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Chapter 1
General Introduction

A central task in life is to establish a realistic and accurate sense of self. Knowing and 
understanding ourselves enables us to make decisions that fit our interests, needs and 
abilities, it motivates us to work towards our goals, and it helps others to get to know, 
understand and support us. Being able to reflect on the self, on our qualities, emotions 
and actions, may feel like a very basic aspect of our lives. However, although many 
animals might have a certain sense of self (Alger & Alger, 2003; Damasio, 1999; Gallup 
et al., 1971; Hauser et al., 1995), the ability to reflect on the self on this deeper level may 
well be one of the things that makes us human. 

Although all humans get to know and learn to reflect on themselves throughout 
life, we are not born with a ready-made concept of self. Rather, it is something that 
develops gradually across childhood and adolescence. This process starts very early in 
life: 3-4.5 month old babies already start to learn that movements they make, can have 
consequences for their environment (Watanabe & Taga, 2011; Zaadnoordijk et al., 2020). 
For example, when they notice that a helium balloon attached to their wrist or ankle 
moves when they move, they will increase their movements. Around the age of 2 years, 
the first signs of self-consciousness start to develop: toddlers this age begin to recognize 
themselves in the mirror (Anderson, 1984). This shows that children very quickly develop 
an idea of ‘me’ or ‘myself’ as an agent, that exists, and whose actions can impact the 
environment and others.
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Children in the first grades of primary school can already use words to describe 
themselves, such as ‘I am good at running’ or ‘I like drawing’. These self-descriptions soon 
become more sophisticated, with older children describing themselves using traits such 
as ‘I am smart’ or ‘I am nice’. This way of reflecting on the self is what is called self-concept. 
Self-concept can be defined as the non-observable, estimated qualities of the self (Bailey, 
2003; Harter, 2012). It comprises what we do and how we appear, based on concrete 
descriptions of our traits (‘I am attractive’ or ‘I am lazy’) rather than objective facts (‘I 
have blue eyes’ or ‘I sleep in until 11 o’clock every morning’). Self-concept encompasses 
self-descriptions in various domains, reflecting for example academic abilities, physical 
appearance, or social skills (i.e. academic, physical, or social self-concept). These self-
descriptions are inherently evaluative in nature. That is, while some traits are generally 
viewed as negative (e.g. ‘being mean’), others are generally thought to be positive (e.g. 
‘being nice’). This means that self-concept can be positive or negative to a smaller or larger 
extent. Still, it is important to distinguish self-concept from other related constructs such 
as self-esteem. Self-esteem is related to self-concept but different in the sense that it is 
less concrete: it can be defined as the overall evaluation or feeling of one’s worth or value 
as a person (Bailey, 2003; Harter, 2012).

Even though self-concept development starts during childhood, it is thought that 
adolescence is an important formative period in further shaping self-concept. Adolescence 
is the transitional phase between childhood and adulthood, in which children develop 
from being fully dependent on parents to being independent members of society (Dahl 
et al., 2018). Adolescence starts at the onset of puberty around age 10, with changes in 
physical appearance, behaviour, and social-affective sensitivities (Blakemore et al., 2010), 
as well as continuing development of brain structure and activation (Huttenlocher & 
Dabholkar, 1997; Mills et al., 2014). The end of adolescence is less well defined and 
culturally sensitive, but in western cultures it is proposed to be around age 24 (Sawyer & 
Azzopardi, 2018). Adolescents face many changes in their social environment, changes 
in what others expect of them, and they have to make important life decisions regarding 
for example career direction or a suitable romantic partner. Consequently, adolescents 
need to think about who they are and what is important to them, making this a phase 
characterized by a strong focus on the self (Crone & Fuligni, 2020).

Models of self-concept development in 
adolescence
Based on early cognitive theories of the self (Cooley, 1902; James, 1890; Mead, 1934), 
and many years of questionnaire- and qualitative research, Harter (2012) proposed a 
model of self-concept development in childhood and adolescence. This model states 
that self-concept development is driven by a combination of social and cognitive changes 
occurring during childhood and adolescence. It delineates self-concept as both a social 
and a cognitive construct, shaped in interaction with others.

Socially, self-concept is shaped through comparing the self with others (social 
comparison) and by opinions and feedback of others about the self (Harter, 2012). The 
relevance of these social influences increases specifically in adolescence, as in this phase 
adolescents become more directed towards the social world around them (Nelson et al., 
2005). Whereas children typically compare their traits and skills to their own traits and 
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skills in the past (i.e. temporal comparisons; “I am much better at reading that last year”), 
adolescents increasingly compare themselves to others (i.e. social comparisons; “I am 
better at reading than my classmates”) (Harter, 2012). Additionally, adolescents spend 
more time with their peers (Sebastian, Burnett, & Blakemore, 2008; Steinberg & Morris, 
2001). They want to fit in with their peer group and be liked, accepted and respected 
(Blakemore & Mills, 2014; Crone & Dahl, 2012; Yeager et al., 2018). Therefore, although 
the opinions of and relationships with parents are still important for adolescents’ self-
concept (Babore et al., 2016; Dekovíc & Meeus, 1997; Gniewosz et al., 2015), they 
increasingly value the opinions of peers about themselves, and they become more 
concerned about social evaluations of others about the self (Blakemore, 2012; Harter, 
2012; Vartanian, 1997; Vartanian & Powlishta, 1996; Westenberg et al., 2004). Together 
these social changes drastically alter the way that adolescents view themselves.

Cognitive advances related to self-concept development according to Harter’s model are 
improvements in mentalizing and perspective taking abilities (Dumontheil et al., 2010), 
and the ability to create different self-evaluations across social contexts or domains. 
The increasing perspective-taking abilities imply that adolescents are not only more 
directed towards the opinions of their peers on a social level, but that the cognitive 
abilities necessary to estimate these opinions improve in this phase as well. Together 
this facilitates the internalization of the perceived opinions of others about the self (i.e. 
reflected self-concept) into the own self-concept (i.e. direct self-concept) (Harter, 2012). 
That is, improving perspective-taking skills possibly increases the ability and tendency 
to think about the opinions that others may have of the self (Pfeifer & Peake, 2012). 
It allows adolescents to realize that there is a broad audience that can observe and 
evaluate them. Due to this ‘imaginary audience’, adolescents may feel like they are 
constantly watched and judged by others, manifesting in heightened self-consciousness 
(Harter, 2012), peaking around the age of 16 (Somerville et al., 2013). This leads to the 
question whether direct (own perspective) and reflected (perceived others’ perspective) 
self-concept become more aligned in mid-adolescence, and whether self-concept of 
mid-adolescents is more vulnerable than in other phases of life. This thesis investigates 
the development of direct and reflected self-concept positivity across adolescence, with 
positivity encompassing the extent to which adolescents endorse positive traits and 
reject negative traits.

Cognitive changes that allow adolescents to evaluate themselves differently across 
domains co-occur with social changes as well. Young people have to be a version of 
themselves in an increasing number of social situations. That is, they have to be a student 
at school, a friend with their peers, an employee at their first job, and at one point they 
may become someone’s girlfriend or boyfriend. Adolescents may notice that they are 
slightly different versions of themselves in these different social contexts, and that they 
may have more positive traits in some situations than in others: they may be struggling in 
school, but be very social in interaction with peers. Research has indeed suggested that 
self-concept becomes more differentiated across situations or domains from childhood 
to early adolescence (Marsh & Ayotte, 2003). However whether this process continues 
throughout adolescence remains unclear. Therefore in this thesis I investigated the 
development of self-concept in academic, physical appearance, and prosocial domains.
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1 Towards comprehensive models of self-concept 
development
As described above, self-concept was traditionally measured using self-reported 
evaluations of one’s traits. This method gave way to Harter’s theory on the construction 
of the self, and it showed important relationships of self-concept with motivation, 
performance, and wellbeing (Huang, 2011; Valentine et al., 2004; Wouters et al., 2011). It 
is therefore important to understand when and how changes in self-concept emerge, and 
which factors facilitate a healthy and positive self-concept development in adolescence.

For this purpose it is valuable to use a multimethod approach, especially since it is difficult 
to directly observe self-concept, and self-report can be sensitive to response bias or 
socially desirable answers. The use of neuroimaging methods, measuring the structure 
and activation of specific regions in the brain, can provide clarifying additional information 
on processes underlying behaviour. In line with the interactive specialization theory, 
there may exist bidirectional relationships between these different levels of social and 
cognitive constructs (Johnson et al., 2009). For example, neuroanatomical changes may 
lead to changes in neural activation, which may lead to cognitive developments, but the 
reverse may also be true. Experience-driven changes in environment and cognition may 
lead to different neural activation for social cognition, which may lead to changes in the 
structure of the brain (Burnett et al., 2011). In understanding self-concept development 
in adolescence it is therefore important to not only map changes in behaviour, but also 
to learn about changes in functional activation of relevant brain regions in response to 
self-related cues (Figure 1).

Figure 1. Schematic overview of a model proposing bidirectional relationships between social, cognitive, and 
neural components involved in self-concept development. Adapted from (Pfeifer & Peake, 2012)
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1Neural processing of self-concept in adults
Neural processes underlying self-concept have been studied by asking participants 
to evaluate to what extent certain traits fit them, while their brain activation is being 
recorded via functional magnetic resonance imaging (fMRI). This is a method through 
which time-dependent changes in blood oxygenation levels can be mapped to 
experimental task events, thereby providing an (indirect) measure of brain activation 
during task performance. Research applying this method has consistently shown that 
evaluating the self is reflected in the activation of several brain regions belonging to the 
social brain network, such as the medial prefrontal cortex (mPFC), anterior cingulate 
cortex (ACC), and temporal parietal junction (TPJ) (Denny et al., 2012; Murray et al., 2012; 
Northoff et al., 2006). These social brain regions are generally implicated in a variety of 
social cognition tasks, involving processes that are required to understand others and 
to interpret others’ mental states (i.e. their beliefs and intentions) (Blakemore, 2008). 
Additional neural activation underlying self-evaluations is found in affective (ventral 
striatum; Jankowski et al., 2014; Somerville et al., 2013), and cognitive/memory (lateral 
prefrontal cortex; Denny et al., 2012) regions. The variety of regions underlying self-
concept highlight its complexity and its involvement of different social and cognitive 
processes, supporting Harter’s view of self-concept as both a social and cognitive 
construct.

The regions associated with the social brain network are among the latest to mature 
in the brain, with synaptic pruning continuing into mid-adolescence (Huttenlocher & 
Dabholkar, 1997), and grey matter reduction continuing into the early twenties (Mills et 
al., 2014). The involvement of social brain regions in self-evaluations in adults, and the 
continuing development of these regions during adolescence reinforce the hypothesis 
that the social brain may be of crucial importance for understanding changes in self-
concept in adolescence. Since the mPFC and TPJ are differentially involved in thinking 
about mental states, with mPFC activation involved in mental states of self and others 
(Blakemore & Mills, 2014; Crone & Dahl, 2012), and TPJ activation specifically involved 
in third-person perspective taking or inferring mental states of others (Schurz et al., 
2014), an important question concerns how these regions contribute to self-concept 
development over the course of adolescent development.

Known for its role in mentalizing, the mPFC is also thought to be the key region underlying 
self-processing (Lieberman et al., 2019). However, the exact role of mPFC activation in 
self-processing is not yet well understood. The valuation hypothesis suggests that mPFC 
activation may not be modulated by self-reflection in itself, but rather by self-relevance, 
personal value, or significance (D’Argembeau, 2013). This hypothesis is based on studies 
showing stronger mPFC activation for evaluations of positive compared to negative 
traits, for evaluations of the present compared to past or future self (D’Argembeau et 
al., 2008), and for evaluations of traits rated as ‘important to possess’ (D’Argembeau et 
al., 2012). In all cases there is a stronger involvement of the mPFC in the condition that 
is most relevant to the self (i.e. evaluation of positive, important traits / traits regarding 
the present self). The valuation hypothesis may co-exist with Harter’s theory suggesting 
that self-concept is not only a social but also a cognitive construct that is built upon 
both own and others’ reflections of the self. That is, the mPFC is shown to be involved 
in direct and reflected trait-evaluations of self and others. More specifically, the ventral 
part of the mPFC is suggested to be related to thinking about self and close others (i.e. 
friends, parents), while a more dorsal part of the mPFC is involved in thinking about 
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distinct others, or taking the perspective of others (Denny et al., 2012; Moran et al., 
2006). This again suggests that (ventral) mPFC activation might reflect self-relevance or 
personal significance. In this thesis, I investigated the role of the mPFC in self-referential 
processing 1) by assessing evaluations of traits of self and mother, and direct and 
reflected self-evaluations, and 2) by assessing evaluations of positive and negative traits.

Neural processing of self-concept in adolescents
The studies in this thesis build on initial smaller scale projects comparing neural activation 
underlying self-concept in groups of adolescents and adults. These studies show that 
the mPFC is involved in direct (“I think I am funny”) and reflected (“My peers think I am 
funny”) self-evaluations in children, adolescents and adults (Denny et al., 2012; Pfeifer 
& Peake, 2012). Activation tends to be stronger in children or adolescents compared to 
adults (Pfeifer et al., 2007, 2009), and a related study investigating self-consciousness 
showed a mid-adolescent peak in underlying mPFC activation (Somerville et al., 2013). 
While mPFC activation is involved in both direct and reflected self-evaluations, in these 
prior studies this was not always the case for TPJ activation. TPJ activation is involved only 
in reflected self-evaluations in adults, but in both reflected and direct self-evaluations in 
adolescents (Pfeifer et al., 2009). In line with this finding, a meta-analysis including studies 
of self-concept in adults showed greater TPJ involvement in other- and reflected self-
evaluations than in direct self-evaluations. Therefore, TPJ activation is often interpreted 
as efforts in taking others’ perspective (Schurz et al., 2014). Together this indicates that 
direct self-concept of adolescents may more strongly rely on the (perceived) opinions of 
others about the self (Pfeifer et al., 2009).

These previous studies suggest a unique pattern of neural activation underlying self-
evaluations in adolescence (Pfeifer & Peake, 2012). However, the developmental 
trajectory of neural activation underlying self-concept across adolescence remains 
unknown. In the first part of this thesis, I investigated self-concept development in 
adolescence from multiple levels (behaviour, neural activation), perspectives (direct, 
reflected), and domains (academic, physical appearance, prosocial), using different 
targets for trait-evaluation (self, mother) at one to three timepoints. Hereby I aimed 
to thoroughly map the complexity of self-concept development in adolescence. 

Self-concept development: differences between 
adolescents
Above, I described the general development of self-concept during adolescence, but 
not everyone develops in exactly the same way: there are many differences between 
individuals. For example, since the self is a social construct that develops in interaction 
with others and the social world, the self-concept of adolescents who experience social 
difficulties such as adolescents with autism spectrum disorder (ASD), may develop 
differently. Autistic adolescents have less interactions with others, both in number 
and in quality (Fuentes et al., 2012; Hobson, 1986; Petrina et al., 2014), and they often 
struggle with social relationships and communication (American Psychiatric Association, 
2013). Individuals with ASD may have trouble identifying with others  (Peter Hobson 
& Meyer, 2005) and with differentiating between self and others (Baron-Cohen et al., 
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1997; Baron-Cohen, 2000; Peter Hobson, 1990; Peter Hobson & Meyer, 2005; Lee & 
Hobson, 2006). Even though children and adolescents with ASD often have trouble with 
third-person perspective taking, they do become aware that they are different from 
their peers (Carrington et al., 2003; Stoddart, 1999), and they can get concerned about 
their reputation (Cage et al., 2016). They want to belong to the peer group and have 
friends (Daniel & Billingsley, 2010), but often feel they do not fit in (Portway & Johnson, 
2003). These social insecurities, together with experiences of social failure (Bellini, 2006), 
might affect their self-concept and self-esteem (Attwood, 2003). Indeed, some studies 
conducted in autistic adolescents have suggested lower self-esteem (McCauley et al., 
2019), and lower self-reported social and athletic competence compared to typically 
developing peers (Bauminger et al., 2004; Vickerstaff et al., 2007; Williamson et al., 2008).

Aside from self-concept positivity, other studies have indicated self-processing 
deviations in adolescents with ASD. For example, they show reduced autobiographical 
memory (Crane & Goddard, 2008; Millward et al., 2000), and less self-conscious emotion 
(Heerey et al., 2003; Kasari et al., 2001). In addition, impaired self-reference effect (i.e. 
better memory for objects belonging to the self than for objects belonging to others) 
is related to autism symptom severity (Gillespie-Smith et al., 2018; Henderson et al., 
2009; Yoshimura & Toichi, 2014). Despite these behavioural studies showing evidence 
of aberrant self-processing in autistic adolescents, neuroimaging studies are scarce and 
inconclusive. For example, while some studies have shown similar self-related mPFC 
activation in adolescents with ASD compared to typically developing (TD) adolescents 
(Burrows et al., 2016; Cygan et al., 2018), others propose a trend towards reduced mPFC 
activation in ASD (Kennedy & Courchesne, 2008). 

Although not much is known about self-concept positivity in autistic adolescents, 
internalizing problems often co-occurring with ASD (Mayes et al., 2011; Simonoff et al., 
2008) have been related to negative self-concept or self-esteem. Specifically, low self-
positivity has been related to depression, anxiety, eating disorders, loneliness, and 
suicidal ideation in adolescence (Bos et al., 2010; Creemers et al., 2012; McCauley et al., 
2019; Van Tuijl et al., 2014). In other neurodevelopmental disorders such as attention 
deficit hyperactivity disorder (ADHD) and obsessive compulsive disorder (OCD) it has 
been suggested that negative self-concept and low self-esteem may lead to these 
comorbid internalizing problems (Kita & Inoue, 2017). It is therefore important to 
better understand self-concept and self-esteem in adolescents with ASD, and possible 
relationships with co-occurring problems.

An alternative line of research known as the ‘alexithymia hypothesis’ suggests that some 
of the social-affective difficulties in adolescents with ASD may be better explained by 
alexithymia (Cook et al., 2013). Alexithymia is a sub-clinical state encompassing difficulties 
in identifying and describing one’s emotions (Sifneos, 1973). It often co-occurs with ASD: 
more than half the individuals with ASD show high levels of alexithymia as well (50-55%; 
Hill et al., 2004; Kinnaird et al., 2019; Milosavljevic et al., 2016). Specifically, alexithymia 
is thought to explain several social-emotional problems that are classically associated 
with ASD such as deficits in empathy or mentalizing, and to internalizing problems often 
co-occurring with ASD such as depression and anxiety (Bloch et al., 2021; Cook et al., 
2013; Lombardo, Barnes, Wheelwright, & Baron-Cohen, 2007; Milosavljevic et al., 2016). 
In addition, in studies investigating mentalizing and emotion processing, alexithymia 
has been related to reduced activation in mPFC and anterior insula (Bird et al., 2010; 
Moriguchi et al., 2006; van der Velde et al., 2013).
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In the second part of this dissertation I extended the study of self-concept development 
from general or typical development, to individual differences and atypical development. 
Specifically, the goal was to study self-concept and self-esteem on a behavioural and 
neural level in adolescents with ASD, and to investigate possible relationships with 
alexithymia and internalizing symptoms. The main questions that I aimed to address 
were 1) how does direct and reflected self-concept and underlying neural activation 
differ between adolescents with and without ASD, and 2) how are self-concept and self-
esteem related to alexithymia and internalizing problems in adolescents with ASD.

Outline of this dissertation
In this thesis I report the results of eight empirical studies in which I investigated the 
behavioural and neural characteristics of self-concept development in both typically 
developing adolescents, and adolescents with ASD (see Figure 2). For all studies 
except for the study described in chapter 7, I report results of the larger Leiden Self-
concept study. This project included several sets of participants, of which I used three 
in my studies: a sample including 31 typically developing young adults aged 20-24 
years (chapter 2), a sample including a total of 189 typically developing adolescents 
aged 10-24 years, measured at three timepoints separated by 13 months (timepoint 1: 
chapters 3-5 & 8, timepoints 1-3: chapter 6), and a sample including 40 adolescent 
males aged 12-16 years previously diagnosed with ASD (chapter 9). The study sample 
described in chapter 7 was an external sample belonging to dr. Bianca Boyer (University 
of Amsterdam), including participants aged 8-16 years with ASD diagnosis.

The first part of this thesis (chapters 2-6) concerned the behavioural and neural markers 
of self-concept development in typically developing adolescents. In chapter 2 I start by 
examining what can be learned from neuroimaging data when studying self-concept. To 
this end, based on a previous study (van der Aar et al., 2018) I developed an fMRI adapted 
experimental paradigm assessing evaluations of positive and negative self- and mother 
traits in three domains. This chapter provides novel insights into the topical discussion on 
the role of mPFC activation in self-referential processing. Previous studies investigating 
behavioural and neural markers of self-concept in adolescents provided snap shots in 
development, including participants in narrow age-ranges. Therefore, in chapters 3 to 
5 I examined different aspects (domains, perspectives and targets) of self-concept at one 
timepoint, using a large sample across the broad age-range of adolescence. In chapter 
3 I investigated changes in behavioural and neural markers of direct self-concept across 
the age-range of adolescence. Specifically, the goal was to study differences between 
self-concept domains (academic, physical appearance, prosocial) and valence (positive, 
negative). In the study described in chapter 4 I examined whether the behavioural 
and neural characteristics of self-concept were different for self-evaluations from one’s 
own perspective (direct self-concept) than for self-evaluations from the perceived 
perspective of peers (reflected self-concept). In chapter 5 I aimed to study the role of 
the mPFC in self-referential processing by assessing trait-evaluations of self and mother. 
I specifically tested whether neural activation for self- and mothers’ trait-evaluations may 
reflect closeness or warmth in the mother-adolescent relationship. For this purpose, I 
used observations of warmth, negativity and emotional support in mother-adolescent 
conversations, and mothers’ and adolescents’ trait-evaluations about each other. Last, 
in chapter 6, I used an accelerated longitudinal design including three timepoints to 
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study direct and reflected self-concept development in the three domains throughout 
adolescence. This study additionally included predictions of important outcome 
measures such as self-concept clarity and fear of negative evaluation. Advantages of 
this method are 1) the possibility to estimate trajectories on a group level with more 
power due to multiple measurements in each participant, 2) the lower chance on bias 
in participant selection since the same individuals participate at multiple timepoints, 3) 
the possibility to establish stability of the measurements of self-concept across time, 
and 4) the opportunity to test whether measurements at an early timepoint can predict 
sensitivity to certain outcomes at a later point in time.

