memory, introspection). The findings suggest that
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there are shared patterns of activation (cognitive processes) in the mPFC when self-reference is

compared to other-reference, autobiographical memory and introspection.

Overall, our results in Chapters 2 and 4 contribute to the literature with a nuanced
understanding of mPFC activation during the self-reference task. When comparing the self-
reference task to other-reference, autobiographical memory, and introspection, patterns of
activation are both similar and different. As such, mPFC activation during the self-reference
task represents both shared cognitive processes across tasks and patterns of activation that are

self-specific. Furthermore, the self-specific patterns of activation represent self-importance.

5.3.2 What Is the Role of the mPFC in the Default Mode Network?

Previous research suggests that the mPFC is active during various tasks (amongst others;
self-reference, other-reference, autobiographical memory and introspection) (Kelley et al.,
2002; Denny et al., 2012; Martinelli et al., 2013; Goldberg et al., 2006). Research has also
proposed that the mPFC functions like a central hub in the DMN (Andrews-Hanna et al., 2010).
Our findings presented in Chapter 4 demonstrate that mPFC is the only region where patterns of
activation are simultaneously both shared and unique across tasks. Specifically, we found that
there are at least 7 cognitive processes in the mPFC that are shared across self-reference and
other tasks (other-reference, autobiographical memory and introspection). These findings are
consistent with the idea that the mPFC works as a central hub in the DMN (Andrews-Hanna et

al., 2010), extending the understanding of the mPFC’s functions in the DMN.

Taken together, the research in the current thesis contributes to understanding the neural
representation of the self by suggesting that the self is represented in the mPFC both by shared
cognitive processes and self-specific patterns of activation. Where the shared cognitive
processes are involved in the DMN’s function as a central hub. Whereas the self-specific
patterns of activation in the mPFC process the self-importance of stimuli. The following section

will discuss the strengths, limitations, and future directions of this research.
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5.3.3 Cultural Context

Previous research (Zhang et al., 2006; Zhu et al., 2007) has proposed that the neural basis of
self-representation is influenced by culture. For example, Zhu et al. (2007) reported greater mPFC
activation when participants from a Western sample judged adjectives about themselves compared
to a close other (their mother), whereas no such difference was observed in an East Asian sample.
These findings were interpreted as suggesting mPFC activation is self-specific in Western participants,
but reflects both self and mother in East Asian participants. However, as outlined in Chapter 1, the
broader literature of univariate experiments on self—other activation overlap in the mPFC has been
mixed overall (Schmitz et al. (2004); Ochsner et al. (2005); Heatherton et al., 2006; Chen et al., 2013).
Moreover, Zhu et al. (2007) relied on univariate analysis, which is limited in its ability to capture
shared neural mechanisms across tasks (Woo et al., 2014), that is, it cannot determine whether self-
and mother-related representations are based on a common neural mechanism in the East Asian

sample.

In contrast, the experiments included in the present thesis employed multivariate analyses,
which provide greater sensitivity in identifying common representational patterns (Woo et al., 2014).
Across two experiments (Experiment 2 in Chapter 2 and the experiment in Chapter 3), we found
evidence of self-specific activation in the medial prefrontal cortex (mPFC) within an East Asian
sample. Taken together, the use of more powerful analytic methods and the consistent observation
of self-specific activation in East Asian participants suggest that our findings are unlikely to be

affected for by cultural differences.

5.4 Strengths, Limitations, and Future Directions

An obvious strength of the neuroimaging experiments (Chapters 2 and 4) is the use of
MVPA. Although MVPA has increasingly been employed to investigate the neural representation
of the self (Wagner et al., 2019), itis still worth pointing out the advantages of this approach.

These include asking a wider range of questions, rigorously controlling for potential confounds,
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and providing more sensitive information about underlying patterns of activation (Dimsdale-

Zucker & Ranganath, 2019; Kriegeskorte et al., 2008; Norman et al., 2006).

Another strength of the thesis is its approach to capturing each participants’ self-
concepts. Instead of relying on a standardised set of personality traits, participants provided
their own self-related items, ensuing a broader and more individualised representation. In
Chapters 2 and 3, | incorporated self-provided stimuli into the self-reference tasks and the
evaluative priming task, respectively. This approach facilitated the inclusion of stimuli with a

broad spectrum of ratings concerning self-importance and self-descriptiveness.