In the second part of this thesis (chapters 7-9) , I aimed to investigate differences in 
the behavioural and neural correlates of direct and reflected self-concept between 
adolescents with and without ASD, and relationships between self-concept and self-
esteem, alexithymia, and internalizing problems. First, chapter 7 describes a study 
in which I compared implicit and explicit self-esteem between autistic and typically 
developing adolescents. An additional goal in this study was to relate implicit and explicit 
self-esteem to internalizing and externalizing symptoms in adolescents with ASD. For this 
purpose, I used self- and parent-report measures as well as an implicit association task. In 
chapter 8 I tested in typically developing adolescents whether alexithymia could explain 
the increasing levels of internalizing symptoms in older adolescents or adolescents with 
more mature pubertal status. Last, in chapter 9 I aimed to investigate whether autism 
traits are related to the behavioural and neural characteristics of direct and reflected 
self-concept and behavioural self-esteem in adolescent males with and without ASD. I 
additionally investigated whether alexithymia could better explain individual differences 
in self-concept and self-esteem than autism symptoms. In chapter 10 I discuss the 
results of the empirical studies, and offer recommendations for future research.
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2Chapter 2
Neural correlates of evaluating self and 
close-other in physical, academic and 

prosocial domains
This chapter is published as: van der Cruijsen, R., Peters, S., & Crone, E. A. (2017). Neural correlates of 

evaluating self and close-other in physical, academic and prosocial domains. Brain and Cognition, 118, 45-53. 
doi:10.1016/j.bandc.2017.07.008

Abstract
Behavioural studies showed that self-concept can be distinguished into different 
domains, but few neuroimaging studies have investigated either domain-specific or 
valence-specific activity. Here, we investigated whether evaluating self- and mother-
traits in three domains (physical, academic, prosocial) relies on similar or distinct brain 
regions. Additionally, we explored the topical discussion in the literature on whether 
vmPFC activity during self-evaluations is induced by valence or importance of traits. 
Participants evaluated themselves and their mothers on positive and negative traits in 
three domains. Across all domains, evaluating traits resulted in right dlPFC, left middle 
temporal cortex, bilateral thalamus, and right insula activity. For physical traits, we found 
specific neural activity in brain regions typically implicated in mentalizing (dmPFC, IPL). 
For academic traits, we found a brain region typically implicated in autobiographical 
memories (PCC), and for prosocial traits, social brain regions (temporal pole, TPJ) were 
activated. Importantly, these patterns were found for both self and mother evaluations. 
Regarding valence, rACC/vmPFC showed stronger activation for positive than for negative 
traits. Interestingly, activation in this region was stronger for highly important traits 
compared to low/neutral important traits. Thus, this study shows that distinct neural 
processes are activated for evaluating positive and negative traits in different domains.
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Introduction
Understanding the way self-concept is built is important, as disturbances in self-image 
have been linked to disorders like depression, eating- and personality disorders (Orth 
et al., 2008; Stein & Corte, 2003; Vater et al., 2015) and low performance at school or at 
work (Choi, 2005; Judge et al., 1998). Self-concept has received much interest in recent 
brain imaging research, with the discovery that brain regions within the medial prefrontal 
cortex (mPFC) are specifically active when thinking about traits of self relative to traits 
of others (for meta-analyses, see Denny et al., 2012; Murray et al., 2012). These meta-
analyses have highlighted that self-related regions are especially active when thinking 
of self relative to distant others, whereas less differentiation is observed when thinking 
about self-traits relative to traits of close others, possibly because close others are 
perceived as more similar to self. Indeed, several studies have reported that especially 
ventral mPFC (vmPFC) activity was increased for evaluations of self and similar others, 
but not for evaluations of dissimilar others (Heleven & Overwalle, 2016; Jenkins et al., 
2008; Mitchell et al., 2006).

Compared to the number of studies that have examined general self-related areas, much 
less is known about the way self- and close-other evaluations are made for different 
domains. There is limited evidence for a difference in neural activity for physical versus 
character domains, such that evaluations about physical self-traits were associated with 
increased activity in lateral prefrontal cortex and posterior cingulate cortex (PCC), whereas 
character evaluations were related to activity in mPFC (Moran et al., 2010). Another 
study showed representations of social traits in the mPFC (Ma et al., 2014), whereas 
representations for competence traits were represented in mPFC and precuneus (Ma 
et al., 2016). A prior study that focused on adolescent development showed stronger 
mPFC activity when evaluating one’s own social traits from the perspective of friends, 
while mPFC activation was stronger for academic traits when making evaluations from 
the perspective of mothers (Pfeifer et al., 2009). However, this study did not directly 
test which neural regions differentiate between these domains for self-evaluations. In 
addition, the studies that distinguished between domains did not differentiate between 
positive and negative traits.

One study that focused on valence differences suggested that vmPFC activity, particularly 
ventral anterior cingulate cortex (vACC), a region in vmPFC, is more active when the self-
traits describe positive characteristics of self compared to when sentences describe 
negative traits (Moran et al., 2006). This is interesting because people tend to define 
positive traits as more important and negative traits as less important to self (Harter 
& Monsour, 1992). Indeed, a portion of the ventral mPFC was previously specifically 
activated in response to the attached importance to self-views (Arnaud D’Argembeau et 
al., 2012). It has been suggested that vmPFC activity may relate to personal significance 
or importance of self-related contents rather than valence (Arnaud D’Argembeau, 2013), 
but the exact function of the vmPFC remains largely unknown. Taken together, to date 
most neuroimaging studies on self- and close-other-evaluations focused on either 
domain-specific neural activity (Jankowski et al., 2014; Moran et al., 2010; Pfeifer et al., 
2009) or on valence-related neural activity in vmPFC (Moran et al., 2006), but it is not yet 
known if these processes are carried out by overlapping or distinct brain regions.

To specify whether neural activities for evaluating traits in different domains and across 
valences are specific to self or are general for rating traits of people significant to the 
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self, it is important to compare self-evaluations relative to evaluations of close others. 
Prior studies used several types of close others, such as friends (Benoit et al., 2010; 
Heatherton et al., 2006; Veroude et al., 2014) or family members (Ray et al., 2010; Zhu 
et al., 2007). These studies show that there are brain regions that are specific for self, 
although others reported much overlap between self and close others (Krienen et 
al., 2010; Vanderwal et al., 2008). One interesting comparison condition is rating self 
versus mothers, as participants have usually known their mothers as long as they know 
themselves, although they can differ in closeness (Ray et al., 2010; Vanderwal et al., 2008; 
Zhu et al., 2007). Prior studies that have examined neural activity in relation to evaluating 
traits of self relative to traits of mothers reported predominantly similar activation 
patterns, but indicated stronger activation in mPFC and superior frontal sulcus in the 
self-versus mother contrast (Ray et al., 2010; Vanderwal et al., 2008; Zhu et al., 2007). 
Whether traits of different domains and valence are evaluated similarly or differently for 
close others has not yet been investigated.

The main goal of this study was to test whether trait evaluations in different domains and 
valences rely on overlapping or dissociable brain regions. Furthermore, we investigated 
whether the domain- and valence-related activation is different for self- compared to 
close-other-evaluations. Likewise, we tested whether similar or distinct brain regions are 
activated for general evaluation of self- and close-other traits. In addition, we explored 
the role of mPFC in valence and importance of traits. For this purpose, participants 
completed two trait evaluation tasks in which they rated themselves and their mothers 
on short trait sentences on a scale from 1 to 4 (Holt et al., 2011; Joseph M Moran et al., 
2010; Ray et al., 2010; Vanderwal et al., 2008; Zhu et al., 2007). The domains were based 
on prior studies showing a difference between physical and character traits (Moran et 
al., 2010) and within character traits between academic and prosocial traits (Pfeifer et 
al., 2009; van Overwalle et al., 2016). All traits were presented in positive and negative 
valence sentences to examine to what extent valence based evaluations are dissociable 
from domain-specific evaluations.

First, we expected that evaluating physical traits would be associated with activity in 
lateral PFC whereas evaluating character (academic and prosocial) traits would result in 
activity in (ventral) mPFC (Ma et al., 2014, 2016; Moran et al., 2010). Prior studies have not 
yet dissociated between academic and prosocial domains, but it would be expected that 
evaluations in the academic domain rely more on autobiographical memory processes 
such as the posterior cingulate cortex (Fink et al., 1996; Summerfield et al., 2009), while 
evaluations in the prosocial domain would be expected to rely more on social brain 
regions including anterior temporal lobe, superior temporal sulcus (STS) and temporal 
parietal junction (TPJ) (Frith, 2007; Ross & Olson, 2010). For the valence comparison we 
expected that vmPFC would be more involved for evaluating traits of positive valence 
over negative valence (Moran et al., 2006). Second, we expected largely overlapping 
activations for evaluating self- and mother-traits across all domains and valences (Ray 
et al., 2010; Vanderwal et al., 2008; Zhu et al., 2007). Third, as an earlier study suggested 
that the stronger vmPFC activity for positive than for negative trait evaluations may 
result from a greater assigned importance to positive than to negative traits (Arnaud 
D’Argembeau, 2013), we explored the potential role of importance in vmPFC activation.

In summary, in this study participants evaluated positive and negative trait sentences 
in the physical, academic and prosocial domain for both self and mother. We aimed 
to examine the differential brain regions involved in making evaluations in different 
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domains and valences regarding self and mother. Moreover, we explored contributions 
of importance in valence-specific activation (D’Argembeau, 2013; Moran et al., 2010) in 
evaluations of self and mother.

Method

Participants
Participants were 31 right-handed adults, one of whom one was excluded due to 
excessive head movements during the fMRI scan (more than 3 mm). The resulting sample 
consisted of 30 healthy adults (15 female) between 20 and 24 years old (mean age = 
22.6 years, SD = 1.2 years). IQ was estimated using four subtests of the WAIS-III (Picture 
Completion, Similarities, Block Design and Arithmetic). Estimated IQ scores fell within 
the normal range: all IQ scores fell between 87.5 and 126.25 (M = 107.17, SD = 8.86). 
All participants signed informed consent before inclusion in the study and the study 
was approved by the University Medical Ethical Committee. Prior to the scan session, 
participants were screened for MRI contra indications and self-reported psychiatric 
diagnoses or psychotropic medication.

Task description
The fMRI task (see Figure 1) consisted of two runs of 60 trials, each lasting approximately 
6 min. In both runs, participants were presented with 60 sentences describing either 
positively or negatively valenced traits. These traits belonged to either the physical 
domain (e.g. ‘I am unattractive), to the academic domain (e.g. ‘I am smart’), or to the 
prosocial domain (‘I help others’). Twenty sentences were shown for each domain; ten 
with a positive valence and ten with a negative valence.

In the first part, the ‘Self’ task, participants had to indicate to what extent the trait 
sentences applied to them. They responded by pressing a button between 1 (‘not 
at all’) and 4 (‘completely’) with their right hand. In the second part, the ‘Mother’ task, 
participants responded to the exact same sentences but this time indicated to what 
extent the traits applied to their mother. Before the MRI session, participants practiced 
3 items per domain for both the Self and Mother experiment. During practice, different 
trait sentences were shown than during the actual experiment.

Each trial began with a 400 ms fixation cross. Subsequently, the stimulus was presented 
for 5000 ms, which consisted of the trait sentence and the response options (1–4). 
Within this timeframe, participants could rate themselves or their mother on the trait 
sentence. To assure participants that their choice had been registered, the number they 
chose turned yellow for the remaining stimulus time. If the participant failed to respond 
within the 5000 ms, they were shown the phrase ‘Too late!’ for 1000 ms. These trials were 
modelled separately and were not included in the analysis. Too late responses occurred 
on 0.2% of the trials in the Self task and on 0.7% of trials in the Mother task. The order 
of conditions was optimized using Optseq (Dale, 1999). Additionally, OptSeq was used to 
jitter intertrial intervals, that varied between 0 and 6.6 s.
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Figure. 1. Example of a trial. Each trial started with a black screen with a jittered duration between 0 
and 6600 ms. Subsequently, a fixation cross was shown for 400 ms after which the stimulus appeared. 
Participants rated on a scale of 1–4 to what extent the traits fit themselves or their mothers. The stimulus 
was shown for 5000 ms. If participants responded within this timeframe, the number of their choice 
would turn yellow. If participants failed to respond within this timeframe, a screen with the phrase ‘Too 
Late!’ was shown for an additional 1000 ms after which the next trial would start. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Importance and valence
After the scanning session, participants were again presented with the same sentences. 
This time, participants were first instructed to rate all items on importance on a scale of 1 
(it’s very important to me not to have this trait) to 5 (it’s very important to me to have this 
trait). Second, all participants indicated with a 0/1 response whether they rated the trait 
as either positive or negative. These ratings showed that in almost all cases, sentences 
were valenced the way we had anticipated. Deviant rating occurred on 2.7% of the trials, 
but no single item was differently rated by all participants.

fMRI data acquisition
MRI scans were acquired on a Philips 3T MRI scanner, using a standard whole-head coil. 
Functional scans were acquired in two runs with T2*-weighted echo-planar imaging (EPI) 
sequence (TR = 2200 m msec, TE = 30 ms, sequential acquisition, 38 slices of 2.75 mm, 
FOV = 220 × 220 × 114.68 mm). The first two volumes were discarded to account for T1 
saturation. After the functional scans, a high-resolution 3D T1-FFE scan for anatomical 
reference was obtained (TR = shortest msec, TE = 4.61 ms, 140 slices, voxel size = 0.875 
mm, FOV = 224 × 177.33 × 168 mm). Sentences were projected on a screen behind the 
scanner and could be seen by the participant via a mirror attached to the head coil. Head 
movement was restricted by placing foam inserts inside the coil.

fMRI preprocessing and statistical analysis
All data were analysed using SPM8 (Wellcome Department of Cognitive Neurology, 
London). The functional scans were corrected for slice-timing acquisition and differences 
in rigid body movement. All structural and functional volumes were spatially normalized 
to T1 templates. The normalization algorithm used a 12-parameter affine transformation 
together with a nonlinear transformation involving cosine basis functions. The algorithm 
resampled the volumes to 3 mm cubic voxels. Templates were based on the MNI305 
stereotaxic space (Cocosco et al., 1997). Functional volumes were spatially smoothed 
with an 6 mm FWHM isotropic Gaussian kernel.
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Condition effects for each participant were estimated using the general linear model in 
SPM8. The fMRI time series were modelled as a series of zero duration events convolved 
with the hemodynamic response function (HRF). Modelled events of interest for the 
Self and Mother experiment separately were “PhysicalPositive”, “PhysicalNegative”, 
“AcademicPositive”, “AcademicNegative”, “ProsocialPositive” and “ProsocialNegative”. 
Trials in which participants failed to respond were modelled as events of no interest. The 
events were used as covariates in a general linear model, along with a basic set of cosine 
functions that high-pass filtered the data. Motion regressors were added to the model. 
The resulting contrast images, computed on a subject-by-subject basis, were submitted 
to group analyses.

At the group level, a 2 (target: Self, Mother) × 3 (domain: Academic, Physical, Prosocial) 
× 2 (valence: Positive, Negative) ANOVA was computed. Domain-, valence-, and target-
related responses were thresholded by using a False Discovery Rate (FDR) cluster level 
correction (p < 0.05) at an initial uncorrected threshold of p < 0.001. In Table 1, Table 2, 
Table 3 we reported all coordinates for these analyses.

In follow-up analyses to examine effects of valence versus importance, we reanalysed 
the fMRI data based on the importance ratings outside of the scanner. This analysis was 
collapsed across domains to ensure enough trials to dissociate valence from importance. 
We included a total of 4 conditions for high and low/neutral importance evaluations 
on positive and negative trait sentences, resulting in the following modelled events: 
“HighImportancePositive”, “HighImportanceNegative”, “Low/NeutralImportancePositive”, 
“Low/NeutralImportanceNegative”. Participant’s ratings of importance were interpreted 
as high when they responded with the numbers 4 or 5 and low/neutral when they 
responded with the numbers 1, 2 or 3. Trials in which participants failed to respond were 
modelled as events of no interest and were excluded from further analyses.

Results

Behavioural results
First, we tested how participants rated themselves and their mothers on all traits. 
Applicability scores for all types of traits to the Self and Mother were analysed in a 2 
(target) × 3 (domain) × 2 (valence) repeated measures ANOVA. We found a target × 
domain × valence interaction effect (F(2, 58) = 9.36, p < 0.001, ηp

2 = 0.24) (Figure 2). 
Post hoc tests for the Self task revealed that, when evaluating positive traits, participants 
rated that academic and prosocial traits applied more to them than physical traits (F(2, 
58) = 12.63, p < 0.001). For negative trait sentences, participants rated themselves higher 
on academic traits than on physical and prosocial traits (F(2, 58) = 4.47, p = 0.016). Post 
hoc tests on the Mother task revealed that, when evaluating their mothers’ positive 
traits, participants were most positive about their mothers prosocial traits, and least 
positive about their mothers physical traits (F(2, 58) = 38.75, p < 0.001). For negative trait 
sentences, participants were most negative about their mothers physical traits, and least 
negative about their mothers prosocial traits (F(2, 58) = 15.24, p < 0.001). When directly 
comparing self- and mother-traits, we found that academic negative (p = 0.035) and 
prosocial negative traits (p < 0.001) were rated to fit better with the self, whereas physical 
negative (p = 0.027) and prosocial positive traits (p = 0.001) were rated to fit better with 
mother.
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Figure 2. Applicability scores in the Self and the Mother task. Self. Positive academic and positive prosocial 
traits are more applicable to self than positive physical traits. Negative academic traits are more applicable to 
self than negative physical and prosocial traits. Mother. Positive prosocial traits apply most to the participant’s 
mothers, while positive physical traits apply the least to the participant’s mothers. Negative physical traits are 
most applicable to the participants’ mothers, while negative prosocial traits are the least applicable to the 
participant’s mothers.

Second, we tested how participants rated importance of the traits outside of the scanner. 
Ratings showed that it is important to participants to have the positive traits, while the 
negative traits are more important not to have (F(1, 29) = 152.46, p < 0.001, ηp

2 = 0.84). 
We found a main effect of domain (F(2, 58) = 7.13, p = 0.002, ηp

2 = 0.20) and a domain × 
valence interaction effect (F(2, 58) = 3.97, p = 0.024, ηp

2 = 0.12). Post-hoc tests revealed 
that participants reported that it is more important to have positive prosocial traits than 
to have positive academic (p = 0.022) or positive physical traits (p = 0.002) (F(2, 58) = 7.30, 
p = 0.001, ηp

2 = 0.20). Negative traits had similar importance ratings across all domains 
(F(2, 58) = 3.03, p = 0.056, ηp

2 = 0.09).

fMRI results
We performed a 2 (target) × 3 (domain) × 2 (valence) whole brain ANOVA to investigate 
first domain- and valence specific neural activation. Second, we examined whether 
domain- and valence-specific neural activation was different for self- compared to 
mother-evaluations. Third, we investigated potential distinct neural processes for trait 
evaluations of self and mother. 

Domain- and valence-specific neural activation
To investigate domain- and valence-specific neural activation for trait evaluations 
regarding self and mother, we looked at several contrasts within the conducted 2 × 3 × 
2 ANOVA. First, we examined domain-specific brain activation by testing the contrasts 
academic > physical and prosocial, physical > academic & prosocial, and prosocial > 
academic and physical (Table 1). Second, we examined valence-specific brain activation 
by testing the contrasts positive > negative and negative > positive (Table 2).

In the contrast physical > academic and prosocial, we found significant activation in 
bilateral dlPFC, bilateral inferior parietal lobule (IPL), PC/PCC, left supplementary motor 
area (SMA), and dmPFC (Figure 3a). In the academic > physical and prosocial contrast, we 
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found significant activation in precuneus/posterior cingulate cortex (PC/PCC), vmPFC, left 
middle occipital gyrus, and right fusiform gyrus (Figure 3b). In the prosocial > academic 
and physical contrast, we found activation in left temporal pole, right TPJ, left postcentral 
gyrus, and right calcarine gyrus (Figure 3c) (see Table 1). In order to find common 
activation for trait evaluations in all three domains, we conducted a conjunction analyses 
in SPM8 in which we examined overlapping activation for physical traits versus fixation, 
academic traits versus fixation, and prosocial traits versus fixation. The results showed 
common activation in right dlPFC, left middle temporal cortex, bilateral thalamus, right 
insula, and occipital gyrus.

Regarding valence, the contrast positive > negative evaluations showed significant 
activation in rostral anterior cingulate cortex/vmPFC (rACC/vmPFC). In the contrast 
negative > positive evaluations, we found significant activation in left lingual gyrus (see 
Table 2; Figure 3d).

Finally, we tested whether there were interactions between domain × valence. This 
interaction analysis did not result in significant activation. 

Self-mother differences in domain- and valence-specific neural activation
To investigate whether domain- and valence-specific neural activation was different for 
self- compared to mother-evaluations, we examined the target × domain and target 
× valence interactions within the 2 × 3 × 2 ANOVA. In both interaction contrasts, no 
significant neural activation was found. 

Self- versus mother evaluations
Within the 2 (target) × 3 (domain) × 2 (valence) ANOVA we examined the contrasts Self > 
Mother and Mother > Self to investigate distinct neural processes for trait evaluations of 
self and mother (see Table 3; Figure 4). In the Self > Mother contrast, we found significant 
activation in ventrolateral prefrontal cortex (vlPFC), left middle temporal gyrus, right 
inferior temporal gyrus, left thalamus and right cerebellum. For the reverse contrast 
Mother > Self, no significant activation was found.
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Table 1. Regions activated during the domain contrasts
Region BA Coordinates Cluster Size F

(A) Academic > Physical and Prosocial
      (FDRc <.001 = 40)
Frontal cortex/ 
Subcortical

R Medial Frontal (vmPFC) 10 3 53 -8 54 4.69
L Medial Frontal 10 -6 50 -8 4.33
R. Fusiform gyrus 37 30 -31 -23 40 3.93
R Parahippocampal 36 24 -25 -26 3.78
R Hippocampus 54 30 -19 -20 3.34

Parietal cortex L Precuneus (PC/PCC) 23 -3 -58 19 240 8.51
L Middle Cingulum 23 -3 -40 34 4.05

Occipital cortex L Middle Occipital 39 -42 -76 34 47 5.60
(B) Physical > Academic and Prosocial
      (FDRc <.001 = 45)
Frontal cortex / 
Subcortical

L Inferior Frontal (dlPFC) 46 -48 35 16 1034 9.30
L Precentral 8 -39 8 34 5.95
L Precentral 6 -45 8 40 5.69
L Sup. Med. Frn. (dmPFC) 9 -9 38 31 69 4.31
L Sup. Med. Frontal 9 -6 47 19 3.76
L.Sup. Med. Frontal 9 -3 50 31 3.24
L Suppl. Motor Area 6 -6 17 55 226 5.15
R Suppl. Motor Area 6 12 14 61 4.14
R Sup. Med. Frontal 8 9 32 55 3.24
R Inferior Frontal (dlPFC) 46 48 35 16 512 6.32
R Middle Frontal 51 20 46 6.28
R Inferior Frontal 9 51 29 25 5.73
R Superior Frontal 24 38 -11 67 4.82
R Insula 13 30 20 -14 4.02

Parietal cortex L Inferior Parietal (IPL) 39 -33 -58 43 471 6.85
L Inferior Parietal 39 -30 -67 40 6.07
L Inferior Parietal 39 -42 -49 40 4.74
L Post. Cing. (PC/PCC) 0 -34 28 45 4.98
R Inferior Parietal (IPL) 39 42 -55 52 286 6.27
R Supramarginal 40 48 -40 43 3.67

(C) Prosocial > Academic and Physical
      (FDRc <.001 = 47)
Parietal cortex L Postcentral -54 -7 49 47 4.26

L Precentral -51 -7 58 4.11
L Postcentral 6 -48 -10 40 3.53
R Rolandic Operc. (TPJ) 40 57 -28 22 62 4.00

Temporal cortex L Superior Temporal 
(temporal pole) 38 -57 2 -14 51 4.26

Occipital cortex R Calcarine 17 9 -82 1 1243 7.12
L Lingual 18 -9 -76 -5 5.69
R Cuneus 18 15 -97 10 5.21

Names were based on the Automatic Anatomical Labeling (AAL) atlas.
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Table 2. Regions activated during the valence contrasts
Region BA Coordinates Cluster Size F

Positive > Negative
      (FDRc <.001 = 76)
Frontal cortex/ 
Subcortical

L Anterior Cingulum (rACC/
vmPFC) 24

-3 35 7 258
5.41

R Anterior Cingulum 32 6 35 13 4.49
L Anterior Cingulum 32 0 26 28 4.42
L Suppl. Motor Area 6 -3 -19 52 435 5.05
L Suppl. Motor Area 6 -6 -10 55 4.77
L Mid Cingulum 24 -6 2 43 4.53
R Olfactory 25 3 14 -8 76 4.57
L Anterior Cingulum -12 29 -5 3.81
L Anterior Cingulum 32 -3 23 -8 3.79
R Insula 6 48 2 4 325 5.08
R Insula 13 45 8 -8 4.47
R Rolandic Operculum 42 -1 16 4.29

Parietal cortex L Postcentral -39 -31 67 465 7.26
L Superior Parietal 7 -27 -49 64 3.80
L Postcentral 5 -24 -43 55 3.66
L Rolandic Operculum (Insula) 40 -48 -22 19 377 5.10
L Insula 13 -39 2 7 4.71
L Insula 13 -42 -16 1 4.25
R Supramarginal 40 51 -28 25 153 4.30
R Superior Temporal 69 -31 22 4.17
R Supramarginal 40 60 -25 31 3.95

Occipital cortex R Lingual 18 9 -79 -2 449 8.68
R Cerebelum 18 -52 -20 5.73
Vermis 6 -52 -8 3.36

Negative > Positive
      (FDRc <.001 = 55)
Occipital cortex L Lingual 18 -12 -82 -8 55 4.51

L Lingual 18 -18 -85 -14 3.76
Names were based on the Automatic Anatomical Labeling (AAL) atlas. 

Role of importance in vmPFC activation
To explore the effects of importance on valence (Arnaud D’Argembeau, 2013), we re-
analysed our data using the importance ratings outside the scanner to create a 2 (self 
and mother) × 2 (high and low/neutral importance) × 2 (positive and negative valence) 
ANOVA. The results indicated no main effect of importance after FDR cluster correction. 
Since we aimed to explore whether valence-related vmPFC activation could be explained 
by subjective importance of traits, we extracted the rACC/vmPFC ROI from the positive 
> negative contrast described above for this model as well. A subsequent 2 (target) × 2 
(importance) × 2 (valence) ANOVA showed a main effect of importance, indicating that 
rACC/vmPFC activation was stronger for traits that were rated as important to have than 
for traits rated to be important not to have (F(1, 15) = 7.961, p = 0.013), regardless of 
valence. There was no interaction between valence and importance.
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Table 3. Regions activated during the target contrasts
Region BA Coordinates Cluster Size F

Self > Mother      (FDRc <.001 = 62)
Frontal cortex/ 
Subcortical

L Inferior Frontal (vlPFC) 47 -30 26 -11 222 5.31
L Middle Temporal 38 -51 5 -23 4.98
L Middle Temporal Pole 38 -51 14 -26 4.57
L Thalamus 50 -9 -19 1 62 4.49
L Thalamus 18 -22 -2 4.26
L Pallidum -24 -16 -5 4.05

Temporal cortex L Middle Temporal 21 -54 -31 1 89 5.42
L Middle Temporal 22 -60 -40 10 3.59
L Middle Temporal 22 -51 -19 -5 3.24
R Inferior Temporal 20 48 2 -35 105 5.01
R Middle Temporal 38 57 8 -29 4.76

Cerebellum R Cerebellum 30 -61 -23 3871 6.55
R Cerebellum 30 -46 -23 6.21
L Cerebellum -3 -70 -8 6.07

Names were based on the Automatic Anatomical Labeling (AAL) atlas.

Figure 3. The whole brain effects of domain and valence. A. The t-contrast physical > academic & prosocial 
showed activation in bilateral dlPFC, bilateral IPL, PC/PCC, left SMA, and dmPFC. B. The t-contrast academic > 
physical & prosocial showed activation in PC/PCC, vmPFC, left middle occipital gyrus, and right fusiform gyrus.  
C. The t-contrast prosocial > academic & physical showed activation in left STS, right TPJ, left postcentral gyrus, 
and right calcarine gyrus. D. The t-contrast positive > negative showed activation in rACC/vmPFC, bilateral 
insula, left SMA, left postcentral gyrus, right olfactory gyrus, right supramarginal gyrus, and right lingual gyrus. 
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Figure 4. The t-contrast self > mother showed activation in left vlPFC, left thalamus, left middle temporal 
cortex, left inferior temporal cortex, and right cerebellum.

Discussion
The main goal of this paper was to dissociate brain activation for trait evaluations in 
different domains and valences. First, the results showed domain-specific activity patterns, 
which were similar for self and for close other. For evaluating physical traits, activation in 
bilateral dlPFC, bilateral IPL, PC/PCC, and dmPFC was found. There was increased PC/PCC 
and vmPFC activation for evaluating academic traits. Evaluating prosocial traits resulted 
in increased activation in left temporal pole, and right TPJ. We found stronger brain 
activation in the rACC extending to the vmPFC, and in bilateral insula for positive than for 
negative evaluations across domains (Moran et al., 2006). Moreover, this activation was 
stronger for traits that were rated high on importance than for traits rated to be low/
neutral on importance. Interestingly, self and close-other evaluations relied on similar 
neural activations such that no domain and valence specific regions were differentially 
activated when making self and mother evaluations. The discussion is organized along 
these findings.

Evaluations in different domains and valences
The main goal of this study was to test for domain and valence specificity when rating 
self and close-other traits. As no interactions between target and domain or target and 
valence were found, we interpret the domain and valence results to hold for both self 
and close-other evaluations.

In accordance with the study of (Moran et al., 2010), activation for physical evaluations 
was found in bilateral dlPFC and PC/PCC. Previous studies have shown that these 
regions are important for semantic (dlPFC: Badre & Wagner, 2007; Martinelli et al., 2012; 
Thompson-Schill et al., 2005) and autobiographical (PC/PCC: Fink et al., 1996; Northoff & 
Bermpohl, 2004; van der Meer et al., 2010) memory retrieval in evaluating one’s physical 
traits. Physical trait evaluations were also associated with more activation in dmPFC and 
bilateral IPL. Dorsomedial PFC activation in self-referential processing has been found to 
be activated in evaluations less relevant to the self or evaluations of relatively dissimilar 
others (Denny et al., 2012; Mitchell et al., 2006; Murray et al., 2012). Moreover, this region 
has often been related to mental state attributions and impression formations (Mitchell 
et al., 2006; Mitchell, Banaji, et al., 2005; Mitchell, Macrae, et al., 2005). IPL is known to 
be involved in social processes such as empathy and mentalizing, and was previously 
implicated in perspective taking as well (David et al., 2006; Ruby & Decety, 2003; Vogeley 
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et al., 2004). Moreover, IPL has recently been suggested to play a role in identifying the 
difference between other’s and the self’s preferences (Janowski et al., 2013). Possibly, 
these results suggest that participants reason more from the perspective of others when 
evaluating physical traits, compared to when evaluating academic and prosocial traits.

We found PC/PCC and vmPFC involvement during academic trait evaluations, which 
is in line with our expectations and with previous research showing involvement of 
these regions in competence traits (Ma et al., 2016). First, PCC is known to play an 
important role in the integration of autobiographical and emotional information (Fink 
et al., 1996; Northoff & Bermpohl, 2004; van der Meer et al., 2010). One earlier study 
using trait evaluations in different domains found PCC activation for the physical domain 
instead (Moran et al., 2010). This could be explained, however, by the author’s use of 
more objective physical traits (like “beard” or “bald”), rather than the more subjective 
statements such as “I look attractive” that were used in the current study. Future studies 
should test to what extent objective (I have a beard) versus subjective physical traits (I am 
attractive) are associated with different behavioural judgments and involvement of PCC. 
Second, the increased vmPFC activation for evaluating academic traits versus evaluating 
traits in other domains is in line with several previous studies that found heightened 
(ventral) mPFC activation in response to character or competence traits (Ma et al., 2014, 
2016; Moran et al., 2010).

A different set of brain regions was involved when making prosocial trait evaluations, 
which were mostly part of the social brain network. As expected, evaluations of prosocial 
traits of self and close-other resulted in left temporal pole and right TPJ activation (Frith, 
2007; Ross & Olson, 2010). Both the temporal poles and TPJ are social brain regions, 
often implicated in mentalizing (Frith & Frith, 2006; Frith & Frith, 2003; Saxe, 2006). More 
specifically, TPJ is thought to be important in third-person perspective-taking processes 
(Aichhorn et al., 2006; Apperly et al., 2004; Ruby & Decety, 2003; Samson et al., 2004; 
Saxe & Kanwisher, 2003; Saxe & Wexler, 2005), whereas the temporal pole has been 
suggested to be important for storage of social and personal semantic knowledge, 
binding perceptions and emotions (Olson et al., 2007, 2013). The temporal pole plays 
a critical role in representing and retrieving social knowledge, and is shown to be more 
sensitive to social than to non-social knowledge (Olson et al., 2013; Skipper, L.M., Ross, 
L.A., Olson, 2011). To our knowledge, this is the first study examining neural activation 
for prosocial trait evaluations. Future studies should further investigate the exact way in 
which these social brain regions aid (pro)social self and close-other evaluations.

Previous studies often collapsed across valences when testing for neural activity for 
self-evaluations. Here, we aimed to test whether there were specific regions involved 
in positive versus negative self-evaluations. We found rACC activation extending into 
the vmPFC for the evaluation of positive trait sentences as we expected based on prior 
research investigating valence in self-reflections (Moran et al., 2006). This result is in line 
with studies that have linked activation in this region to positive valuation processes 
(Kringelbach & Rolls, 2004; Peters & Büchel, 2010). Additionally, we found increased 
activation in bilateral insula, a region often activated in conjunction with mPFC in self-
referential tasks with emotional components (Pfeifer & Peake, 2012). Insula activation 
has been found to be stronger for evaluating the self compared to a public-other, 
but similar for self and a close-other (Murray et al., 2012). These findings suggest that 
activation in this region increases with self-relatedness or salience of the task (Murray et 
al., 2012; Pfeifer & Peake, 2012).
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Evaluations of self and close-other
In this study, we tested for commonalities and differences in brain activation for self 
and close-other (mother) evaluations. There were no differences in neural activation 
between self and close-other evaluations in medial prefrontal cortex, consistent with 
prior studies showing that mPFC is involved in self and close-other processing (Ray et al., 
2010; Vanderwal et al., 2008; Zhu et al., 2007).

Behaviourally, participants rated themselves more positively on physical traits than their 
mothers, and their mothers more positively on prosocial and academic traits. These 
findings may indicate that the social bond with their mothers was evaluated as the most 
applicable trait for their mothers, whereas in their perspective the positive physical traits 
were most applicable to themselves. These differences were possibly to subtle to detect 
at the neural level but provide interesting directions for future research.

The role of importance in vmPFC activation
We addressed the question if brain regions that are involved in positive trait evaluations 
are also more active for traits that are judged as more important. Interestingly, the 
valence-related rACC/vmPFC activation was stronger for highly important traits compared 
to low/neutral important traits. These findings suggest that valence and importance have 
additive effects on rACC/vmPFC activation (see also D’Argembeau, 2013). An interesting 
question for future research will be to examine in more detail individual profiles for 
which traits are most important for whom, and test if vmPFC activity tracks with these 
importance ratings. These profiles may also be important for a better understanding of 
psychological conditions where specific domains are rated as less or more important, 
such as fear for academic failure (Neff et al., 2005) or eating disorders (Davis et al., 2004; 
Lieberman, 1995).

Limitations
There are some limitations to this study related to the stimuli and the tasks we used. 
First, prosocial sentences were longer than academic sentences (academic mean: 16.20 
letters; physical mean: 19.15 letters; prosocial mean: 24.45 letters; F(2, 18) = 7.56, p 
= 0.004), but sentence length was equal across valences (positive mean: 19.17 letters; 
negative mean: 20.70 letters; F(1, 9) = 0.623, p = 0.450). Previous research found stronger 
occipital, fusiform, and lingual gyrus activation with increasing word length (Mechelli et 
al., 2000; Schuster et al., 2016). Therefore, we did not interpret the occipital cortex and 
calcarine/lingual gyrus activation we found for the domain contrasts. Second, we did 
not randomize the order of tasks (self and mother), all participants completed the first 
run about themselves and the second run about their mothers. Future studies should 
randomize task orders to avoid confounding effects of task order.

Conclusions
This study aimed to distinguish between neural activity for self and close-other evaluations 
in different domains and valences. Even though in the behavioural literature it is well 
established that individuals may differ in their self-descriptions according to different 
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domains (Harter, 2012; Harter et al., 1998), few neuroimaging studies made these 
distinctions. Here, we showed that there was specific neural activity in brain regions 
typically implicated in mentalizing for physical traits, in brain regions typically implicated in 
autobiographical memories for academic traits, and in the social brain regions prosocial 
traits. The finding that these patterns were consistent for self and mother evaluations, 
confirmed our hypothesis that these regions are important for that particular domain of 
thinking about the self. Together, these findings provide important evidence for domain 
and valence specificity when evaluating self and close others.
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Supplement

Trait sentences used in both the self and the mother task
Participants were asked: “does this trait apply to me?” (self task) or “does this trait apply 
to my mother?” (mother task).

        Academic
        positive negative

Ik ben een harde werker Ik ben onverstandig
Ik ben goed in het maken van toetsen Ik ben snel afgeleid
Ik ben slim Ik werk sloom
Ik leer snel Ik vind school moeilijk
Ik ben gemotiveerd op school Ik stel dingen uit
Ik werk zelfstandig Ik werk slordig
Ik heb mijn werk altijd op tijd klaar Ik werk chaotisch
Ik haal goede cijfers Ik ben lui
Ik doe het goed op school Ik heb veel hulp nodig op school 
Ik leer graag Ik ben dom

        Physical
        positive      negative

Ik zie er aantrekkelijk uit Ik ben dik
Ik ben mooi ik heb overgewicht
Ik ben knap Ik ben lelijk
Ik zie er goed uit Ik zie er suf uit
Ik heb een goede kledingstijl Ik zweet veel
Ik heb een goed lichaam Ik ben te zwaar
ik heb een mooi figuur Ik ben onaantrekkelijk
ik mag blij zijn met mijn lichaam Ik zie er onverzorgd uit
Ik zie er stralend uit Ik heb lelijke tanden
Ik heb een mooie lach Ik heb een slechte huid

        Prosocial
        positive negative

Ik troost anderen Ik zorg alleen voor mezelf
Ik doe graag iets voor een ander Ik houd alleen rekening met mezelf
Ik houd rekening met  anderen Ik laat anderen hun problemen zelf oplossen
Ik leef met anderen mee Ik houd alles voor mezelf
Ik geef om anderen Ik help anderen alleen als ik er iets voor terug krijg
Ik voel met anderen mee Ik kies altijd voor mezelf
Ik help anderen Ik denk vooral aan mezelf
Ik zorg graag voor anderen Ik negeer andermans problemen
Ik kom voor anderen op Ik leen mijn spullen niet graag uit
Ik deel graag met anderen Ik help nooit een vreemde
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Chapter 3 

The neural signature of self-concept 
development in adolescence: The role of 

domain and valence distinctions
This chapter is published as: van der Cruijsen, R., Peters, S., van der Aar, L.P.E., & Crone, E. A. (2018). The 

neural signature of self-concept development in adolescence: The role of domain and valence distinctions. 
Developmental Cognitive Neuroscience, 30, 1-12. doi:10.1016/j.dcn.2017.11.005

Abstract
Neuroimaging studies in adults showed that cortical midline regions including medial 
prefrontal cortex (mPFC) and posterior cingulate cortex (PCC) are important in self-
evaluations. The goals of this study were to investigate the contribution of these regions 
to self-evaluations in late childhood, adolescence, and early adulthood, and to examine 
whether these differed per domain (academic, physical and prosocial) and valence (positive 
versus negative). Also, we tested whether this activation changes across adolescence. For 
this purpose, participants between ages 11–21-years (N = 150) evaluated themselves 
on trait sentences in an fMRI session. Behaviourally, adolescents rated their academic 
traits less positively than children and young adults. The neural analyses showed that 
evaluating self-traits versus a control condition was associated with increased activity in 
mPFC (domain-general effect), and positive traits were associated with increased activity 
in ventral mPFC (valence effect). Self-related mPFC activation increased linearly with age, 
but only for evaluating physical traits. Furthermore, an adolescent-specific decrease in 
striatum activation for positive self traits was found. Finally, we found domain-specific 
neural activity for evaluating traits in physical (dorsolateral PFC, dorsal mPFC) and 
academic (PCC) domains. Together, these results highlight the importance of domain 
distinctions when studying self-concept development in late childhood, adolescence, 
and early adulthood.
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Introduction
Adolescence is a life period during which the self-concept undergoes significant changes. 
For example, adolescents form increasingly abstract self-descriptions and they develop a 
more differentiated self-concept that varies across domains and different social contexts 
(Harter, 2012). It is thought that these changes are triggered by the development of 
cognitive abilities, by taking on new social roles, and by changes in the environment 
of adolescents (Brown, 2004; Harter, 2012). Importantly, these developmental changes 
become increasingly domain-specific, with, for example, more differentiated self-
evaluations for social, physical and academic domains (Marsh & Ayotte, 2003). These 
domain-specific self-evaluations may be dependent on contextual factors such as school 
environment and social relations (Harter, 2012). Additionally, although the positivity bias 
(the overestimation of own abilities, and unrealistically positive self-views) is thought to 
decline from childhood to adolescence (Harter, 2012; Trzesniewski et al., 2003), the exact 
development of the valence of self-evaluations in adolescence is still debated (Steiger et 
al., 2014). It has been hypothesized that the development of the valence of self-concept 
also differs per domain (David A. Cole, Maxwell, et al., 2001; Shapka & Keating, 2005).

Concurrent with changes in self-evaluations, adolescents show large functional and 
structural changes in brain structures that are implicated in self-referential processing 
such as the medial prefrontal cortex (mPFC) and posterior parietal cortex (PCC) (Mills et 
al., 2014; Pfeifer & Peake, 2012; Somerville et al., 2013). However, to date neuroimaging 
studies have not yet examined domain- and valence-specificity of self-evaluations in 
adolescence. The current study set out to test domain and valence differences in self-
evaluation in adolescence using functional neuroimaging methods. Concurrent with 
changes in self-evaluations, adolescents show large functional and structural changes 
in brain structures that are implicated in self-referential processing such as the medial 
prefrontal cortex (mPFC) and posterior cingulate cortex (PCC) (Mills et al., 2014; Pfeifer 
& Peake, 2012; Somerville et al., 2013). However, to date neuroimaging studies have 
not yet examined domain- and valence-specificity of self-evaluations in adolescence. 
The current study set out to test domain and valence differences in self-evaluation in 
adolescence using functional neuroimaging methods.

Self-related brain regions
The role of the mPFC in self-evaluations has been well studied in adults. In these studies, 
participants evaluated whether, and to what extent, certain traits were descriptive of 
the self. Elevated activation in the ventral and rostral mPFC has consistently been found 
for self-evaluations relative to other-evaluations or baseline activation (for a review 
and meta-analyses, see (Amodio & Frith, 2006; Denny et al., 2012; Murray et al., 2012). 
Interestingly, some studies reported stronger ventral mPFC activation for evaluating 
positive traits than for evaluating negative traits (Moran et al., 2006; van der Cruijsen 
et al., 2017) and this region has previously been linked to positive valuation processes 
(Kringelbach & Rolls, 2004; Peters & Büchel, 2010). This suggests that the ventral part of 
the mPFC is especially involved in affective evaluation of self-traits (D’Argembeau, 2013).

In addition to studies focusing on brain regions for general self-evaluations, several 
studies reported that a broader network of brain regions is involved when comparing 
self-evaluations across different domains. Evaluating physical traits has been associated 
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with activation in dorsolateral prefrontal cortex (DLPFC), whereas character evaluations 
have been associated with posterior cingulate cortex (PCC) activation (Moran et al., 2010; 
Pfeifer et al., 2013; van der Cruijsen et al., 2017).