Furthermore, in Chapters 2 and 3, | dissociated the effects of the independent variables.
Specifically, | created stimuli sets with the goal of achieving the lowest possible intercorrelation
in participants' ratings. To achieve this, for each participant, | first selected 40 out of the 80
items they had rated on self-importance, self-descriptiveness, autobiographical memory,
valence, and familiarity in Chapter 2, and on self-importance, self-descriptiveness and valence
in Chapter 3. | also added whether the item was self-provided or not (Chapters 2 and 3) and the
number of characters (Chapter 2). For the 40 items, | calculated correlations across the ratings
and recorded the highest correlation coefficient. After repeating this procedure up to
1,000,000,000 times, | selected the 40 items with the lowest correlations. In this way, | managed
to dissociate self-importance from self-descriptiveness as well as from the other potentially

confounding factors.

Similarly, in the autobiographical memory task of Chapter 4, participants viewed, while in
the scanner, previously provided personal memories. Relevant research has typically used a
cued recall task in which participants are presented with a word or image to cue the
engagement of autobiographical memory processing (Hughes et al., 2024). Compared to this,
the task | used in Chapter 4 is more likely to evoke personal memories. In a cued recall task,
participants may struggle to retrieve memories associated with certain stimuli. This difficulty

can lead them to generate information rather than accessing the actual memory, potentially
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resulting in inaccuracies. The phenomenon is related to cue-dependent forgetting, where the
absence of effective retrieval cues hinders memory recall. Incorporating self-generated
memories ensures that stimuli are personally relevant to participants, thereby increasing the
likelihood of authentic memory processing during scanning sessions. By using individualised

stimuli, this thesis improved the assessment of self-concept and autobiographical memory.

In addition, with the exception of the first experiment reported in Chapter 2, all
experiments were preregistered. This practice enhanced the credibility of the research by
differentiating between exploratory and confirmatory analyses. Furthermore, the accompanying
transparency enables subsequent researchers to engage in exact replications (Van’t Veer &

Giner-Sorolla, 2016).

The thesis also has limitations. | tested only healthy student participants within a narrow
age range. Although the self-concept is relatively stable across time (Diehl et al., 2006), it may
change more rapidly at certain life stages like adolescence (Van Buuren et al., 2022) and in
clinical groups (Huang et al., 2017). Follow-up work could address the neural representation of

the self in adolescents, older adults, and clinical samples.

For example, future research could examine the neural representation of self-concept
also inyounger samples. Based on our findings in Chapter 2 which suggest that the self is
specifically represented in the mPFC in terms of self-importance in healthy adults, future
experimental paradigms could investigate if our results also replicate in samples of adolescents
and children. Such experiments could shed light on whether the mPFC specifically represents
the self also during early development, a period when close others exert a stronger influence on

one’s life (Popov et al., 2015).

Further, Chapter 3 did not provide clear answers as to how the self-conceptis
represented in memory. Previous research has used EEG to investigate the timing (event related

potentials) associated with processing self-related information, including valence (Huang et al.,
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2025). Future investigations could use EEG to understand potential differences in the timing of

the neural activation for processing self-importance, self-descriptiveness, and valence.

Itis also worth zeroing in on the functions of the DMN. In his 2023 review, Menon
highlighted that research on various concepts related to the DMN—such as mind-wandering,
social cognition, and self-referential processing—has often been conducted in isolation.
Synthesising this literature, he proposes a model of the DMN where its function is to create an

inner narrative and a sense of self. Future work would do well to test this model.

As mentioned in Chapter 1, Meyer and Lieberman (2018) proposed that activation in the
mPFC at rest primed thinking about the self and others. The authors argued that priming
occurred by default, because people are social, so that at rest the mPFC becomes active which
nudges people to think about themselves and others. DMN activation at rest is related to
consolidation of social information (Meyer et al., 2019), and social (compared to hon-social)
information is prioritised in memory consolidation in the dmPFC (Jimenez & Meyer, 2024). These
findings point to interesting directions, such as testing individual difference in DMN social

memory consolidation and processes related to the self.

lyer et al. (2024) examined individual differences in DMN activation during rest after
viewing negative stimuli. Participants watched videos of terminally ill patients discussing their
illness, then recalled and listed what they remembered. Recall was later coded as positive or
negative. Participants who remembered the positives showed distinct DMN connectivity during
rest, whereas participants who recalled the negatives showed similar DMN connectivity. Hence,
people who see the good in the bad during processing of negative social stimuli engage the DMN
idiosyncratically during rest, but not during encoding.