Recently, several studies investigated the neural activations underlying self-evaluations in 
childhood and adolescence. A study focusing on 14-to-16-year-old adolescents revealed 
stronger ventral mPFC, dorsal mPFC and medial posterior parietal cortex (mPPC) 
activation for evaluations of self compared to evaluations of others (Romund et al., 
2017). Other studies reported increased rostral mPFC activation in children (9–10-years) 
compared to adults (23–31-years) for self-evaluations relative to evaluations of others 
(Pfeifer et al., 2009; Pfeifer et al., 2007). However, other studies reported similar cortical 
midline activation for direct self-evaluations for early adolescents (11–14-years) and 
adults (22–31-years) (Jankowski et al., 2014), and showed that ventral mPFC activation for 
self-evaluations increased with age and pubertal development in the social but not the 
academic domain from age 10–13 years (Pfeifer et al., 2013). Similarly, a prior study that 
found rostral ACC activation during memory encoding for traits of self versus mother, 
showed that this activation increased from age 7–13 years (Ray et al., 2009). A similar 
study revealed that activation in this region for self versus a distant other increased 
across adolescence from age 13–19 (Dégeilh et al., 2015).

Together these studies suggest that mid to late childhood/early adolescence (7–13 
years) may be an important period for the development of brain regions underlying 
self-evaluations and provide initial evidence that these changes may be domain-specific. 
That is, the development of self-related brain activation might differ for evaluating the 
self in different domains. However, prior studies included adolescents in narrow age 
ranges and varying age groups. Consequently, these studies mostly compared specific 
age groups (children and/or adolescents) with adults. A developmental pattern of self-
related brain activation across childhood, adolescence, and early adulthood has not yet 
been tested. Moreover, it remains to be determined whether adolescents also show 
neural activations in distinct regions for evaluations in different domains, similar to what 
has previously been found in adults (Moran et al., 2010; van der Cruijsen et al., 2017).

Current study
In the current study, we aimed to test domain- and valence-specificity of self-concept 
development in adolescence, by including a large sample (N = 150) of participants 
across a broad age range from (11–21-years). For this purpose, participants evaluated 
themselves on descriptions of positive and negative traits in three domains (academic, 
physical, prosocial). Our specific aims were 1) to investigate whether ventral/rostral mPFC 
was more active for self-evaluations compared to a baseline condition in adolescents 
(Amodio & Frith, 2006; Denny et al., 2012; Murray et al., 2012; Pfeifer et al., 2013; Pfeifer 
et al., 2007), 2) to unravel domain-specific neural activation with a focus on DLPFC for 
physical self-evaluations, and PCC for character (academic and prosocial) self-evaluations 
(Moran et al., 2010; van der Cruijsen et al., 2017), 3) to test whether ventral mPFC is more 
active for evaluating positive than negative self-traits in adolescence, similar to what has 
previously been reported in adults (Moran et al., 2006; van der Cruijsen et al., 2017), and 
4) to explore whether activation in these brain regions would show age-related changes 
across adolescence (Dégeilh et al., 2015; Jankowski et al., 2014; Pfeifer et al., 2013; Pfeifer 
et al., 2009; Pfeifer et al., 2007; Ray et al., 2009).



Exploring me in a world of we42 Exploring me in a world of we42

3

We tested for linear changes with age (both positive and negative) based on studies 
that compared children/early adolescents with adults (Jankowski et al., 2014; Pfeifer et 
al., 2009). Even though no prior studies examined changes in self-evaluations from mid 
to late adolescence, a prior study that examined self-consciousness showed stronger 
mPFC activation in mid adolescents compared to children and adults when participants 
believed they were being observed by others (Somerville et al., 2013). Therefore, we 
also tested whether the activation in self-related brain regions would show a quadratic 
change.

Method

Participants
This study was part of a larger study (the Leiden Self-Concept study). Participants were 
160 right-handed children, adolescents, and young adults, of whom 10 were excluded 
due to the following reasons: excessive head movements during the fMRI scans (more 
than 3 mm across the full run, n = 8), did not complete scan (n = 1), and technical error 
(n = 1). Consequently, a total of 150 healthy participants (80 female) aged between 11 
and 21 years old (mean age = 15.7, SD = 2.9) were included in the analyses. Motion 
correlated negatively with age, indicating that older participants moved less during the 
scan than younger participants (r = −0.314, p < 0.001). We added motion parameters to 
all the analyses to control for these differences (see below).

All participants reported normal or corrected-to-normal vision, and an absence of 
neurological or psychiatric impairments. Participants completed two subtests of the 
WISC-III or WAIS-III (Similarities and Block Design). Estimated IQ scores fell between 80.0 
and 137.5 (M = 110.30, SD = 11.06), and IQ did not correlate with age (r(148) = 0.007, 
p = 0.934). Pubertal status was assessed using the Pubertal Development Scale (PDS; 
Petersen et al., 1988). Pubertal status scores ranged from 5 to 20 in girls (mean = 15.3, 
SD = 3.5), and from 5 to 20 in boys (mean = 14.3, SD = 4.2). This corresponds to an 
average PDS stage of 4.15 (range 1–5) for girls, and 3.57 (range 1–5) for boys.

All participants and both parents of minors signed informed consent before inclusion in 
the study. The study was approved by the University Medical Ethical Committee. Prior 
to the scan session, participants were screened for MRI contra-indications and self-
reported psychiatric diagnoses or psychotropic medication. All scans were viewed by a 
radiologist and no clinically relevant findings were observed.

Task description
All participants completed an fMRI task in which they were presented with short 
sentences describing either positively or negatively valenced traits in the academic, 
physical or prosocial domain (Figure 1, Appendix A). In the self-condition, participants 
were asked to indicate to what extent the trait sentences applied to them on a scale of 
1–4. Participants responded to 60 trait sentences (e.g. ‘I am smart’, ‘I am unattractive’) 
by pressing buttons from 1 (‘not at all’) to 4 (‘completely’) with the index to little finger of 
their right hand. Twenty trait sentences were shown for each domain; ten with a positive 
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valence and ten with a negative valence. In the baseline condition, all response demands 
were the same, except that in this condition participants were asked to categorize other 
trait sentences according to four categories: (1) school, (2) social, (3) appearance, or 
(4) I don’t know. Twenty trait sentences were shown in this block; ten with a positive 
valence and ten with a negative valence. The two conditions appeared in separate runs 
and the order of conditions was counterbalanced across participants. All stimuli and 
the average number of words per sentence in each condition can be found in Appendix 
A. Analyses on the sentence length revealed a domain x valence interaction effect (F(2, 
18) = 4.92 p = 0.020). Post-hoc tests showed that positive sentences were comparable in 
length for all domains (F(2, 18) = 0.02, p = 0.986), whereas negative prosocial sentences 
consisted of more words compared to negative sentences in the other domains (F(2, 
18) = 9.32, p = 0.002). Moreover, academic positive sentences consisted of more words 
than academic negative sentences (F(1, 9) = 6.44, p = 0.032).

Figure 1. Example of a trial in the Self and the Control condition. Each trial started with a black screen with 
a jittered duration between 0 and 4400ms. Subsequently, a fixation cross was shown for 400ms after which 
the stimulus appeared. In the Self condition, participants rated on a scale of 1 to 4 to what extent the traits fit 
themselves. In the Control condition, participants categorized the trait sentences into one of four options. The 
stimulus was shown for 4600ms. If participants responded within this timeframe, the number of their choice 
would turn yellow. If participants failed to respond within this timeframe, a screen with the phrase ‘Too Late!’ 
was shown for an additional 100ms after which the next trial would start.

Participants completed the trials in both conditions in a pseudorandomized order. Each 
trial began with a 400 ms fixation cross. Subsequently, the stimulus was presented for 
4600 ms, which consisted of the trait sentence and the response options (1–4). Within 
this timeframe, participants could respond to the sentence. To assure participants 
that their choice had been registered, the number they chose turned yellow for the 
remaining stimulus time. If the participant failed to respond within the 4600 ms, they 
were shown the phrase ‘Too late!’ for 1000 ms. These trials were modelled separately 
and were not included in the analysis. Too late responses occurred on 1.1% of the trials 
in the Self block and on 0.7% of trials in the control condition. The order of the trials 
was optimized using Optseq (Dale, 1999). Additionally, OptSeq was used to add jittered 
intertrial intervals, that varied between 0 and 4.4 s.

The fMRI task was validated by correlating the self-evaluations in the three domains 
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to subscales of the Dutch version of the Self Perception Profile for Adolescents (SPPA) 
(Harter, 1988) (Table 2). We also included the subscale “prosocial” from the Strengths 
and Difficulties Questionnaire (SDQ) as an additional index for prosocial self-evaluations. 
Scores on the positive academic and negative academic domain, correlated significantly 
with the subscales scholastic competence (positive academic: r(148) = 0.57, p < 0.001; 
negative academic: r(148) = −0.45, p < 0.001) and behavioural conduct (positive 
academic: r(148) = 0.50, p < 0.001; negative academic: r(148) = −0.47, p < 0.001). Scores 
on the physical domain correlated with the subscales physical appearance (positive 
physical: r(148) = 0.60, p < 0.001; negative physical: r(148) = −0.61, p < 0.001), social 
competence (positive physical: r(148) = 0.25, p = 0.002; negative physical: r(148) = −0.25, 
p = 0.003) and athletic competence (negative physical: r(148) = −0.21, p = 0.009). Scores 
on the prosocial domain correlated with the subscale close friendship (positive prosocial: 
r(148) = 0.61, p = 0.002; negative prosocial: r(148) = −0.20, p = 0.013) and with the 
SDQ prosocial subscale (positive prosocial: r(148) = 0.61, p < 0.001; negative prosocial: 
r(148) = −0.42, p < 0.001). All other correlations are presented in Table 1.

fMRI data acquisition
MRI scans were acquired on a Philips 3T MRI scanner, using a standard whole-head 
coil. Functional scans were acquired in two runs with T2*-weighted echo-planar imaging 
(EPI) sequence (TR = 2200 msec, TE = 30 msec, sequential acquisition, 37 slices of 
2.75 mm, FOV = 220 × 220 × 111.65 mm). The first two volumes were discarded to 
account for T1 saturation. After the functional scans, a high-resolution 3D T1-FFE scan 

Table 1. Correlations of scores on all conditions of the Self block with all SPPA 
subscales and the SDQ prosocial subscale.

Academic 
Positive

Academic 
Negative

Physical 
Positive

Physical 
Negative

Prosocial 
Positive

Prosocial 
Negative

Scholastic 
Competence

R .566** -.447** .187* -.063 .020 .086

p-value .000 .000 .022 .446 .811 .294

Behavioral 
Conduct

R .500** -.466** -.039 -.055 .071 .117

p-value .000 .000 .635 .506 .389 .153

Social 
Competence

R -.025 -.042 .250** -.245** .027 -.109

p-value .758 .608 .002 .003 .740 .184

Athletic 
competence

R -.074 -.038 .151 -.214** -.082 .009

p-value .369 .643 .066 .009 .316 .910

Physical 
Appearance

R .136 -.114 .596** -.606** -.108 .013

p-value .097 .165 .000 .000 .190 .873

Close friendship
R .137 -.036 .242** -.108 ,249** -.203*

p-value .095 .660 .003 .188 .002 .013

Global self-worth
R .234** -.246** .431** -.465** -.068 .042

p-value .004 .002 .000 .000 .406 .608

SDQ_Prosocial
R .201* -.059 .009 .068 .605** -.420**

p-value .013 .470 .909 .407 .000 .000

**. Correlation is significant at the 0.01 level (2-tailed)  *. Correlation is significant at the 0.05 level (2-tailed)
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for anatomical reference was obtained (TR = shortest msec, TE = 4.6 msec, 140 slices, 
voxel size = 0.875 mm, FOV = 224 × 178.5 × 168 mm). Sentences were projected on a 
screen behind the scanner and could be seen by the participant via a mirror attached 
to the head coil. Head movement was restricted by placing foam inserts inside the coil.

fMRI preprocessing and statistical analysis
All data were analyzed using SPM8 (Wellcome Department of Cognitive Neurology, 
London). The functional scans were corrected for slice-timing acquisition and differences 
in rigid body movement. All structural and functional volumes were spatially normalized 
to T1 templates. The normalization algorithm used a 12-parameter affine transformation 
together with a nonlinear transformation involving cosine basis functions. The algorithm 
resampled the volumes to 3 mm cubic voxels. Templates were based on the MNI305 
stereotaxic space (Cocosco et al., 1997). Functional volumes were spatially smoothed 
with a 6 mm FWHM isotropic Gaussian kernel.

Task effects for each participant were estimated using the general linear model in SPM8. 
The fMRI time series were modelled as a series of zero duration events convolved with 
the hemodynamic response function (HRF). Modelled events of interest for the self task 
were “Academic-Positive”, “Academic-Negative”, “Physical-Positive”, “Physical-Negative”, 
“Prosocial-Positive” and “Prosocial-Negative”. For the control task, only one event of 
interest was modelled: “Control” (collapsed across domains and valences). Trials in which 
participants failed to respond were modelled as events of no interest. The events were 
used as covariates in a general linear model, along with a basic set of cosine functions 
that high-pass filtered the data. Six motion regressors were added to the model. The 
resulting contrast images, computed on a subject-by-subject basis, were submitted to 
group analyses.

To investigate our aims, we performed two separate analyses. In the first analysis, all self-
condition trials (collapsed across domains and valences) were compared to the control 
trials using a one sample t-test for the contrast Self > Control. The goal of this analysis was 
to reveal regions that were more engaged during self-evaluations. In the second analysis, 
we tested for domain- and valence-specificity using trials in the self-condition. For this 
analysis a 3 (domain: academic, physical, prosocial) x 2 (valence: positive, negative) whole-
brain ANOVA was computed. For all analyses, we applied FDR cluster level correction 
(p < 0.05) at an initial uncorrected threshold of p < 0.001, as implemented in SPM8.

Next, whole-brain analyses were performed to investigate possible linear and quadratic 
age effects, using age as a linear or quadratic regressor in all the contrasts (positive 
and negative). Finally, we used the Marsbar ROI toolbox to perform follow-up analyses 
on 5 ROIs from the Self > Control contrast. The results were corrected for multiple 
comparisons using a Bonferroni method adjusting for correlated variables (http://www.
quantitativeskills.com/sisa/calculations/bonfer.htm) (T. V Perneger, 1998; Sankoh et al., 
1997). The average correlation between variables (5 ROIs) was r = 0.30, which resulted 
in an adjusted significance level (2-sided adjusted) of α = 0.016. Greenhouse–Geisser 
corrected p-values were reported when appropriate.
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Results

Behavioural results
To investigate how participants evaluated themselves on trait sentences in different 
domains we performed a repeated measures ANOVA with domain (physical, academic, 
prosocial) as a within subjects factor. Negative self-evaluations were recoded and the 
combined scores of positive and negative evaluations resulted in an applicability score, 
such that higher applicability scores indicated a more positive evaluation of the self. The 
results showed a main effect of domain (F(2, 298) = 27.73, p < 0.001, ƞƿ

2 = 0.16). This 
effect indicated that participants were most positive about their prosocial traits (prosocial 
versus physical: p = 0.002, prosocial versus academic: p < 0.001), and least positive 
about their academic traits (academic versus physical: p < 0.001), whereas physical traits 
were rated in the middle (Figure 2a). To test how these evaluations differed with age, 
age was added as a covariate to these analyses, first as a linear factor, and second as 
a quadratic age factor. There were no main-effects or interaction effects with age as 
a linear factor, and there was no main-effect of age as a quadratic factor (all p-values 
>0.47). However, a significant domain x quadratic age interaction effect was found (F(2, 
296) = 6.83, p = 0.001, ƞƿ

2 = 0.04). Follow-up analyses showed a negative quadratic effect 
of age in the academic domain (F(1, 148) = 9.86, p = 0.002, ƞƿ

2 = 0.06), but not in the 
physical (F(1, 148) = 1.16, p = 0.28, ƞƿ

2 = 0.01) or prosocial (F(1, 148) = 0.037, p = 0.85, 
ƞƿ

2 = 0.00) domain. As can be seen in Figure 2b, academic traits were rated less positive 
in mid adolescence compared to childhood and early adulthood.

Next, we examined reaction time differences between conditions. We conducted 
a repeated measures ANOVA with domain (physical, academic, prosocial) as a within 
subjects factor. The analysis resulted in a main effect of domain (F(2, 298) = 122.11, 
p < 0.001, ƞƿ

2 = 0.45), indicating the slowest reaction times for prosocial sentences 
(prosocial versus academic and physical: p < 0.001), and the fastest reaction times 
for physical sentences (physical versus academic and prosocial: p < 0.001). With age 
added as linear or quadratic covariate, we only found a main effect of linear age (F(1, 
148) = 16.89, p < 0.001, ƞƿ

2 = 0.10), showing a decrease in reaction times with increasing 
age.

As we were interested in differences for positive and negative self-evaluations, we 
conducted a 3 (domain) x 2 (valence) post-hoc repeated-measures ANOVA to test for 
a main effect of valence. The analysis showed that participants responded faster to 
positive compared to negative trait sentences (F(1, 149) = 17.66, p < 0.001, ƞƿ

2 = 0.11). 
With age added as linear or quadratic covariate, we did not find any interaction effects 
of valence with age.
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Figure 2. Applicability scores in the Self block. Higher scores indicate more positive evaluations about the 
self. A. Participants rate themselves most positive on prosocial traits and least positive on academic traits. B. 
Academic traits are rated less positively in mid adolescence compared to in childhood and young adulthood.

fMRI results
Domain-general self-evaluations
To detect brain regions that were generally involved in self-evaluations, we conducted 
a whole-brain one-sample t-test for Self > Control. This analysis revealed significantly 
stronger activation for Self relative to Control trials in mPFC, right ventrolateral prefrontal 
cortex (VLFPC), left dorsolateral prefrontal cortex (DLPFC), right supramarginal gyrus and 
left supplementary motor area (SMA) (Figure 3).

Domain- and valence-specific self-evaluations
Next, we tested whether self-evaluations in the three domains and for positive and 
negative valence showed distinct activation patterns. Valence was added as additional 
factor based on prior studies showing that positively valenced traits are processed 
differently at a neural level compared to negatively valenced traits.
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Figure 3. Self > Control. A whole-brain t-test (FDR-cluster corrected at p<.001) revealed significantly stronger 
activation for Self relative to Control trials in mPFC, left DLPFC, right VLPFC, right Supramarginal gyrus and left 
Supplementary Motor Area (SMA). ***=p<.001.

Figure 4a illustrates activations for each domain relative to the control condition. To 
investigate domain- and valence-specific activation patterns, trials from the self-
condition were included in a 3 (domain) x 2 (valence) whole-brain full factorial ANOVA. 
This analysis revealed a main effect of domain in bilateral ventrolateral prefrontal cortex 
(VLPFC), bilateral inferior parietal lobule (IPL), bilateral inferior temporal gyrus (ITG) and 
precuneus/posterior cingulate cortex (PC/PCC). In addition, the main effect of valence 
showed activation in the vmPFC (mid orbital gyrus) and in bilateral lingual gyrus.

To inspect these main effects for domain in more detail, we compared activity for the 
contrasts physical > academic & prosocial (Table 2a), academic > physical & prosocial 
(Table 2b), and prosocial > academic & physical (Table 2c). Specific activation for evaluating 
physical trait sentences appeared in bilateral VLPFC, bilateral IPL, bilateral ITG, PC/PCC, 
and dorsal mPFC (Figure 4b). Specific activation for evaluating academic trait sentences 
was found in PC/PCC, left inferior parietal cortex (IPC), and in left dorsolateral prefrontal 
cortex (DLPFC) (Figure 4c). Specific activation for evaluating prosocial trait sentences was 
only found in right lingual gyrus (Figure 4d).

The main effect of valence was followed up by direct comparisons. The one-sample t-tests 
for positive > negative (Table 3a) showed specific activation for evaluating positive trait 
sentences in vmPFC and right lingual gyrus. The negative > positive contrast revealed 
activation for evaluating negative sentences in left lingual gyrus only (Table 3b; Figure 5).

Whole-brain linear and quadratic age effects
To test for possible linear and quadratic developmental patterns in the contrasts 
specified above, whole-brain regressions were performed for all contrasts (self > control, 
academic > physical & prosocial, physical > academic & prosocial, prosocial > academic 
& physical, positive > negative and negative > positive) using age as a linear and 
quadratic covariate. Only one region survived FDR-cluster correction at p < .001 (with RT 
correction, this result survives FWE-cluster correction, but not FDR-cluster correction): in 
the positive > negative contrast, there was a quadratic age effect in the striatum (x = 24, 
y = 32, z = 1). As can be seen in Figure 6, striatum activation for positive compared to 
negative self-evaluations were attenuated in mid- to late-adolescents compared to their 
younger and older peers.
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Linear and quadratic age effects in domain-general self-evaluation regions
The whole-brain analyses reported above only showed a significant age effect for the 
contrast positive versus negative valence traits. To explore possible linear and quadratic 
changes within domain-general self-evaluation regions, we performed exploratory age 
analyses on specific ROIs from the Self > Control contrast. Because these regions were 
interconnected and spanned several brain regions, we used a more stringent voxel level 
FWE-correction (p < 0.05) to separate the regions into separate ROIs. All coordinates for 
this analysis are reported in Table 4a. To test for developmental differences in the neural 
correlates of self-evaluations across valences and domains, we performed 2 separate 3 
(domain) x 2 (valence) ANOVAs with 1) linear age and 2) quadratic age as a covariate on 
the ROIs. Only effects including the age factor are reported.