Due to reliability and validity concerns, fMRI research has mainly focused on group-level
effects rather than individual differences. In individual differences measures of fMRI data,
reliability is reduced by noise such as variability in head motion, physiology and vascular

substances across participants. And a specific validity challenge is ensuring that the regions
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compared across subjects are functionally homologous (Dubois & Adolphs, 2016). Recently
there have been advances in analysis tools to measure individual differences in fMRI data,
which reduce the abovementioned issues. One such toolis inter-subject representational
analysis (IS-RSA) (Chen et al., 2020; Chen & Qu, 2021; Finn et al., 2020), as used in the
abovementioned study by lyer et al. (2024). IS-RSA is conducted by first calculating an
intersubject similarity matrix for each type of measurement, such as neural activity and self-
reported questionnaires. Next, the correlation between the two similarity matrices is calculated
to identify brain regions where participants with similar questionnaire responses also show
similar neural patterns. Psychologists have long recognized that strong theories must explain
not only the average patterns of behaviour in a representative population, but also the variations
that exist across individuals (Underwood, 1975). The development of analysis tools such as IS-
RSA enhances neuroscientists’ ability to capture individual differences in brain-behaviour

relationships (Finn et al., 2020).

IS-RSA can also be used to test hypotheses related to the neural representation of the
self. Previous psychological research found that people self-enhance (i.e., perceive the self in
an inflated manner) and self-protect (i.e., minimize the negativity of the self; Alicke & Sedikides,
2009; Sedikides & Gregg, 2008). They also engage in various strategies to view ambiguous
information in a positive light (Hepper & Sedikides, 2012; Sedikides, 2020). Also, after receiving
negative feedback, they reconstruct the information to feel less negative over time (Skowronski
et al., 2014). Failure to engage in such processes is associated with psychological

maladjustment (Dufner et al., 2019).

Similarly to the paradigm in lyer et al.’s experiment, one could combine IS-RSA with
measures of self-esteem to test the hypothesis that, when processing negative feedback,
individuals with high self-esteem take longer to consolidate negative self-related information.
During subsequent rest, they may show idiosyncratic DMN connectivity, possibly reflecting the
engagement of self-enhancement strategies that reframe negative information in a more

positive light.
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Kanske et al. (2017) reported that greater mind-wandering is positively related to
narcissism, with high (compared to low) narcissists mind-wandering about self-indulgent
success to a greater extent. Future research could test how individual differences in mind-

wandering or narcissism are associated with neural processes at rest.

The idea that we are social by default and think about ourselves and other people readily
atrest (Lieberman & Meyer, 2018; Meyer, 2019; Jimenez & Meyer, 2024) can also create
research question in relation to self-reference memory processes. As outlined in Chapter 1, the
behavioural literature on the self-reference effect in memory is extensive (Symons & Johnson,
1997), and a few neuroimaging experiments also examined it (Macrae et al., 2004; Kim &
Johnson, 2012; Koski et al., 2020). A possible explanation for the self-reference memory effectis
that since we so quickly default to thinking about ourselves and consolidate social information
immediately at rest (Meyer & Lieberman, 2018), perhaps the self-reference effect occurs
because we can so readily integrate new information about the self as we are already

consolidating information about it.

In the 1980s, with the increasing use of computers in experiments, social psychologists started
to borrow methods from cognitive science and psychophysics. For example, they presented
participants with social (versus non-social) stimuli on a computer screen. The advent of fMRI
facilitated the development of social cognitive neuroscience. However, using fMRI to investigate
social interactions has been challenging, as participants are tested in isolation inside a noisy
scanner allowing for minimal movement. Recently, however, social cognitive neuroscience has
shifted focus from examining participants in isolation to paradigms that allows for the measure
of interacting minds (Wheatley, 2024). One approach to studying the neural mechanisms of
social interactions has been fMRI hyperscanning. Here, neural activation is measured from
multiple participants simultaneously (Misaki et al., 2021). This approach investigates neural
activation of a social interactions in real-time. Two-way real interactions and shared

experiences evoke neural processes that cannot be captured by scanning a person in isolation
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(Tsoi, 2022). Experiments using this approach can address such questions as whether mental

representations during a conversation are related to social outcomes (e.g., liking).