Figure 4. A. Activity for physical > control, academic > control, and prosocial > control. B. Specific activation for 
evaluating physical trait sentences in bilateral VLPFC, bilateral IPL, bilateral ITG, PC/PCC and dmPFC. C. Specific 
activation for evaluating academic trait sentences in PC/PCC, left IPC and left DLPFC. D. Specific activation for 
evaluating prosocial trait sentences in right Lingual gyrus. All regions survived FDR-cluster correction at p<.001.
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Table 2. Regions activated during the domain contrasts
Region BA Coordinates Cluster Size T

(A) Physical > Academic & Prosocial
      (FDRc <.001 = 97)
Frontal cortex/ Sub-
cortical

R Superior Medial Frontal 
(dmPFC) OUT 3 41 34 1626 6.50
L Superior Medial Frontal 10 -3 56 13 6.26
R Superior Medial Frontal 9 0 53 31 6.10
R Middle Frontal (VLPFC) 46 51 41 13 1042 8.66
R Inferior Frontal orb 47 27 32 -14 7.10
R Insula 13 30 20 -17 6.86
L Inferior Frontal (VLPFC) 46 -42 38 10 809 8.32
L Middle Frontal 47 -27 38 -11 7.82
L Insula 13 -27 14 -17 6.89

Parietal cortex R Inferior Parietal (IPL) 39 42 -55 46 361 6.18
R Angular 39 39 -67 46 5.40
R Inferior Parietal 40 57 -40 49 3.77
L Inferior Parietal 39 -48 -55 49 354 4.98
L Inferior Parietal 39 -33 -67 43 4.94
L Inferior Parietal 39 -39 -55 43 4.93
R Posterior Cingulum 
(PC/PCC) OUT 0 -34 28 229 5.89
R Middle Cingulum 24 0 -7 34 5.57

R Precuneus (PC/PCC) 7 12 -67 40 173 5.48
L Precuneus (PC/PCC) 7 -9 -73 40 3.96

Temporal cortex L Inferior Temporal (ITG) 37 -54 -52 -17 97 5.92
R Inferior Temporal (ITG) 21 60 -43 -11 154 4.98
R Middle Temporal 21 66 -34 -8 4.83

(B) Academic > Physical & Prosocial
      (FDRc <.001 = 58)

Frontal cortex/ Sub-
cortical L Middle Frontal (DLPFC) 8 -21 29 49 85

  
4.46

L Superior Frontal 8 -12 44 46   3.68
Parietal cortex L Precuneus (PC/PCC) 23 -3 -58 16 294   6.93

L Mid Cingulum 23 -3 -43 34   4.59
L Angular (IPC) 39 -48 -73 34 58   4.93

(C) Prosocial > Academic & Physical
      (FDRc <.001 = 190)
Occipital cortex R Lingual 18 9 -79 -2 190 4.18
Names were based on the Automatic Anatomical Labeling (AAL) atlas.
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Table 3. Regions activated during the valence contrasts

Region BA Coordinates Cluster 
Size   T

(A) Positive > Negative
      (FDRc <.001 = 170)
Frontal cortex L Medial Frontal orb                                                                              

(vmPFC) 10 -3 56 -5 393 6.05
L Anterior Cingulum 32 -3 44 -2 5.47

Occipital cortex R Lingual 18 9 -82 -8 170 5.11
R Lingual 18 18 -73 -8 4.57

(B) Negative > Positive
      (FDRc <.001 = 202)
Occipital cortex L Lingual 18 -12 -76 -8 202 6.63

L Calcarine 17 -12 -79 4 5.04
Names were based on the Automatic Anatomical Labeling (AAL) atlas.

 

Figure 5. Specific activation for evaluating positive trait sentences in vmPFC and right lingual gyrus. Specific 
activation for evaluating negative trait sentences in left lingual gyrus. All regions survived FDR-cluster correction 
at p<.001.

Figure 6. In the positive > negative contrast, there was a quadratic age effect in the striatum (x=24, y=32, z=1), 
showing that mid- and late-adolescents involve less striatum activation for positive compared to negative self-
evaluations, compared to children and young adults.
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Role of importance in vmPFC activation
In mPFC, we found an interaction effect between linearly increasing age and domain (F(2, 
296) = 4.39, p = 0.013 (with RT-correction p > 0.05)) (Figure 7a). Post hoc tests reveal that 
in mPFC, activation in response to sentences in the physical domain increased linearly 
with age (p = 0.008 (with RT-correction p = 0.013)). No age effects were observed for the 
academic and prosocial domains.

Age x valence effects
In left DLPFC and left SMA we found an interaction effect of valence and quadratic age 
(DLPFC: F(1, 148) = 5.87, p = 0.017 (note that p > 0.016) (with RT-correction p = 0.019); 
SMA: F(1, 148) = 7.43, p = 0.007) (Figure 7b/c). For left DLPFC, positively valenced traits 
resulted in less pronounced activation in mid-adolescents relative to children and young 
adults. For SMA, negatively valenced trials resulted in more activation in mid- to late-
adolescents relative to children and young adults.

Discussion
In this study, we aimed to investigate the neural correlates of domain- and valence-
specific self-evaluations from late childhood, across adolescence, into early adulthood. 
Furthermore, we tested for linear and quadratic developmental patterns. The 
neuroimaging results revealed three main findings. First, we replicated prior research 
showing self-relevant neural activity in mPFC. Second, partly overlapping and partly 
distinct neural networks were involved for evaluating traits in the academic, physical 
and prosocial domains. Third, age analyses revealed an age-related increase in mPFC 
for physical self traits, and showed decreased striatum activation for positive self-
evaluations in mid- to late-adolescence, with activation in two general self-related brain 
regions (left DLPFC and SMA) mirroring this pattern. In the discussion we first summarize 
the behavioural results. Subsequently the discussion is organized along the lines of the 
main neuroimaging findings.

Figure 7. Age effects within Self > Control derived ROIs. A. mPFC activation for physical trait evaluations 
increased linearly with age. B. Less left DLPFC activation for positive trait evaluations in mid-adolescents. C. 
Stronger left SMA activation for negative trait evaluations in mid- to late-adolescents.
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Table 4. Regions activated during the Self > Control and reversed contrast

Region BA Coordinates
Cluster 

Size T
(A) Self > Control
     (FWE <.05)
Frontal cortex R Superior Medial Frontal  

                                 (mPFC) 10 6 62 13 298 7.41
L Anterior Cingulum 32 -6 44 1 6.43
L Superior Medial Frontal 10 -6 56 13 6.35
L Suppl. Motor Area 6 -6 2 67 41 6.95
R Inferior Frontal oper. 44 57 11 22 34 6.53
L Middle Frontal Gyrus 10 -27 47 31 27 5.70

Parietal cortex L Supramarginal Gyrus 40 60 -28 46 59 6.64
(B) Control > Self
     (FWE <.05)
Frontal cortex L Precentral 8 -42 8 31 259 8.44

L Inferior Frontal Tri 44 -45 20 25 7.95
L Inferior Frontal Tri 46 -51 29 19 7.66
L Middle Frontal 6 -27 14 52 53 7.30

Parietal cortex L Precuneus 7 -6 -67 46 61 5.87
L Precuneus 7 -3 -58 49 5.83

Occipital cortex L Lingual 18 -12 -85 -11 1950 11.63
R Fusiform 19 30 -79 -14 10.59
L Middle Occipital 19 -30 -88 13 10.58

Names were based on the Automatic Anatomical Labeling (AAL) atlas.

The behavioural results showed that participants were most positive about their 
prosocial traits and least positive about their academic traits. Additionally, mid- to late-
adolescents were relatively more negative about their academic traits compared to 
children and young adults. This finding extends previous studies indicating a decrease in 
academic self-concept in mid- to late-adolescents (Shapka & Keating, 2005), and shows 
that young adults recover from this decrease. Overall, the behavioural findings suggest 
that the differentiation of self-evaluations according to specific domains that arises in 
childhood (Jacobs et al., 2002), persists into adolescence (Harter, 2012). The finding that 
children, adolescents, and young adults rate themselves higher on prosocial compared 
to other domains possibly indicates that prosocial traits are important in the process of 
social reorientation (Nelson et al., 2005).

Self-, domain- and valence-specific neural activation
The primary goal of this study was to investigate neural activation patterns for general self-
evaluations spanning a broad range from childhood to young adulthood (11–21-years) 
and to test for possible domain- and valence-specific activation patterns. Consistent with 
our expectations, we found increased mPFC activation for evaluating self-traits compared 
to a baseline task (Denny et al., 2012; Murray et al., 2012; Pfeifer et al., 2013; Pfeifer et 
al., 2007; Romund et al., 2017). This has been consistently reported in studies with adult 
participants (for a meta-analysis, see Denny et al., 2012), and the current study adds to 
this literature by showing that adolescents engage this region as well for self-evaluations 
(see also Pfeifer & Peake, 2012; Romund et al., 2017).
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An important goal of this study was to test if there are domain-specific brain regions 
that are involved in processing self-traits in different domains. In line with previous 
research investigating self-concept in different domains in adults (Moran et al., 2010; van 
der Cruijsen et al., 2017), for evaluating physical trait sentences, we found activation in 
regions involved in autobiographical memory retrieval (PC/PCC: Fink et al., 1996; Northoff 
& Bermpohl, 2004; van der Meer et al., 2010), empathy, mentalizing and perspective 
taking (IPL: David et al., 2006; Ruby & Decety, 2003; Vogeley et al., 2004), and cognitive 
control and action monitoring (VLPFC, dmPFC: Crone & Steinbeis, 2017). Interestingly, 
the dorsal mPFC and VLPFC are also often involved in self- versus other-referential 
evaluations and self-monitoring (Denny et al., 2012; Murray et al., 2012; Ochsner et 
al., 2005; Schmitz et al., 2004). More specifically, dorsal mPFC has been linked to less 
relevant self-evaluations or evaluations of dissimilar others (D’Argembeau et al., 2007; 
Denny et al., 2012; Mitchell et al., 2006; Murray et al., 2012). Moreover, this region has 
been found to be activated when making mental state attributions and in the formation 
of impressions (Mitchell et al., 2006; Mitchell, Banaji, et al., 2005; Mitchell, Macrae, et al., 
2005), in mental imagery including familiar people (Hassabis et al., 2013; Szpunar et al., 
2014), and in social rejection (Achterberg et al., 2016). Therefore, one possibility is that 
when evaluating one’s physical traits, adolescents (11–21 years) might be more focused 
on (the opinions of) others compared to when evaluating one’s academic or prosocial 
traits.

For evaluating academic trait sentences, we found increased activation in the PC/PCC, 
the left IPC and the left DLPFC. These findings fit with prior studies in adults which 
showed more activation in the PC/PCC for character or academic evaluations (Moran 
et al., 2010; van der Cruijsen et al., 2017), and suggest processes of autobiographical 
(PC/PCC: Fink et al., 1996; Northoff & Bermpohl, 2004; van der Meer et al., 2010) and 
semantic (DLPFC: Badre & Wagner, 2007; Martinelli et al., 2012; Thompson-Schill et 
al., 2005) memory retrieval in evaluating one’s academic traits. These regions (PC/PCC, 
DLPFC, IPC) were activated for evaluating both physical versus academic and prosocial 
traits, and academic versus physical and prosocial traits, suggesting that these regions 
are especially less involved in evaluating prosocial traits. Moreover, when evaluating 
prosocial traits, adolescents did not engage the social brain regions that were engaged 
in a previous study in adults (R. van der Cruijsen et al., 2017). Possibly, prosocial self-
evaluations in children, adolescents and young adults rely mainly on a general self-
evaluations network and do not engage additional regions outside of this network, but 
future studies should test these developmental differences in more detail.

Interestingly, when we distinguished between positively and negatively valenced traits, it 
was observed that positive trait sentences elicited more activation in vmPFC (located in 
the anatomical medial orbital gyrus) than negative trait sentences, consistent with prior 
research in adults (Moran et al., 2006; van der Cruijsen et al., 2017). The medial part of 
the orbital gyrus has previously been linked to positive valuation processes in adults 
(Kringelbach & Rolls, 2004; Peters & Büchel, 2010). It should be noted that positively 
valenced traits were also rated as more applicable to self, so it is possible that this region 
represents self-relevance (D’Argembeau, 2013). Another notable finding was the clear 
hemispheric difference in lingual gyrus activation for positive (right lingual gyrus) and 
negative (left lingual gyrus) trait evaluations. As we are not aware of any other study 
reporting such hemispheric differences, future research is required to confirm and 
possibly explain this result.
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Age effects
An additional aim that was addressed in this study was to test whether self-evaluation 
regions showed developmental changes between ages 11 and 21 years. Previous 
behavioural studies have demonstrated pronounced changes in self-evaluation during 
this age range (Harter, 2012). In this study, we found that mPFC activation increased 
with age for evaluating physical trait sentences. These findings are consistent with other 
studies showing increased self-related mPFC activation across adolescence, although 
this was specifically observed in the social domain in a prior study (Pfeifer et al., 2013). 
Other studies using a self-reference effect paradigm also showed increases in self-related 
mPFC activation from childhood to early adolescence, and from early to late adolescence 
(Dégeilh et al., 2015; Ray et al., 2009). However, previous studies contrasting adolescent 
with adult samples showed mixed results, with some studies indicating stronger self-
related mPFC activation in children compared to adults, suggesting a decrease across 
adolescence (Pfeifer et al., 2009; Pfeifer et al., 2007), and one study reporting similar levels 
of activation for early adolescents and adults (Jankowski et al., 2014). This study adds 
to the literature by showing a linear increase in self-related mPFC activation from late 
childhood into early adulthood that is domain specific for physical traits. An interesting 
question for future studies is to test in more detail at which ages mPFC activity is more 
pronounced. The current findings show that these patterns are possibly depending on 
domain.

Finally, the whole-brain results further showed that positive relative to negative self traits 
elicited increased activity in the striatum in children and adults, and a dip in mid to late 
adolescence. Striatum activation has been implicated in self-relevance, self-relatedness, 
intrinsic value (M. de Greck et al., 2008; Enzi et al., 2009; Phan et al., 2004; Rameson 
et al., 2010; Schmitz & Johnson, 2007; Zink et al., 2003, 2004), and in salience and 
valuation associated with reward (Knutson, 2005; McClure et al., 2004). This suggests 
that positive versus negative self-descriptions are less self-relevant or salient for mid- to 
late-adolescents compared to children and young adults. The results relate to a possible 
decrease in self-evaluation, as also observed in behavioural scores in the academic 
domain. The dip for positive traits in mid-adolescence was also observed in left DLPFC, 
whereas in left SMA, there was a peak in activation for evaluating negative traits in mid- 
to late-adolescence. Together, these findings are important in the context of adolescent-
emergent depression (Giedd et al., 2008). For example, a recent study found attenuated 
striatum activation in response to positive self-descriptions in depressed adolescents, 
suggesting that this attenuation might heighten the risk for depression (Quevedo et al., 
2017). Future longitudinal research is necessary to test these relations in more detail.

Limitations and future directions
This study had several strengths including a focus on different domains and testing 
children, adolescents and young adults across the range of 11–21-years. However, 
several limitations also deserve attention. First, a limitation in this study is related to 
differences between the stimuli. The negative prosocial sentences consisted of more 
words compared to negative sentences in the other conditions, and academic positive 
sentences consisted of more words than academic negative sentences. These differences 
can possibly account for the different activation patterns in the lingual gyrus. Second, as it 
was important that participants in the control condition would read trait sentences, think 
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about the sentences, but not think about themselves, the sentences in this condition are 
slightly different in structure compared to the sentences in the self-evaluation condition 
(see Appendix A). This might be a confound in the results. Third, even though the sample 
size is large compared to prior studies, this study did not include a large group of early 
adolescents. In this period, pubertal development is most varied. Hence, our design 
was not optimized to test for puberty-specific effects. Moreover, there was not enough 
power to distinguish between age and puberty effects, as these are highly correlated. 
These are questions that can be best-captured in future longitudinal designs.

Previous research has indicated that school transitions may play a role in the development 
of self-concept in adolescents (Alfeld-Liro & Sigelman, 1998; Chung et al., 2014; Wigfield 
et al., 1991; Zanobini & Usai, 2002). Future studies could use an optimized design to 
test for nonlinear and nonquadratic age effects in order to examine the effect of school 
transitions on the neural signature of self-evaluations.

As peers become increasingly important during adolescence, and adolescents attach 
more value to the opinions of others (Harter, 2012; Sebastian et al., 2008; Steinberg & 
Morris, 2001), future studies could focus on the development of reflected self-evaluations 
as well. A prior study comparing self-evaluations in early adolescents (11–14 years) with 
self-evaluations in young adults (23–30 years), showed stronger mPFC activation for 
evaluating social traits from the perspective of friends, but for evaluating academic traits 
from the perspective of mothers (Pfeifer et al., 2009). Therefore, studies investigating 
reflected self-concept across adolescence will be important to examine domain-specific 
sensitivities in more detail.

Conclusions
We investigated developmental changes in the neural mechanisms of self-concept across 
late childhood, adolescence, and early adulthood, and we explored distinct underlying 
processes of self-evaluations in different domains. Previous research has mainly focused 
on self-related brain regions in adults (Denny et al., 2012; Murray et al., 2012), and few 
studies have looked at differences between adolescents and adults (Jankowski et al., 
2014; Pfeifer et al., 2007). In this study, we showed an increase in self-related mPFC 
activation in individuals aged between 11 and 21 years, for rating sentences in the 
physical domain. Moreover, mid- to late-adolescents show less striatum activation for 
positive self traits compared to their older and younger peers, suggesting that positive 
self-descriptions might be less salient for these adolescents. Together, these results 
highlight the importance of domain distinctions when studying self-concept development 
in late childhood, adolescence, and early adulthood.
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Supplement

Stimuli as used in the self-condition and in the control condition

Self task Control task
Academic Positive Mooie ogen hebben

Ik ben gemotiveerd op school Lage cijfers halen

Ik ben goed in het maken van toetsen Gemeen zijn tegen anderen

Ik leer graag Mollig zijn

Ik leer snel Spelfouten maken

Ik ben slim Anderen buitensluiten

Ik doe het goed op school Een gezond gewicht hebben

Ik heb mijn werk altijd op tijd klaar Netjes werken

Ik ben een harde werker Anderen pesten

Ik haal goede cijfers Ruzie maken

Ik werk zelfstandig Anderen vergeven

Academic Negative Spullen delen met anderen

Ik stel dingen uit Er moe uit zien

Ik heb veel hulp nodig op school Langzaam lezen

Ik ben lui Puistjes hebben

Ik werk sloom Ruzies oplossen

Ik ben onverstandig Tevreden zijn met je uiterlijk

Ik werk chaotisch Een goed geheugen hebben

Ik vind school moeilijk Een doorzetter zijn

Ik ben snel afgeleid Goed zijn in rekenen

Ik werk slordig

Ik ben dom

Physical Positive

Ik ben mooi

Ik zie er stralend uit

Ik ben knap

Ik heb een goed lichaam

Ik heb een mooie lach

Ik heb een goede kledingstijl

Ik zie er aantrekkelijk uit 

Ik mag blij zijn met mijn lichaam

Ik zie er goed uit

Ik heb een mooi figuur

Physical Negative

Ik ben te zwaar

Ik ben lelijk
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Ik heb een slechte huid

Ik zweet veel

Ik ben dik

Ik zie er suf uit

Ik ben onaantrekkelijk 

Ik heb overgewicht

Ik zie er onverzorgd uit

Ik heb lelijke tanden

Prosocial Positive

Ik leef met anderen mee

Ik troost anderen

Ik houd rekening met  anderen

Ik help anderen

Ik voel met anderen mee

Ik geef om anderen

Ik kom voor anderen op

Ik zorg graag voor anderen

Ik doe graag iets voor een ander

Ik deel graag met anderen

Prosocial Negative

Ik kies altijd voor mezelf

Ik laat anderen hun problemen zelf oplossen

Ik leen mijn spullen niet graag uit

Ik houd alleen rekening met mezelf

Ik denk vooral aan mezelf

Ik help anderen alleen als ik er iets voor terug krijg

Ik zorg alleen voor mezelf

Ik negeer andermans problemen

Ik help nooit een vreemde

Ik houd alles voor mezelf

Average number of words per sentence

Self task #Words
Academic Positive 4.80
Academic Negative 3.70
Physical Positive 4.80
Physical Negative 3.70
Prosocial Positive 4.70
Prosocial Negative 6.00
Control task
Control condition 2.90
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Chapter 4
Direct and reflected self-concept show 

increasing similarity across adolescence: A 
functional neuroimaging study

This chapter is published as: van der Cruijsen, R., Peters, S., Zoetendaal, K.P.M., Pfeifer, J.H., & Crone, E. 
A. (2019). Direct and reflected self-concept show increasing similarity across adolescence: A functional 

neuroimaging study. Neuropsychologia, 129, 407-417. doi:10.1016/j.neuropsychologia.2019.05.001

Abstract
In adolescence, the perceived opinions of others are important in the construction of 
one’s self-concept. Previous studies found involvement of medial Prefrontal Cortex 
(mPFC) and temporal-parietal junction (TPJ) in direct (own perspective) and reflected 
(perceived perspective of others) self-evaluations, but no studies to date examined 
differences in these processes across adolescence. In this study, 150 adolescents 
between 11 and 21 years old evaluated their traits from their own perspective and 
from the perceived perspective of peers in a fMRI session. Results showed overlapping 
behavioural and neural measures for direct and reflected self-evaluations, in mPFC, 
precuneus and right TPJ. The difference in behavioural ratings declined with age, and 
this pattern was mirrored by activity in the mPFC, showing a diminishing difference 
in activation for direct > reflected self-evaluations with increasing age. Right TPJ was 
engaged more strongly for reflected > direct evaluations in adolescents who were 
less positive about themselves, and those who showed less item-by-item agreement 
between direct and reflected self-evaluations. Together, the results suggest that the 
internalization of others’ opinions in constructing a self-concept occurs on both the 
behavioural and neural levels across adolescence, which may aid in developing a stable 
self-concept.
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Introduction
One of the main tasks in adolescence, which is defined as the age range between 
10 and 24 years (Sawyer & Azzopardi, 2018), is the development of a consistent and 
integrated self-concept (Harter, 2012). Theories of self-development have proposed 
that the internalization of perceived opinions of others about the self (reflected self-
evaluations) make an important contribution to how people define themselves (direct 
self-evaluations) (Felson, 1985; Gecas, 1982; Mead, 1934; Quarantelli & Cooper, 1966). In 
adolescence, relationships with peers (including both the actual and perceived opinions 
of peers about the self) become increasingly important (Harter, 2012; Westenberg et 
al., 2004). Moreover, improving social perspective-taking skills allow adolescents to 
realize that there is a wider, observing audience that can evaluate the self, which may 
be associated with heightened self-consciousness and a rise in concerns over social 
evaluations (Blakemore, 2012; Somerville et al., 2013; Vartanian, 1997; Vartanian & 
Powlishta, 1996). The goal of this study was therefore to gain a better understanding of 
internalization of others’ opinions into the self-concept during adolescence. Specifically, 
we tested similarity between direct and reflected self-concept at different ages across 
adolescence. Traditionally, these studies have relied on self-report, which is inherently 
sensitive to bias. In this study, we take a novel perspective by examining the accompanying 
neural correlates of self-evaluations, which may provide additional insights above self-
reports. Therefore, we used a combined behavioural and neuroimaging approach.