Likewise, researchers could employ neuroimaging methods in combination with social
network analysis. Parkinson et al. (2018) used fMRI to scan participants while they were
watching a movie. Participants were part of a shared real-world social network. They also
completed questionnaires to quantify their social network. Parkinson et al. found that
participants who were closer showed more similar neural activation while watching the video,

capturing how neural activation is related to real-world-friendships.

Overall, neuroimaging research has recently used paradigms and methods that allow for
measures of social interactions. Experiments have been increasingly conducted in such
settings as dyads (Zhang et al., 2021) and groups (Guthrie et al., 2022). Further, neuroimaging
research on social cognition has increasingly employed functional Near Infrared-Spectroscopy
(fNIRS), a neuroimaging technique that is portable and wireless, thus easily used outside the
laboratory and in everyday social settings (Pinti et al., 2020). In all, neuroimaging has advanced

to be more ecologically valid and generalisable to settings outside the scanner.

Neuroimaging research on social cognition has become increasingly social under the
understanding that focusing on a single organism is insufficient to fully appreciate the biological
processes in social species (Wheatley et al., 2024). Thus, with the rapid progress in techniques
for examining brain activity during social interactions, future research in social cognitive

neuroscience should continue to examine brains in social contexts.

5.5 A Note on Reproducibility in Neuroimaging Research

In the past fifteen years, there has been an increased focus on reproducibility in science (Baker,
2016), including neuroimaging research (Szucs & loannidis, 2020). Although the sample sizes in
fMRI experiments have gradually increased over the years (by 0.74 participants each year)

(Szucs & loannidis, 2020), they are still relatively low (Poldrack et al., 2017). Low statistical
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power not only decreases the chances of detecting a real effect when it exists, but also
increases the probability that any detected positive result is actually false, while at the same
time inflating the size of observed effects (Yarkoni, 2009). Although power calculations are
important, they appeared in only 4% of fMRI experiments published in 2017 and 2018 (Szucs &

loannidis, 2020).

Another important practice for improving reproducibility in neuroimaging research is
preregistration. This practice enhanced the credibility of the research by differentiating between
exploratory and confirmatory analyses. Furthermore, the accompanying transparency enables
subsequent researchers to engage in exact replications (Van’t Veer & Giner-Sorolla, 2016). In
addition to preregistrations and power calculations, practices that enhance reproducibility,
transparency, and impact include sharing data, code, preprints, and all supplementary analyses

(Gorgolewski & Poldrack, 2016).

Of the three fMRI experiments included in this thesis, one experiment included a power analysis
and two experiments were preregistered. In addition, all three experiments have data available
in repositories and all analyses were either included in the main papers or supplementary files.
Furthermore, preprints were made publicly available, prior to peer-reviewed publications. As
reproducibility is essential for scientific progress (Turner et al., 2018), it is critical that future
neuroimaging research continues to implement practices that enhance transparency (Poldrack

etal., 2017).

5.6 Conclusion

The findings presented suggest that the self is specifically represented in the mPFC in
terms of self-importance. Moreover, it also suggests that general cognitive processes take place
during the self-reference task, which are shared with other tasks such as other-reference,
autobiographical memory and introspection. This latter finding is consistent with the function of
the mPFC as a central hub in the DMN. The thesis deepened understanding of the self in the

brain.
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Appendix A Supplementary Material for Chapter 2
Participants Instructions in the first questionnaire

Supplementary texts

Instruction given at the first online questionnaire: At the beginning of the first online
questionnaire, participants were given the following instruction (translated from the original
texts written in Japanese by DeeplL [https://www.deepl.com/en/translator]).

In this first questionnaire, we will ask you who you are.

Please feel free to answer in the format "I

Please feel free to write about anything that applies to you, such as your physical characteristics
(e.g., lam tall), your personality (e.g., | am social), what you like (food, music, artists, etc.; e.g., |
like xx) or dislike (I dislike xx), groups you belong to (university, department, clubs, etc.; e.g., |
belong to xx clubs), your background (e.g., | graduated from xx High School), values/ideas that
you hold dear (e.g., | am an animal rights activist), and so on.