Neuroscientific studies on self-concept have mainly relied on paradigms in which 
participants evaluated sentences that described traits about the self (e.g. “I am smart”). 
These studies reported consistent activation in a medial regions in the prefrontal cortex 
(mPFC) during both direct and reflected self-evaluations, which was confirmed by 
several meta-analyses (Denny et al., 2012; Murray et al., 2012). Developmental studies 
that included participants of different age groups reported that activation in mPFC is 
stronger in early adolescents compared to young adults in response to both direct and 
reflected self-evaluations (Pfeifer et al., 2009; Pfeifer et al., 2007). Other studies that have 
used related paradigms, such as self-consciousness, reported that mPFC activity peaks 
in adolescence when participants are being observed by others (Somerville et al., 2013; 
van Hoorn et al., 2016). Taken together, several studies reported an important role of the 
mPFC in the development of direct and reflected self-concept, but the developmental 
patterns of these processes are not yet well understood.

During self-evaluation tasks, the mPFC is often co-activated with several other regions, 
including the posterior cingulate cortex (PCC) (Pfeifer & Peake, 2012) and the temporal 
parietal junction (TPJ). Especially the TPJ has an important role in developmental 
studies that contrasted direct and reflected self-evaluations (Pfeifer et al., 2009). More 
specifically, prior studies reported that early adolescents engage the TPJ in direct as 
well as reflected self-evaluations, whereas late adolescents and early adults only engage 
this region in reflected self-evaluations (Pfeifer et al., 2009; Veroude et al., 2014). This 
indicates that the TPJ has an important role in distinguishing other’s thoughts from one’s 
own, and in reasoning about the views of others about the self, possibly through its 
involvement in perspective-taking (Cabeza & Nyberg, 2000; Pfeifer et al., 2017). These 
previous studies compared groups of adolescents to groups of (young) adults but did 
not examine the full age range of adolescent development. The current study extends 
this research by investigating overlapping and distinct patterns of activation in response 
to direct and reflected self-evaluations across the broad range of adolescence. This 
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knowledge can aid our understanding of the ongoing developments in psychological 
processes and their underlying neurobiological profiles related to self-concept changes 
at this developmental stage.

Our two main aims were (a) to determine overlapping and distinct patterns of behavioural 
and neural measures of direct and reflected self-concept, and (b) to test how these 
patterns would differ between younger and older adolescents. For this purpose, 
participants evaluated themselves on positive and negative traits in three domains 
(physical, academic, prosocial), both from their own perspective and from the perceived 
perspective of their peers. Most previous studies contrasted direct with reflected self-
concept measures on the task level. However, similarity of the average positivity of direct 
and reflected self-evaluations, does not imply that individual traits are judged similarly in 
both conditions as well. Investigating item-by-item consistency will provide more detailed 
information regarding similarity in direct and reflected self-evaluations. Therefore in this 
study we aimed to investigate the overlap of direct and reflected self-concept across 
adolescence on both the task-level (average positivity of direct and reflected self-
evaluations), and the item level (item-by-item correlation between direct and reflected 
self-evaluations).

Regarding our first aim (determine similarities and differences in behavioural and neural 
patterns of direct and reflected self-concept), we expected that behaviourally, direct- 
and reflected self-ratings (on both the task- and the item level) would be strongly related 
to one another. On the neural level, we expected similarity in activation especially in 
mPFC (Denny et al., 2012; Jankowski et al., 2014; Pfeifer et al., 2009; Pfeifer et al., 2017) 
and TPJ (Pfeifer et al., 2009). Our second aim was to study how these patterns of overlap 
and distinction would differ between younger and older adolescents, and whether these 
would reflect a pattern indicating internalization of (perceived) opinions of others about 
the self. More specifically, we expected that behavioural ratings (on the task- and item 
level) and mPFC activation for direct and reflected self-evaluations would become more 
similar with age (Felson, 1985; Gecas, 1982; Harter, 2012; Quarantelli & Cooper, 1966). 
TPJ activation was expected to increasingly differentiate between direct and reflected 
self-evaluations (Pfeifer et al., 2009; Veroude et al., 2014).

An additional goal was to explore whether individual differences in positivity of direct 
and reflected self-evaluations were related to patterns of neural activation for direct 
and reflected self-concept. A previous study showed stronger ventrolateral PFC (vlPFC) 
activation in anxious adolescents who estimated that they were more positive about 
fictional peers than fictional peers would be about them (Smith et al., 2018). Interestingly, 
a study in adults showed a negative relationship between mPFC activation during positive 
self-evaluations and behavioural positivity of self-ratings, such that mPFC activation was 
stronger in adults who on average evaluated themselves more negatively (Pauly et al., 
2013). In the current study we specifically tested whether the degree of neural overlap 
between direct and reflected self-evaluations in mPFC and TPJ was associated with 
positivity of behavioural self-concept ratings on the task level, and with item-by-item 
consistency on the item level.
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Methods

Participants
This study was part of the larger Leiden Self-Concept study, of which the direct self-
concept data have previously been reported (R. van der Cruijsen et al., 2017). A total 
of 160 healthy adolescents participated. All participants were right-handed, reported 
normal or corrected-to-normal vision, and were not diagnosed with any neurological 
or psychiatric impairments. Ten participants were excluded due to excessive head 
movements during the fMRI scans (more than 3 mm total, n = 8), not completing the 
scan (n = 1), and a technical error (n = 1). Excluded participants were four 11-year-olds, 
two 12-year-olds, three 13-year-olds, and one 14-year old. The resulting sample of 150 
participants aged between 11 and 21 years (mean age = 15.7, SD = 2.9) was used in all 
analyses (see Table 1 for the number of participants per age group and sex). Within 
this group, 95.3% (n = 143) were born in the Netherlands. All participants born outside 
of the Netherlands reported Dutch or European heritage. In total, 29 participants had 
one (n = 25) or both (n = 4) parents born outside of the Netherlands, with most of these 
individuals born in other European countries (58%). Participants’ parents were asked to 
report their gross annual family income with 6% declining to disclose. Eleven families 
(7.3%) reported earning less than €31.000 annually, whereas 33.3% reported a gross 
annual income larger than €76.000.

IQ scores were estimated with two subtests of the WISC-III or WAIS-III (Similarities and 
Block Design). Scores ranged between 80.0 and 137.5 (M = 110.30, SD = 11.06), and IQ 
did not correlate with age (r = 0.007, p = .934). All participants and both parents of minors 
signed informed consent before inclusion in the study. This study, titled: ‘The neural 
signature of self-concept development in adolescence’ (NL54510.058.16) was approved 
by the Medical Ethics Committee (CME) of the Leiden University Medical Centre (LUMC). 
Prior to the scan session, participants were screened for MRI contra-indications and 
self-reported psychiatric diagnoses or usage of psychotropic medication. All scans were 
viewed by a radiologist and no clinically relevant findings were observed.

Table 1. Number of participants per age group and sex
Age (Years) Females Males Total 
11 8 6 14
12 6 8 14
13 7 6 13
14 7 7 14
15 10 6 16
16 8 7 15
17 9 8 17
18 8 7 15
19 8 8 16
20 8 7 15
21 1 0 1
Total 80 70 150

Task description
In the fMRI task, participants were presented with short sentences describing positive 
or negative traits in the academic, physical, or prosocial domain (Figure 1). The task 
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consisted of two experimental conditions (the direct self-evaluation condition, and the 
reflected self-evaluation condition), and a control condition. The direct self-evaluation 
condition and the control condition have been described before (R. van der Cruijsen, 
Peters, van der Aar, et al., 2018), whereas the reflected self-evaluation condition is a 
novel condition. In both conditions, participants responded to 60 trait sentences (e.g. ‘I 
am smart’, ‘I am unattractive’). In the direct self-evaluation condition, participants were 
asked to indicate to what extent the trait sentences applied to them on a scale of 1 (‘not 
at all’) to 4 (‘completely’). In the reflected self-evaluation condition, the same sentences 
were preceded by the words: ‘Peers think that … ‘. Morphed pictures of unknown same-
aged peers were shown during these trials to remind participants to take their peers’ 
perspective while evaluating their traits. In both conditions, participants could indicate to 
what extent the traits applied to them by pressing buttons with the index to little finger of 
their right hand. Twenty trait sentences were shown for each domain; ten with a positive 
valence and ten with a negative valence. In the control condition, all response demands 
were the same, except that in this condition participants were asked to categorize other 
trait sentences according to four categories: (1) school, (2) social, (3) appearance, or (4) 
I don’t know. Twenty trait sentences were shown in this condition; ten with a positive 
valence and ten with a negative valence.

Participants completed the three conditions in separate runs, and the order of the runs 
was counterbalanced between participants. Within the runs, trials were presented in a 
pseudorandomized order with regard to domains. Each trial began with a 400 ms fixation 
cross. Subsequently, the stimulus was presented for 4600 ms, which consisted of the 
trait sentence and the response options (1–4). Within this timeframe, participants could 
respond to the sentence. To assure participants that their choice had been registered, 
the number they chose turned yellow for the remaining stimulus time. If the participant 
failed to respond within the 4600 ms, they were shown the phrase ‘Too late!’ for 1000 ms. 
These trials were modelled separately and were not included in the analysis. Too late 
responses occurred on 1.1% of the trials in the Direct condition, on 1.7% of the trials 
in the Reflected condition, and on 0.7% of trials in the control condition. The trial-order 
was optimized using Optseq (Dale, 1999). Additionally, OptSeq was used to add jittered 
intertrial intervals, which varied between 0 and 4.4 s.

We investigated our aims about behavioural similarity between direct and reflected 
evaluations on the task-level and on the item-level. To investigate our aims on the task-
level, negative items on the direct- and the reflected self-evaluation task were reverse 
coded. Subsequently, scores of positive and negative items for both conditions separately 
were combined, resulting in an average positivity score for each condition, with higher 
scores indicating more positive evaluations of the self. To investigate our aims on the 
item-level, we created a measure of agreement by calculating item-by-item correlations 
for the direct and reflected task within each participant (Pfeifer et al., 2017). Next, we 
correlated both measures (the average positivity, and the item-by-item agreement) to 
age and neural activation.
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Figure 1. Example of a trial in the Direct, Reflected, and the Control condition. Each trial started with a black 
screen with a jittered duration between 0 and 4400ms. Subsequently, a fixation cross was shown for 400ms 
after which the stimulus appeared. In the Direct and Reflected conditions, participants rated on a scale of 
1 to 4 to what extent the traits described themselves (from their own perspective or their perceived peers’ 
perspective, respectively). In the Control condition, participants categorized the trait sentences into one of four 
options. The stimulus was shown for 4600ms. If participants responded within this timeframe, the number of 
their choice would turn yellow. If participants failed to respond within this timeframe, a screen with the phrase 
‘Too Late!’ was shown for an additional 1000ms after which the next trial would start.

fMRI data acquisition
MRI scans were acquired on a Philips 3T MRI scanner, using a standard whole-head coil. 
Functional scans were acquired in three runs with T2*-weighted echo-planar imaging 
(EPI) sequence (TR = 2200 msec, TE = 30 msec, sequential acquisition, 37 slices of 
2.75 mm, FOV = 220 × 220 × 111.65 mm). To account for T1 saturation, the first two 
volumes were discarded. After the functional scans, a high-resolution 3D T1-FFE scan for 
anatomical reference was obtained (TR = shortest msec, TE = 4.6 msec, 140 slices, voxel 
size = 0.875 mm, FOV = 224 × 178.5 × 168 mm). Sentences were projected on a screen 
behind the scanner and could be seen by the participant via a mirror attached to the 
head coil. Head movement was restricted by placing foam inserts inside the coil.

fMRI preprocessing and statistical analysis
All data were analysed using SPM8 (Wellcome Department of Cognitive Neurology, 
London). The functional scans were corrected for slice-timing acquisition and differences 
in rigid body movement. All structural and functional volumes were spatially normalized 
to T1 templates. The normalization algorithm used a 12-parameter affine transformation 
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together with a nonlinear transformation involving cosine basis functions. The algorithm 
resampled the volumes to 3 mm cubic voxels. Templates were based on the MNI305 
stereotaxic space (Cocosco et al., 1997). Functional volumes were spatially smoothed 
with a 6 mm FWHM isotropic Gaussian kernel.

Task effects for each participant were estimated using the general linear model in SPM8. 
The fMRI time series were modelled as a series of zero duration events convolved with 
the hemodynamic response function (HRF). Modelled events of interest for the Direct 
condition were “Direct-Academic-Positive”, “Direct-Academic-Negative”, “Direct-Physical-
Positive”, “Direct-Physical-Negative”, “Direct-Prosocial-Positive” and “Direct-Prosocial-
Negative”. The same events were modelled for the Reflected condition. For the Control 
condition, only one event of interest was modelled: “Control” (collapsed across domains 
and valences). Trials for which participants failed to respond in time were modelled as 
events of no interest. The events were used as covariates in a general linear model, along 
with a basic set of cosine functions that high-pass filtered the data. Six motion regressors 
were added to the model. The resulting contrast images, computed on a subject-by-
subject basis, were submitted to group analyses.

To investigate our neuroimaging aims, we first performed two whole-brain one 
sample t-tests for the contrasts Direct > Control and Reflected > Control, followed by 
a conjunction analysis. The direct-evaluation trials and the reflected-evaluation trials 
were collapsed across domains and valences, and compared to the control trials. To 
test for possible age effects, we performed whole-brain regressions for the contrasts 
Direct > Control, Reflected > Control, and (Reflected-Control) > (Direct-Control), using 
age as a linear and quadratic covariate. Additionally, as reaction times decreased with 
age (r(148) = −0.27, p = .001), we used average reaction times as a control covariate in 
these analyses. For these analyses, we applied FDR cluster level correction (p < .05) at 
an initial uncorrected threshold of p < .001, as implemented in SPM8. All uncorrected 
t-maps can be found on NeuroVault (https://neurovault.org/collections/OEVTWRGL/). 
These maps also include analyses on gender differences, and analyses controlled for 
gender.

Next, we used the Marsbar ROI toolbox to create 3 ROIs, consisting of 8 mm spheres: 
mPFC (x = −6, y = 50, z = 4), right TPJ (x = −53, y = −59, z = 20), and left TPJ (x = 56, 
y = −56, z = 18). All three ROIs were based on recent meta-analyses of self-referential 
processing for mPFC (left-lateralized; Denny et al., 2012), and TPJ for perspective taking 
processes (Schurz et al., 2014). Parameter estimates were extracted from these ROIs. 
In all three ROIs, we first calculated the activation levels for all 1) direct and 2) reflected 
trials (domains and valences collapsed) versus the control trials. Next, to investigate 
to what extent activation for these types of self-evaluations were similar across the 
whole sample, we correlated the activation for Direct > Control and Reflected > Control 
within each ROI. Finally, we investigated whether activation elicited by both types of 
self-evaluations becomes more similar as adolescents get older, and with performance 
(average positivity and item-by-item agreement). For this purpose, we calculated the 
difference in activation for Reflected > Control and Direct > Control, such that positive 
activation indicated stronger activation for reflected self-evaluations, negative activation 
indicated stronger activation for direct self-evaluations, and zero activation would mean 
similar activation for both types of self-evaluations. We then correlated this difference 
score with age, and with positivity scores.
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Results
Behavioural results
Behavioural overlap direct and reflected self-evaluations
On the task-level, we compared positivity scores for direct and reflected self-evaluations 
across the whole sample. A paired samples t-test showed that participants were 
significantly more positive about themselves from their own perspective (M = 3.07, 
SD = 0.29) compared to from the perspective of their peers (M = 3.03, SD = 0.31) 
(t(149) = 2.8, SE = 0.01, d = 0.23 p = .006), but the correlation between average positivity 
scores for direct and reflected self-evaluations was high (r(148) = 0.87, p < .001) (Figure 
2a).

On the item-level, we compared positivity scores for direct and reflected self-evaluations. 
To do so, we created a measure of agreement by calculating item-by-item correlations 
for the direct and reflected task within each participant. The average item-by-item 
correlation was 0.66 (SD = 0.18, range: 0.08 to 0.95), which indicated generally strong 
item-item correlations within individuals.

Next, we investigated how the difference between ratings on both types of self-evaluations 
would be different for adolescents of different ages. On the task-level, a difference score 
was calculated for average positivity of Reflected minus Direct self-traits. This difference 
score showed a positive correlation with age, such that the difference score was negative 
in early adolescence and approached zero for older participants (r(148) = 0.22, p = .008). 
This indicated that the average positivity of Direct and Reflected self-evaluations becomes 
more similar with age (Figure 5a and b). Separate correlations of Direct and Reflected 
self-evaluations with age were not significant (Direct: r(148) = -0.065, p = .43; Reflected: 
r(148) = 0.049, p = .55). On the item-level, we found a positive correlation of the degree 
of agreement on an item-by-item basis with age (r(148) = 0.269, p < .001) (Figure 2b). 
This correlation demonstrated that older participants showed more agreement for 
direct and reflected items.

Figure 2. Behavioural ratings on the direct and reflected self-evaluation tasks. A. On the task-level, there is 
a high correlation (r = .87) between average positivity scores on the direct and reflected self-evaluation task. 
B. On the item-level, the item-by-item agreement for direct and reflected self-evaluations increases with age.
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fMRI results
Whole brain analyses
Neural overlap direct and reflected self-evaluations
In order to test which brain regions were generally involved in self-evaluations, we conducted 
two whole-brain one-sample t-tests for Direct > Control and Reflected > Control. 
Both types of self-evaluation elicited a similar activation pattern, with involvement of 
the mPFC, bilateral supramarginal gyrus, left dorsolateral prefrontal cortex (DLPFC), 
precuneus/posterior cingulate cortex (PC/PCC), and left supplementary motor area 
(SMA) (Table 2; Figure 3). To confirm similar activation in these regions, we performed 
a conjunction analysis on the Direct > Control and Reflected > Control contrasts. This 
analysis revealed significant activation elicited by both conditions in mPFC, right TPJ 
(supramarginal gyrus), bilateral DLPFC, right ventrolateral PFC (VLPFC), precuneus/PCC, 
and left SMA (Supplementary Table 1; Supplementary Figure 1). To test for differences in 
brain activation for direct versus reflected self-evaluations, we conducted a whole-brain 
one-sample t-tests for the contrasts (Direct-Control) > (Reflected-Control) and (Reflected-
Control) > (Direct-Control). The contrast (Direct-Control) > (Reflected-Control) resulted in 
bilateral calcarine gyrus extending into the hippocampus, and bilateral insula activation 
(Table 3a; Figure 4a), whereas the contrast (Reflected-Control) > (Direct-Control) resulted 
in activation in and calcarine gyrus extending into fusiform gyrus (Table 3b; Figure 4b). 
Results were similar when gender was included as a covariate of no interest. For all 
t-maps and additional t-maps for (Reflected-Control) > (Direct-Control) corrected for 
gender, see https://neurovault.org/collections/OEVTWRGL/.

Figure 3. Similar activation pattern in the contrasts Direct > Control and Reflected > Control. Common 
activation in mPFC, bilateral supramarginal gyrus, left DLPFC, PC/PCC, and left SMA.

To test for possible age effects, we performed whole-brain regressions for the contrasts 
Direct > Control, Reflected > Control, and (Reflected-Control) > (Direct-Control), using 
age as a linear and quadratic covariate, and controlling for average reaction times. Two 
regions survived FDR-cluster correction at p < .05. First, there was a linear age effect in 
the dorsomedial PFC (dmPFC; x = −21, y = 50, z = 46/x = 3, y = 41, z = 58; cluster size = 77) 
(see Figure 5c). Second, there was a quadratic age effect in the anterior cerebellum 
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(x = −6, y = −46, z = −14; cluster size = 159) in the contrast (Reflected-Control) > (Direct-
Control) (see Supplementary Figure 2). Results were similar when gender was included 
as a covariate of no interest. For the t-maps and additional t-maps for (Reflected-
Control) > (Direct-Control) x age (linear and quadratic) corrected for gender, see https://
neurovault.org/collections/OEVTWRGL/.

Table 2. Regions activated during the Direct > Control and Reflected > Control contrast
Region BA Coordinates

Direct>Con
FDRc = 68

Cluster 
Size 

Direct

T 
Direct

Coordinates
Reflected>Con

FDRc = 60

Cluster 
Size 

Reflected

T 
Reflected

Frontal/ 
Subcortical

R Superior 
Medial (mPFC) 10 6 62 13 1181 7.50 6 59 13 1286 7.39

L Superior 
Medial/ Anterior 
Cingulum

-6 44 1 6.85 -9 56 13 7.35

L Superior Medial -6 56 13 6.14 -6 59 4 7.32
L Mid Frontal 10 -24 50 28 164 5.33 -27 47 31 163 5.96
L Sup Frontal -21 44 40 4.79
L Mid Frontal -39 44 19 3.35
R Inferior Frontal 44 57 11 22 224 6.57
R Inferior Frontal 54 11 4 4.42
R Superior 
Temporal Pole

54 5 -2 4.37

R Superior 
Frontal

21 -1 52 88 4.02

R Superior 
Frontal

24 11 61 3.94

R Superior 
Frontal

18 2 64 3.84

L Supplementary 
Motor Area (SMA)

6 -6 2 67 90 6.31 -6 2 67 131 7.17

L Insula 44 -42 8 4 242 4.69
L Superior 
Temporal

-48 -16 4 4.45

L Superior 
Temporal Pole

-51 5 -2 4.14

Parietal R Supramarginal 40 60 -28 46 458 6.61 57 -28 49 537 6.40
R Inferior Parietal 51 -46 55 5.26 54 -43 55 5.46
R Inferior Parietal 
/ Angular

51 -55 34 3.66 45 -43 49 5.34

L Supramarginal 
/ Inferior Parietal

39 -66 -40 34 82 4.25 -57 -52 37 115 4.25

L Supramarginal -54 -31 31 3.73 -66 -46 34 3.86
L Inferior Parietal -57 -52 40 3.65
L Posterior 
Cingulum (PC/
PCC)

23 -9 -52 28 68 4.68 -9 -52 31 121 5.93

R Posterior 
Cingulum

9 -49 28 4.01

Occipital L Mid Occipital -27 -100 10 60 6.25
R Lingual 18 3 -79 -2 710 14.20

Names were based on the Automatic Anatomical Labeling (AAL) atlas.
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Region of interest analyses
Our main regions of interest, mPFC and bilateral TPJ, appeared in the above contrasts 
in large clusters. To ensure that we continued our analyses in independently defined 
regions, we constructed three 8 mm spheres based on recent meta analyses on self-
concept (mPFC: Denny et al., 2012) and perspective taking (TPJ: Schurz et al., 2014). Next, 
parameter estimates were extracted from these ROIs (see methods section).

Neural overall direct and reflected self-evaluations
We investigated whether the behavioural results described above (more similarity 
with increasing age in direct and reflected self-concept) were mirrored in neural 
activation. On the task-level, we started by testing the correlations between activation 
for Direct > Control and Reflected > Control. These were positively correlated in all 
three ROIs: mPFC (r(148) = 0.79, p < .001), right TPJ (r(148) = 0.74, p < .001), and left TPJ 
(r(148) = 0.75, p < .001).

To investigate age-related differences in this neural overlap on the task-level, we calculated 
the difference scores in neural activation for Reflected > Control minus Direct > Control 
for each ROI and individual, and correlated these neural difference scores with age. 
The neural difference score in the mPFC correlated negatively with age (r(148) = 0.20, 
p = .015) (Figure 5d), indicating that the difference in mPFC activation between Direct 
and Reflected self-ratings decreased for older adolescents. The correlation of the neural 
difference scores with age was not significant for left or right TPJ (both p-values > .35), 
neither were the separate correlations of left or right TPJ activation with direct or reflected 
self-evaluation with age (all p-values > .34).

 

Figure 4. Whole-brain one-sample t-tests for the contrasts (Direct-Control) > (Reflected-Control) and 
(Reflected-Control) > (Direct-Control). 

Brain-behaviour correlations
Last, we tested how activation of key regions in direct and reflected self-evaluations 
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(mPFC and TPJ) were related to behaviour on the task-level. For this purpose, we 
correlated the neural difference scores for Reflected > Control minus Direct > Control 
for each ROI with the average behavioural direct and reflected positivity ratings, and 
with the difference between these two ratings. We found a negative correlation between 
the neural difference score in the right TPJ and both direct (r(148) = −0.260, p = .001) 
and reflected (r(148) = −0.295, p < .001) positivity-ratings (Figure 6a). This demonstrated 
that adolescents who were more positive about themselves expressed relatively more 
right TPJ activation for direct compared to reflected self-evaluations, whereas for 
adolescents who are less positive about themselves, this pattern was reversed. The 
correlation between the neural difference scores and the average positivity ratings was 
not significant for left TPJ and mPFC (all p-values > .16).

To investigate the relationship between brain activation in these regions and 
behaviour on the item-level, we correlated the neural activation for Direct > Control, 
Reflected > Control, and the neural difference score as described above with the item-
by-item agreement. As the item-by-item agreement correlated with age, we conducted 
partial correlations, corrected for age. Results showed that when there was less item-
by-item agreement, there was more right TPJ activation during reflected self-evaluations, 
both compared to the control baseline (r(148) = −0.18, p = .029) and compared to direct 
self-evaluations (r(148) = −0.17, p = .040) (Figure 6b). The correlation between the neural 
activations and the item-by-item agreement was not significant for left TPJ and mPFC (all 
p-values > .63).

Table 3. Regions activated during the (Direct-Control) > (Reflected-Control) and 
(Reflected-Control) > (Direct-Control) contrast

Region BA Coordinates Cluster Size T 
A. (Direct-Control) > (Reflected-Control) 
     FDRc = 314
Frontal/ L Insula 13 -42 -13 10 788 5.11
Subcortical L Postcentral 1 -60 -16 19 4.94

L Insula 1 -36 -16 19 4.84
R Insula 13 45 -10 10 327 4.83
R Putamen 49 30 -1 1 4.49
R Insula 13 45 2 -5 4.35

Occipital L Calcarine 23 -24 -61 7 352 6.35
L Cuneus 18 -12 -79 28 5.45
L Hippocampus -33 -43 1 4.15
R Calcarine 23 24 -61 7 314 5.94
R Calcarine 18 18 -67 16 5.62
R Cuneus 19 12 -79 31 5.38

B. (Reflected-Control) > (Direct-Control) 
     FDRc = 4992
Occipital L Calcarine 18 0 -82 -5 3809 21.02

R Superior Occipital 18 24 -94 13 11.46
L Fusiform 19 -36 -70 -17 9.82

Names were based on the Automatic Anatomical Labeling (AAL) atlas.
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Figure 5. A. On the task-level, the difference in average positivity scores between direct and reflected 
self-evaluations decreases with age. B. Positivity of direct and reflected self-evaluations across age. C. The 
difference in neural activation in dmPFC (whole-brain) in response to direct and reflected self-evaluations 
declines with age. D. The difference in neural activation in the mPFC ROI in response to direct and reflected 
self-evaluations declines with age.

Figure 6. The relationship between right TPJ activation and behaviour. A. On the task-level, results show 
differential engagement of the right TPJ based on positivity of direct and reflected self-evaluations. B. On the 
item-level, results show more right TPJ engagement during reflected self-evaluations when there is less item-
by-item agreement.
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Discussion
This study aimed to investigate the overlap and distinction between direct and reflected 
self-evaluations across adolescence (11–21-years). For this purpose, we followed two 
approaches: 1) determine overlapping and distinct patterns of neural correlation at 
the group level using conjunction and contrast analyses, and 2) exploring individual 
differences, by correlating the behavioural and neural measures regarding self-
evaluations from one’s own and another’s perspective. Additionally, we investigated our 
aims on the task-level (using average positivity scores for each participant) and on the 
item-level (using item-by-item correlations for direct and reflected evaluations within 
participants). We organized the discussion along these main findings.

Behavioural ratings on direct and reflected self-evaluations
An important question in self-development, is the extent to which describing the self 
from direct and reflected perspectives is integrated (Felson, 1985; Gecas, 1982; Mead, 
1934; Quarantelli & Cooper, 1966). This study addressed this question first by studying 
similarity in evaluation scores. Importantly, there was a strong correlation between 
average positivity scores (task-level) for direct and reflected self-evaluations, meaning 
that when someone was positive about him or herself when evaluating traits from their 
own perspective, they were likely to be positive about themselves from the perceived 
perspective of their peers as well. Similar results were found on the item-level: the average 
item-by-item correlation for direct and reflected self-evaluations was moderately strong. 
These results suggest that the measures of direct and reflected self-concept are strongly 
overlapping on both the task- and the item-level (Bouchey & Harter, 2005; Hergovich et 
al., 2002; Shrauger & Schoeneman, 1979). In addition to these overlapping ratings, the 
results also showed that adolescents were generally more positive about themselves 
when they evaluated their traits from their own perspective than when they did so from 
the perceived perspective of their peers.

An important goal was to investigate age-related patterns in the overlap between direct 
and reflected self-evaluations. The difference in average positivity between direct and 
reflected self-evaluations was largest in young adolescents, and declined during the 
adolescent period. Thus, young adolescents were more positive about themselves 
when they evaluated their traits from their own perspective versus from the perceived 
perspective of their peers, whereas older adolescents were equally positive about 
themselves from both perspectives. Additionally, consistent with the notion of more 
integration between direct and reflected self-evaluations, item-by-item agreement also 
increased with age. Together, as hypothesized the behavioural results suggest that the 
process of internalizing others’ opinions in the own concept of self already starts in 
childhood (i.e. strong overlap between direct and reflected self-evaluations in the whole 
group) (Felson, 1989; Harter, 2012), but further continues throughout adolescence (i.e. 
stronger overlap in older adolescents).

Neural activation for direct and reflected self-evaluations
This study had the objective to complement findings from self-report behavioural 
measures with neural activity measures. The combined approach is expected to 
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provide more insight in the underlying psychological and neural processes. We first 
addressed the question whether there were differences in the neural correlates of 
direct and reflected self-evaluations across the whole group. We found overlapping 
neural activation in mPFC, precuneus/PCC, bilateral DLPFC, and right TPJ (supramarginal 
gyrus). All these regions have often been found to be involved in evaluating one’s traits 
(Denny et al., 2012; Moran et al., 2010; van der Cruijsen et al., 2017). Specifically, mPFC 
is thought to reflect self-relevance (D’Argembeau, 2013; Denny et al., 2012), whereas 
TPJ activation has been related to taking the perspective of others (Schurz et al., 2014). 
Although activation in precuneus/PCC is consistently found in studies investigating self-
concept, its function within this context is still unclear. Perhaps this region activates 
autobiographical memory processes (Fink et al., 1996; Northoff & Bermpohl, 2004; van 
der Meer et al., 2010). Alternatively, activation within this region may reflect mentalising 
processes such as thinking about self and others in social contexts, or comparing self to 
others (Cavanna & Trimble, 2006; Kedia et al., 2013; Swencionis & Fiske, 2014). DLPFC 
activation might reflect semantic memory retrieval (Badre & Wagner, 2007; Martinelli 
et al., 2012; Thompson-Schill et al., 2005), or higher order cognitive functions such 
as self-regulation (Coutlee & Huettel, 2012; Sanfey et al., 2003). Our results indicate 
that adolescents engage the above described processes when evaluating themselves 
from both their own and the reflected perspective. Future studies should examine the 
differential contribution of this network in more detail by relating the neural patterns 
to behavioural measures. The neural overlap for self-evaluations from one’s own and 
a reflected perspective is consistent with a previous study that found no differences 
between neural activity elicited by direct and reflected self-evaluations in adolescents, 
although the two conditions differed in adults (Pfeifer et al., 2009).

Despite these overlapping activation patterns, some neural differences between 
conditions emerged. That is, we found stronger activation in bilateral insula for direct 
compared to reflected self-evaluations (Ochsner et al., 2005). Previous studies showed 
stronger insula activation for evaluating the self compared to a public-other, but 
comparable insula activation for self and a close-other (Murray et al., 2012). The insula has 
been found to be activated in self-referential tasks with emotional components (Pfeifer 
& Peake, 2012), and a study in adults showed stronger insula activation in response to 
positive compared to negative trait evaluations (R. van der Cruijsen et al., 2017). Positive 
traits are generally rated as more self-relevant than negative traits (D’Argembeau, 2013). 
Hence, this finding suggests that evaluating the self from one’s own perspective might be 
more self-relevant, compared to evaluations of the self from a peer’s perspective (Moore 
et al., 2014). In addition, we found stronger activation for direct compared to reflected 
self-evaluations in the calcarine gyrus extending into the hippocampus, which might be 
due to the greater consultation of one’s own memory when evaluating the self from 
one’s own perspective. In contrast, for reflected compared to direct self-evaluations, we 
found stronger activation in the calcarine gyrus extending into the fusiform gyrus, which 
is possibly due to the visual differences between two runs (i.e. the presence of faces in 
the reflected task) (Kanwisher et al., 1997; McCarthy et al., 1997; Wilms et al., 2010).

Age differences in neural activation for direct and reflected 
self-evaluations
We investigated whether the age differences in the congruence of direct and reflected 
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self-evaluations on the behavioural level would be mirrored on the neural level. Whole-
brain results showed that the difference in dmPFC activation strength for direct versus 
reflected self-evaluations diminished across age. This pattern was mirrored in the ROI 
analysis testing a more ventral part of the mPFC. Young adolescents showed stronger 
(d)mPFC activation when they evaluated their traits from the perceived perspective of 
their peers versus their own perspective, whereas older adolescents showed similar 
activation levels for self-evaluations from both perspectives. This neural pattern matches 
the behavioural pattern in the sense that both behavioural ratings and mPFC activation 
for the two types of self-evaluation get increasingly similar with age.

Several hypotheses emerge from these findings. First, our results may indicate 
behavioural as well as neural indicators of the internalization of others’ opinions into 
the self-concept (Felson, 1985; Gecas, 1982; Harter, 2012; Quarantelli & Cooper, 1966). 
Second, the amount of value attached to the opinions of others decreases from early 
to late adolescence and adulthood (Knoll et al., 2015). The behavioural discrepancy 
in younger adolescents between direct and reflected self-evaluations may therefore 
also result of young adolescents caring greatly about the opinions of their peers. The 
stronger similarity between direct and reflected self-concept could be explained by older 
adolescents attaching less value to their peers’ opinions (Knoll et al., 2015). Related to 
this, mPFC activation has been thought to reflect personal significance of self-related 
stimuli (D’Argembeau, 2013). These results might indicate that reflected self-evaluations 
are more personally significant to early adolescents, whereas in late adolescence, direct 
and reflected self-evaluations are equally significant to the self. Third, across adolescence, 
individuals develop an increasingly clear and coherent identity and self-concept (Côté, 
2009; Harter, 2012). As one’s own identity gets clearer, it is more likely that individuals 
assume that their peers will recognize this and will evaluate them accordingly, which 
would explain the increasing congruency between direct and reflected self-evaluations.

Our results showed similar TPJ activation for direct and reflected self-evaluations, and no 
differences in TPJ activation between adolescents of different ages. This indicates that 
younger as well as older adolescents recruit the TPJ when evaluating themselves from 
both their own and their peers’ perspective. This contradicts previous studies showing 
TPJ activation only for reflected self-evaluations in late adolescents and adults (Pfeifer 
et al., 2009; Veroude et al., 2014), but for both direct and reflected self-evaluations in 
early adolescents (Pfeifer et al., 2009). Possible developmental trajectories should be 
more thoroughly investigated in studies using longitudinal designs, preferably including 
early adults as well. One possible interpretation for this finding is that the TPJ is more 
strongly related to individual differences between adolescents, rather than to general 
age-patterns. This interpretation is described in more detail in the next section.

Relationship between neural activation and behavioural 
ratings
Finally, we explored individual differences in neural responses to direct and reflected 
self-evaluations by testing how activation of key regions in direct and reflected self-
evaluations (mPFC and TPJ) were related to the behavioural average positivity scores. On 
the task-level, the results indicated differential engagement of the right TPJ in adolescents 
who were relatively more positive about themselves compared to adolescents who were 
relatively more negative about themselves. More specifically, adolescents who were 
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more positive about themselves expressed relatively stronger right TPJ activation for 
direct versus reflected self-evaluations, whereas adolescents who were less positive 
about themselves showed relatively stronger right TPJ activation for reflected compared 
to direct self-evaluations. Two possible hypotheses emerge from these findings. First, 
perhaps the relatively stronger right TPJ activation for direct versus reflected self-
evaluations in adolescents who are more positive about themselves is related to these 
adolescents taking the perspectives of others into account when engaging in direct 
self-evaluations (Schurz et al., 2014). Second, the relatively stronger right TPJ activation 
for reflected versus direct self-evaluations in adolescents who are less positive about 
themselves might be due to these adolescents being more concerned about the opinions 
of others compared to adolescents who are more positive about themselves.

On the item-level, results demonstrated that adolescents who show less item-by-item 
agreement, show stronger right TPJ activation during reflected self-evaluations, both 
compared to the control baseline and compared to direct self-evaluations. Here we 
replicate a recent study in Chinese young adults reporting greater engagement of the 
right TPJ during reflected academic self-appraisals in participants with lower agreement 
scores on direct and reflected self-evaluations (Pfeifer et al., 2017). Hence, the current 
study supports the suggestion of Pfeifer et al. (2017) that right TPJ activation facilitates 
the reasoning about others’ thoughts about the self (Saxe, 2010) as taking another’s 
perspective may be a more demanding task when others’ opinions differ from one’s own. 
Alternatively, stronger right TPJ activation during reflected self-evaluations in adolescents 
who show more incongruence between direct and reflected self-evaluations may reflect 
more thoughtful consideration of the opinions of one’s peers, especially when they differ 
from one’s own opinions. Future studies should aim to further investigate these theories.

Limitations and future directions
This study has characterized patterns of direct and reflected self-evaluations in 
adolescence using a large sample size across a large age range. Nevertheless, several 
limitations need to be acknowledged. One limitation lays within the addition of pictures of 
unfamiliar others in the reflected self-evaluation condition. These pictures were added in 
order to remind participants to actually take the perspective of their peers during these 
trials (see also van Hoorn et al., 2016). The age comparisons were not affected by this 
manipulation given that all participants of all ages were presented with the same stimuli. 
However, the addition of these pictures might confound the comparison between direct 
and reflected self-evaluations: processing others’ faces may induce neural activation 
beyond the task manipulation of evaluating others’ opinions about the self, such as 
neural activation for processing pictures of peers.

Although the sample size in this study is large compared to prior studies, it only included 
participants from age 11 onwards. In this study, the youngest adolescents showed the 
largest differences in behavioural ratings and neural activation between direct and 
reflected self-evaluations. Therefore, in order to reveal the full developmental pattern, 
future studies could include an even broader group of adolescents, starting at the onset 
of puberty (between age 8–12) (Crone & Dahl, 2012). Accordingly, it would be interesting 
to also investigate the effects of pubertal status (Pfeifer et al., 2013). Furthermore, there 
was an unexpected quadratic trend in the cerebellum (https://neurovault.org/collections/
OEVTWRGL/). This findings was not further interpreted, but future studies with large 
datasets should test whether this pattern is replicable in new data sets.
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Future studies should aim to apply a longitudinal design, to get more detailed knowledge 
on when changes in neurocognitive processes underlying direct and reflected self-
evaluations occur. A longitudinal model would provide the opportunity to better study 
the internalization of the opinions of peers in the self-concept. Additionally, as previous 
studies have shown different neural mechanisms of self-evaluations in different domains 
and valences (Jankowski et al., 2014; R. van der Cruijsen et al., 2017; R. van der Cruijsen, 
Peters, van der Aar, et al., 2018), an interesting direction for future studies will be to 
investigate domain and valence differences in direct and reflected self-evaluations across 
adolescence. Furthermore, testing for representational patterns within the mPFC (using 
multivariate pattern analysis) would be a more sensitive method that could provide 
more specific information about the neural processes underlying direct and reflected 
self-evaluations across adolescence.

Conclusion
We studied the overlap of direct and reflected self-evaluations across adolescence, 
and whether measures of direct and reflected self-evaluations become more similar 
in older adolescents (both behaviourally and at the neural level). This study showed 
that the behavioural and neural measures for direct and reflected self-evaluations are 
strongly correlated and largely overlap. Importantly, the difference between behavioural 
evaluations from direct and reflected perspectives declined with age both on the task-
level and on the item-level. This pattern was mirrored by activation in the mPFC, which was 
more active in the youngest adolescents for reflected than direct self-evaluations, but this 
difference diminished in older adolescents. These results suggest that the internalization 
of the opinions of others into the self-concept occurs on both the behavioural and 
neural level, and continues into adolescence (Felson, 1985; Gecas, 1982; Harter, 2012; 
Quarantelli & Cooper, 1966), indicating the importance of the adolescent period in the 
internalization of the perceived opinions of others about the self. These processes may aid 
in developing a stable self-concept. In addition, this study showed relatively stronger right 
TPJ activation for reflected compared to direct self-evaluations in adolescents who were 
less positive about themselves, possibly because these adolescents are more concerned 
about the opinions of others compared to adolescents who are more positive about 
themselves. Taken together, this study provides a comprehensive analysis of direct and 
reflected self-evaluations across the whole period of adolescence, and showed that two 
important regions that have previously been implicated in self-evaluations, mPFC and 
TPJ, have separable contributions to the development of self-concept. This study informs 
new studies which should aim to test in more detail questions related to potentially 
deviant patterns of self-development for example in relation to the development of 
internalizing disorders or burn-out (Luo et al., 2016; Slivar, 2001; Sowislo & Orth, 2013b), 
in relation to decision-making behaviour (Pfeifer & Berkman, 2018), or questions related 
to interventions aimed at strengthening self-evaluations.
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Supplement

Tables and figures
Suppl. Table 1. Regions activated for the conjunction of Self > Control and Reflected > 
Control

Region BA Coordinates Cluster 
Size 

T 

Frontal/ 
Subcortical

R Superior Medial Frontal (mPFC) 10 6 59 13 880 6.74

L Anterior cingulum 32 -6 44 1 6.67
L Superior Medial Frontal 10 -9 59 7 6.24
R Inferior Operc. 44 57 8 22 49 5.49
L Mid Frontal 10 -24 50 28 132 5.47
R Superior Frontal 9 21 47 31 84 5.32
R Superior Frontal 8 24 38 46 3.55
R Superior Frontal 6 21 11 58 47 3.83
R Superior Frontal 6 18 2 64 3.64
L Supplementary Motor Area (SMA) 6 -6 2 67 90 6.42

Parietal L Posterior Cingulum 23 -9 -52 28 70 4.67
R Posterior Cingulum 23 9 -49 28 3.98
R Supramarginal (TPJ) 40 60 -28 46 422 6.27
R Inferior Parietal 51 -46 55 5.05
R Supramarginal 39 60 -49 31 3.48

Names were based on the Automatic Anatomical Labeling (AAL) atlas.

 

Supplementary Figure 1. The conjunction analysis of the Direct > Control and Reflected > Control contrasts 
showed activation in mPFC, right TPJ (supramarginal gyrus), bilateral DLPFC, right ventrolateral PFC (VLPFC), 
precuneus/PCC, and left SMA.
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Supplementary Figure 2. A quadratic age effect in the anterior cerebellum in the contrast Reflected > Direct.
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Chapter 5
Neural responses for evaluating self and 
mother traits in adolescence depend on 

mother-adolescent relationships
This chapter is published as: van der Cruijsen, R., Buisman, R., Green, K., Peters, S., & Crone, E. A. (2019). 