Please tell us not only about your likes and strengths, but also about your dislikes, weaknesses,
complexes you have, and other negative things.

You may start a sentence with
xx," "my dog's name is xx," etc.).

or "My" (e.g., my favorite word is "xx," "my birthday is on March

However, please do not include any information that completely identifies you (e.g., name, e-
mail address, etc.). If you cannot be completely identified, please be as specific as possible
(e.g., name of high school, clubs you belong to, etc.).

Your answers will be associated with a random ID number and will be stored separately from
your name, e-mail address, and other personally identifiable data. However, you do not have to
give us anything that you do not want others to know. Please only describe things that you are
willing to share.

Some of the words and phrases that you give will be used in a second online questionnaire and
fMRI experiment at a later date. The information you provide here will never be used for any
purpose other than the experiment.

Please give a minimum of 30 phrases (maximum 40).

When you are ready, please fillin and say a sentence starting with "I'" in the answer box below.
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Appendix B Supplementary Material for Chapter 3

Participants Instructions in the first questionnaire

Please enter your participant ID number below

In this first questionnaire, we will ask you who you are.

Please answer in the format "l

Please feel free to write about anything that applies to you, such as your physical characteristics
(e.g., lam tall), your personality (e.g., | am social), what you like (food, music, artists, etc.; e.g., |
like xx) or dislike (I dislike xx), groups you belong to (university, department, clubs, etc.; e.g., |
belong to xx clubs), your background (e.g., | graduated from xx High School), values/ideas that

you hold dear (e.g., | am an animal rights activist), and so on.

Please tell us not only about your likes and strengths, but also about your dislikes, weaknesses,
complexes you have, and other negative things.

You may start a sentence with "I" or "My" (e.g., my favourite word is "xx," "my birthday is on
March xx," "my dog's name is xx," etc.). However, please do not include any information that
completely identifies you (e.g., name, e-mail address, etc.). Although you should notinclude
information that completely identifies you, please try to be as specific as possible (e.g., name of

high school, clubs you belong to, etc.).

Your answers will be associated with your (random) participant ID number and will be stored
separately from your name, e-mail address, and other personally identifiable data. However,
you do not have to give us anything that you do not want others to know. Please only describe

things that you are willing to share.

Some of the words and phrases that you give will be used in a second online questionnaire and
the behavioural experiment at a later date. The information you provide here will not be shared
with anyone outside the research team and will never be used for any purpose other than the

experiment.
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Please provide a minimum of 30 phrases (maximum 40). When you are ready, please click the

button below to start to fill in.

Please provide sentences with information about yourself in the answer boxes below.

Please feel free to write about anything that applies to you, for example:

e physical characteristics (e.g., | am tall)

e your personality (e.g., | am social)

e whatyou like (food, music, artists, etc.; e.g., | like xx)

e whatyou dislike (I dislike xx)

e groupsyou belong to (university, department, clubs, etc.; e.g., | belong to xx clubs)
e your background (e.g., | graduated from xx High School)

e values/ideas that you hold dear (e.g., | am an animal rights activist), and so on

Please write in the format "I ." Please provide at least 30 sentences.

1)

2)
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AppendixC Supplementary Material for Chapter 3
Post-Experimental Questionnaire
1. GENDER: _____
2.AGE:

3. RACE/ETHNICITY: (check as many general categories that apply and specify all of possible
details)

AFRICAN____
ASIAN____
CAUCASIAN____
HISPANIC/LATINO____
INDIAN (India)____
MIDDLE EASTERN_____
SOUTH AMERICAN____

OTHER____

4. PLACE PRIMARILY RAISED: (City & Country)

5. NUMBER OF YEARS YOU HAVE BEEN A STUDENT AT THE UNIVERSITY OF
SOUTHAMPTON:

6. ENTER YOUR NATIVE LANGUAGE:

7. DO YOU CONSIDER YOURSELF TO BE:

HETEROSEXUAL OR STRAIGHT ____

GAYORLESBIAN _____

BISEXUAL____

8. HOW MUCH DID YOU SLEEP LAST NIGHT?: hours
9. HANDEDNESS: RIGHT___ LEFT___

10. What do you think is the purpose of this study? (optional)
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Thankyou
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