Neural responses for evaluating self and mother traits in adolescence depend on mother-adolescent 
relationships. Social Cognitive and Affective Neuroscience, 14(5), 481-492. doi: 10.1093/scan/nsz023

Abstract
An important task in adolescence is to achieve autonomy while preserving a positive 
relationship with parents. Previous fMRI studies showed largely overlapping activation in 
medial prefrontal cortex (mPFC) for evaluating self and close-other traits but separable 
activation for self and non-close other. Possibly, more similar mPFC activation reflects 
closeness or warmth in relationships. We investigated neural indicators of the mother–
adolescent relationship in adolescents between 11 and 21 years (N = 143). Mother–
adolescent relationship was measured using (i) mothers’ and adolescents’ trait evaluations 
about each other, (ii) observations of warmth, negativity and emotional support in 
mother–adolescent conversation and (iii) similarity in adolescents’ neural activation for 
evaluating self vs mother traits. Results showed relatively more similar mPFC activation 
in adolescents who evaluated their mothers’ traits more positively, suggesting that this 
is possibly a neural indicator of mother–adolescent relationship quality. Furthermore, 
mid-adolescence was characterized by more negative mother–adolescent interaction 
compared to early and late adolescence. This effect co-occurred with mid-adolescent 
peaks in dorsal striatum, dorsal anterior cingulate cortex and superior temporal sulcus 
activation in evaluating traits of self vs mother. These results suggest more negative 
relationships and stronger self-focus in mid-adolescence.
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Introduction
A critical task during adolescence is to achieve autonomy while preserving a positive 
relationship with parents (Allen et al., 1994). Maintaining a positive relationship with 
parents is important, as this promotes better well-being and less delinquency in 
adolescents (Hair et al., 2008). Adolescents develop a more positive self-concept when 
they experience supportive parenting, emotional availability of parents and when 
mothers express competence beliefs about their adolescents (Babore et al., 2016; 
Dekovíc & Meeus, 1997; Gniewosz et al., 2015; Lazarides et al., 2015). In contrast, negative 
family factors, such as household chaos, can negatively influence social competence 
development, and more household chaos is associated with reduced neural signals for 
cognitive control (Kim-Spoon et al., 2017).

During adolescence, there is a transition in parent–child relationships such that there is 
an increase in arguing frequency between parents and teenagers (Steinberg & Morris, 
2001). This increase in mild conflict is accompanied by a decline in feelings of closeness 
between parents and adolescents (McGue et al., 2006; Smetana et al., 2006; Steinberg 
& Morris, 2001). More specifically, both parents and adolescents report less frequent 
expressions of positive emotions and more frequent expressions of negative emotions 
compared to pre-adolescent children (Larson et al., 1996; Steinberg & Silk, 2002). 
Adolescents’ affect towards their family shows a temporary decline in mid-adolescence 
(Larson et al., 1996; Laursen et al., 1998). Similarly, perceived affect and warmth from 
family members decrease in early adolescence and increase again in late adolescence 
(Larson et al., 1996; Shanahan et al., 2007). Some adolescents experience more negative 
parent–adolescent relationships than others, but it is currently not well understood how 
this affects closeness between adolescents and parents.

A novel direction in understanding the parent–adolescent relationship is by using 
insights from cognitive and social neuroscience. Prior studies already demonstrated 
bidirectional relationships between parents and children in terms of physiological 
responses in an interaction context. For example, cortisol levels of fathers, mothers and 
adolescents collected before and after a conflict discussion task were positively related 
to one another, such that fathers’ cortisol predicted later adolescents’ cortisol, which 
in turn predicted later mothers’ cortisol levels (Saxbe et al., 2014). Additionally, insights 
from brain imaging studies are informative for understanding individual differences 
in the relationship between parents and adolescents. A prior study showed that the 
relationship between parent aggression and subsequent adolescent aggression was 
mediated by brain activation in response to parent-related stimuli in youth between 
15 and 17 years, in regions associated with salience and socioemotional processing 
such as the insula, right amygdala, thalamus and putamen (Saxbe et al., 2016). Finally, a 
recent study in adults showed that self-referential processing in the medial prefrontal 
cortex (mPFC) was sensitive to individual differences in caregiving experiences (Noll 
et al., 2018), but no prior studies have examined how self-referential processing and 
parenting are related in adolescence. Therefore, the current study aimed to gain a better 
understanding of the behavioural and neural correlates of the mother–adolescent 
relationship by combining (i) mothers’ and adolescents’ self-reported evaluations of 
each other, (ii) real-life observations of mother–adolescent interactions and (iii) fMRI-
measurements of evaluating self vs mother traits.
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Neural activation for self, close and distant others
Prior studies in adults showed consistent overlapping activation in the mPFC for evaluating 
traits of the self (Denny et al., 2012) and close others, relative to more distant or public 
others (Murray et al., 2012). The level of similarity within mPFC has been related to the 
level of closeness or familiarity (Krienen et al., 2010; Raposo et al., 2011; van Overwalle, 
2009), the level of warmth and competence (Harris & Fiske, 2007), or, when close others 
were participants’ mothers, the degree of attachment to the mother (Ray et al., 2009). 
Directly relating indicators of the mother–adolescent relationship to neural activation 
for evaluating self vs mother can provide important new insights in the understanding of 
individual differences in mother–adolescent relationships.

To date, only two studies investigated self- vs close-other processing in children and 
young adolescents. The first study (participants 7–13 years) showed that children 
remember words encoded with reference to their mother better than with reference to 
themselves, whereas this effect was reversed in young adolescents (Ray et al., 2009). The 
difference in self vs mother memory was related to more ventral anterior cingulate cortex 
(ACC)/mPFC activation for self vs mother. Therefore, this study suggests a separation of 
self from mother during early adolescence (Ray et al., 2009). The second study showed 
similar mPFC activation for evaluating traits of self and one’s best friend in both young 
adolescents (age 11–14) and young adults (age 22–31; Jankowski et al., 2014).

As neural similarity or differentiation may provide important insights into the relative 
strength of the mother–adolescent relationship, this study investigates whether individual 
differences in mother–adolescent relationship quality are associated with increased 
similarity for evaluating self and mother in mPFC (Noll et al., 2018; Ray et al., 2009). In 
addition, we performed exploratory analyses for associations with other regions that 
have been reported in prior studies in relation with self-concept development, including 
the ventral striatum and the temporoparietal junction (TPJ; Jankowski et al., 2014; Pfeifer 
et al., 2009; Pfeifer & Peake, 2012). An additional goal was to assess developmental 
changes in mother–adolescent relationships. To test these questions, participants (N 
= 143; 11–21 years) evaluated their own and their mother’s traits in an fMRI paradigm, 
and mothers evaluated adolescents’ traits via an online questionnaire. Additionally, we 
assessed observational measures for warmth, negativity and emotional support in real-
life mother–adolescent discussions about conflictual topics (Buisman et al., 2018). Neural 
indicators of the mother–adolescent relationship were studied by examining similarity 
and differentiation in adolescents’ neural activation for evaluating self vs mother traits.

First, we expected that positivity of evaluations about the mother (for the adolescent) and 
the adolescent (for the mother) would be positively correlated to warmth and emotional 
support in mother–adolescent interactions, as these measures are hypothesized to 
reflect the mother–adolescent relationship. Second, we expected overlapping brain 
activation for adolescents evaluating themselves and their mothers in mPFC (Murray 
et al., 2012; van der Cruijsen et al., 2017; vanderwal et al., 2008; Zhu et al., 2007), the 
precuneus and temporal–parietal junction (van der Cruijsen et al., 2017). A prior study 
also demonstrated an important role for the striatum when reflecting on social traits 
from the perspective of peers in adolescents (Jankowski et al., 2014), but it is not yet 
known if the striatum is also involved in evaluating self vs mother traits. Third, we tested 
whether increased similarity in neural activity for evaluating self vs mother traits was 
associated with higher mother–adolescent relationship quality (Denny et al., 2012; 
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Murray et al., 2012). To this end, we hypothesized that mPFC activity for evaluating self 
vs mother traits was related to adolescents’ and mothers’ positivity about each other’s 
traits and to warmth and emotional support in mother–adolescent interactions.

Regarding possible developmental changes, we expected that mid-adolescents are 
more negative in interaction with their mothers compared to early and late adolescents 
(Larson et al., 1996; Laursen et al., 1998). A similar pattern was expected for mothers 
in interaction with their children (Larson et al., 1996). We explored whether differences 
in neural activation for evaluating self vs mother would show a comparable age-related 
change as the pattern observed for mother–adolescent interactions. Therefore, we 
tested for quadratic patterns of neural sensitivity for self–mother trait evaluations (see 
also Braams et al., 2015).

Methods

Participants
Healthy adolescents (N = 160; age 11–21) participated in the Leiden Self-Concept study. 
Part of the fMRI self-evaluation data have previously been reported (van der Cruijsen, 
Peters, Van der Aar, et al., 2018). All participants were right-handed and reported normal 
or corrected-to-normal vision. Parents (about their child, in a phone conversation 
prior to inclusion) and participants (in an online questionnaire) reported no psychiatric 
or neurological diagnoses. We excluded 17 participants for the following reasons: no 
complete data for self and mother evaluations (n = 2); participant’s mother did not 
complete the trait evaluations about her child (n = 6); fMRI-related exclusions (n = 11), 
specifically excessive head movements during the fMRI scans (>3 mm across the full run; 
n = 8), not completing all scans (n = 2) and technical error (n = 1). The resulting sample 
consisted of 143 adolescents [mean age (Mage), 16.17 years; s.d., 2.9; 79 females]. In 
all analyses including measures of mother–adolescent interaction, the sample size was 
reduced to n = 93 (Mage, 15.29; SD, 2.8; 52 females), as 50 participants did not engage in 
the mother–adolescent interaction task because the mother was not available to attend 
the session.

All participants and both parents of minors signed informed consent. The University 
Medical Ethical Committee approved the study. Participants were pre-screened for MRI 
contra-indications and usage of psychotropic medication. A radiologist viewed all scans 
and no clinically relevant findings were observed.

Task description
Mother-adolescent conflict interaction task
To investigate interaction patterns between mothers and adolescents, we used a mother–
adolescent conflict interaction task (family interaction task; (Allen et al., 2003). This task 
was previously found to be effective in measuring mother–adolescent relationship 
behaviours (Buisman et al., 2018; Eisenberg et al., 2008). First, mothers and adolescents 
selected topics that regularly cause conflict from a list. The researcher selected two 
of these topics, based on which topics were rated highest, preferably by both mother 
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and adolescent. Mothers and adolescents were then asked to discuss these conflictual 
topics for 10 min, thereby trying to reach a consensus. They were told to start with one 
topic, and only continue to the second if there was time left after the first topic. Most 
discussed topics were bedroom cleaning, bedtime, cleaning up clothes and homework. 
All interactions were videotaped and coded using the Supportive Behaviour Task Coding 
Manual Version 1.1 (Buisman et al., 2018).

Behaviours of warmth, negativity and emotional support were rated for mothers and 
adolescents. Warmth is the extent to which they showed that they care about, value and 
genuinely like the other. It encompasses verbal expressions (f.e. verbally empathizing), 
warm facial expressions, a warm tone of voice and body postures or behaviours that 
indicate warmth and the intention to build the relationship (f.e. touching). Warmth was 
rated on a scale of 1 (no signs of warmth; ‘You cannot tell if the person likes or cares 
about the other’) to 9 (clear signs of warmth; ‘The participants’ behaviour overall gives a 
warm feeling to the interaction’). Negativity encompasses expressions of tension, hostility, 
dissension or antagonism directed at the other, for example loud sighing, interrupting 
the other or eye rolling. Negativity was rated on a scale of 1 (demonstrations of negativity 
are absent) to 9 (the person is very negative; ‘The negativity endures throughout the 
discussion and is disruptive to the interaction’). Negativity scores of mothers were 
skewed to the right. Therefore, these scores were logarithmically transformed. 
Emotional support captures the extent to which a person indicates an understanding 
or supports the feelings of the other, for example by naming the emotion, sympathizing 
or recognizing the other’s feelings. The 9-point rating scale ranged from 1 (absence of 
emotional support; ‘No attempts to emotionally support the other are made’) to 9 (high 
emotional support; ‘The supporter clearly recognizes the other’s emotional distress and 
makes clear attempts to draw the other out’). There was little variance in the adolescent 
emotional support ratings, likely because mothers and not adolescents were expected to 
be supportive during conversations. Therefore, we did not include adolescent emotional 
support ratings in our analyses.

Mother–adolescent interactions were coded using a coding system adapted from 
Buisman et al. (in press), who also validated the coding system. For the purpose of the 
current study, Buisman (here second author) trained the third author and a research 
assistant to reliably code the mother–adolescent interactions using this system. Before 
coding the interactions of the current study, the second author provided extensive 
training in the coding system, which the coders practiced using 18 training videos (36 
targets). After training, 27 videos from the current study (54 individuals) were coded 
to assess reliability. Inter-rater reliability between the observers was adequate to good 
on all measured constructs (warmth: α = 0.78; negativity: α = 0.82; emotional support: 
α = 0.86). Intraclass correlations (single measures and absolute agreement) were 0.61 
for warmth, 0.69 for negativity and 0.75 for emotional support. All other videos were 
coded (n = 66) over the next 3 months. To minimize observer drift, videos were discussed 
during regular meetings (once every 2 or 3 weeks). Coders were randomly divided across 
participants and mothers before coding started. For the participants and mothers in 
videos used for the reliability set, the scores from the beforehand assigned coder were 
used in the analyses. All other participants and mothers were coded by one person.
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fMRI task
In the fMRI task, participants were asked to evaluate how well short trait sentences 
described themselves and their mothers on a scale of 1 (not at all) to 4 (completely) by 
pressing buttons with their index to little finger of their right hand (Figure 1). In the self-
condition, participants viewed 60 sentences describing traits in the physical, academic or 
prosocial domain, with 20 traits per domain (10 positive and 10 negative). In the mother-
evaluation condition, participants evaluated the same sentences, except the academic 
trait sentences were omitted as these were not applicable to adults (e.g. ‘getting good 
grades’), resulting in 40 trait sentences in the mother condition. In the baseline control 
condition, all response demands were the same, but participants sorted 20 trait 
sentences (10 positive and 10 negative) into four categories: school, social, appearance 
or I don’t know. Additionally, outside of the scanner, mothers evaluated the same 60 
traits (in academic, physical and prosocial domains) about their adolescents. Negative 
items were reverse scored and averaged with the positive items for adolescent and 
mother ratings separately. This way, an index of positivity of adolescents about their 
mothers, and (via an online questionnaire) of mothers about their children was obtained, 
as indicators of the mother–adolescent relationship.

Figure 1. Example of a trial in the Self, Mother, and Control condition.

Within the MRI paradigm, the three conditions (self, mother and control) were completed 
in three separate runs, within which traits were presented in a pseudorandomized order 
regarding domains. Each trial began with a 400 ms fixation cross, after which the trial 
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displaying a short trait sentence and the question how much this trait was applicable was 
presented for 4600 ms. When participants responded, the number they chose turned 
yellow for the remaining stimulus time to assure participants that their choice was 
registered. If participants failed to respond within the time frame, the phrase ‘Too late’ 
was displayed for 1000 ms. Trials where participants failed to respond were excluded 
from the analyses. Too late responses occurred on 1.1% of trials in the self condition, 
on 1.5% of trials in the mother condition and on 0.6% of trials in the control condition. 
Optseq was used to optimize the trial order and to add jittered intertrial intervals, varying 
between 0 and 4.4 s.

fMRI statistical analyses
For this study, we derived our hypothesis concerning the mPFC from prior literature. 
Brain–behaviour relations in other neural regions, including the ventral striatum, 
precuneus and TPJ, were tested in an explorative way.

Details on fMRI data acquisition and pre-processing can be found in the supplement. 
The data were analysed using SPM8 (Wellcome Department of Cognitive Neurology, 
London). The fMRI time series were modelled as a series of zero-duration events 
convolved with the hemodynamic response function. A first-order autoregressive model 
[AR(1)]-corrected for serial autocorrelations and low-frequency signals were removed 
using a high-pass filter (120 s). Modelled events of interest for the self condition were 
‘Self-Academic-Positive’, ‘Self-Academic-Negative’, ‘Self-Physical-Positive’, ‘Self-Physical-
Negative’, ‘Self-Prosocial-Positive’ and ‘Self-Prosocial-Negative’. The same events, except 
for ‘Academic-Positive’ and ‘Academic-Negative’ were modelled for the mother condition. 
For the control condition, only one event of interest was modelled: ‘Control’ (collapsed 
across domains and valences). Trials in which participants failed to respond in time were 
modelled as events of no interest. Six motion regressors were added to the model, and 
participants who moved more than 3 mm were excluded from further analyses. The 
resulting contrast images, computed on a subject-by-subject basis, were submitted to 
group analyses.

To investigate neural indicators of the mother–adolescent relationship, we performed 
two whole-brain one sample t-tests for the contrasts self>control and mother>control, 
followed by a conjunction analysis. The self-evaluation trials and the mother-evaluation 
trials were collapsed across domains and valences and compared to the control trials. 
The results for self>control have previously been reported (van der Cruijsen et al., 2018), 
but the current sample differed slightly from the prior sample due to missing values in 
mother ratings. Therefore, the results for this group are reported again. Next, we used 
Imcalc toolbox in SPM8 to calculate the contrast for (self–control)>(mother–control).

To test for neural markers of the mother–adolescent relationship, we investigated neural 
responses during self vs mother evaluations and related these to behavioural measures 
of the mother–adolescent relationship (mothers’ and adolescents’ positivity about each 
other’s traits and warmth, negativity and emotional support in mother–adolescent 
interactions). We used these measures as positive and negative regressors in the 
(self–control)>(mother–control) contrast. To test for developmental changes we used 
age and age2 as a regressor in this contrast. Within these analyses, larger differences 
for evaluating self vs mother reflected relatively less neural similarity, whereas smaller 
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differences for evaluating self vs mother reflected relatively more neural similarity in 
brain activation for evaluating self and mother traits. Age was a covariate of no interest 
in all regressions except the ones testing linear age effects.

For the behavioural results we used Bonferroni correction for multiple comparisons (MC) 
adjusting for correlated variables (http://www.quantitativeskills.com/sisa/calculations/
bonfer.htm; Perneger, 1998; Sankoh et al., 1997). This resulted in an adjusted significance 
level (two-sided) of α = 0.011 for the eight variables of mother–adolescent relationship 
(average r = 0.26) and α = 0.016 for the developmental changes in mother–adolescent 
interactions (warmth, negativity, emotional support and average correlation r = 0.28). We 
reported when analyses were significant at P < 0.05 but did not survive MC correction. 
For all whole-brain fMRI analyses, we applied False Discovery Rate cluster-level (FDRc) 
correction (P < 0.05) at an initial uncorrected threshold of P < 0.001. All uncorrected 
t-value maps can be found on NeuroVault (https://neurovault.org/collections/IQLJYMLX/). 
These maps also include analyses controlled for age and gender. Gender effects were 
not further explored in this study.

Results

Behavioural markers of the mother-adolescent relationship
First, we tested whether behavioural indicators of the mother–adolescent relationship 
(i.e. ratings of adolescents about their mothers and vice versa and observations of 
warmth, negativity and emotional support) were related to each other. As can be seen 
in Table 1, mothers’ ratings of adolescents were positively correlated with observed 
mother–adolescent interaction.

Table 1. Correlations between mother-adolescent interaction, and trait evaluations of 
adolescence and mother

Evaluations of: Adolescent Mother

A.
Evaluations of:

Adolescent 
about 
mother

Mother 
about 
adolescent

Warmth Negativity Warmth Negativity Emotional 
support

Adolescent about self R .415 .438 .199 -.150 .170 -.051 -.154
p .000 .000 .058 .152 .104 .630 .140

Adolescent about 
mother

R - - .048 -.081 .047 -.056 .120
p .650 .440 .655 .596 .251

Mother about 
Adolescent

R - - .414 -.191 .386 -.252 .045
p .000 .067 .000 .015 .671

B.
Observations of:

Adolescent
Warmth R - - - -.523 .527 -.317 .139

p .000 .000 .002 .185
Negativity R - - - - -.421 .448 -.169

p .000 .000 .107

Mother

Warmth R - - - - - -.596 .340
p .000 .001

Negativity R - - - - - - -.366
P .000

Note. Bold = significant result
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Second, we investigated the development of mother–adolescent relationships. 
Curve estimations testing linear and quadratic age patterns showed that positivity of 
adolescents about their mothers and vice versa did not change with age (all p > 0.22). 
Observed mother–adolescent interactions showed a quadratic age effect for adolescents’ 
displays of warmth, indicating a dip in mid-adolescence [t(90) = 2.85, p = 0.006; r2 = 0.106, 
F(2,89) = 5.28, p = 0.007; Figure 2]. There was also a quadratic age effect on adolescents’ 
[t(90) = −2.73, p = 0.008; r2 = 0.079, F(2,89) = 3.83, p = 0.025] and mothers’ [t(90) = −2.35, 
p  = 0.021; r2 = 0.067, F(2,89) = 3.22, p = 0.044] displays of negativity, with a peak in mid-
adolescence. Both developmental patterns of negativity were not significant after MC 
correction (p = 0.016). All other models were not significant (all p > 0.14).

Figure 2. Measures of warmth and negativity in mother-adolescent communication, related to age. Only 
significant results are shown. Adolescents showed a dip in warmth and a peak in negativity in interaction with 
their mothers in mid-adolescence. Mothers showed a peak in negativity in interaction with their children when 
they are in mid-adolescence. 

Neural markers of the mother-adolescent relationship
To detect brain regions involved in self evaluations and mother evaluations, we first 
conducted two whole-brain one-sample t-tests for self>control and mother>control. 
The contrast self>control revealed activation in mPFC, right supramarginal gyrus (TPJ), 
right ventrolateral prefrontal cortex (vlPFC), left dorsolateral prefrontal cortex (dlPFC), 
left insula, left superior temporal gyrus (STG) and left supplementary motor area (SMA; 
Figure 3A; Supplementary Table S1A). The contrast mother>control resulted in similar 
patterns of activation in mPFC, TPJ and right vlPFC (Figure 3B; Supplementary Table 
S1B). A conjunction analysis for self>control and mother>control showed overlapping 
activation in mPFC, right TPJ and right vlPFC (Figure 3C).

To investigate differential activation for evaluating self and mother, we constructed 
the contrasts (self–control)>(mother–control) (self>mother for short) and (mother–
control)>(self–control) (mother>self for short). Self>mother resulted in medial/posterior 
cingulate cortex, bilateral dlPFC, bilateral SMA, left angular gyrus (TPJ), right caudate 
nucleus (ventral striatum) and left occipital lobe activation (Figure 4A; Supplementary 
Table S2A). Mother>self resulted in activation in right calcarine gyrus (Figure 4B; 
Supplementary Table S2B).
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Relations with trait evaluations and interaction behaviours
To test for neural markers reflecting the mother–adolescent relationship, we investigated 
whether neural differences for evaluating self and mother were related to behavioural 
measures of the mother–adolescent relationship. We performed whole-brain analyses 
on the contrast self>mother, including measures of mother–adolescent relationship 
as positive and negative regressors [trait ratings and mother–adolescent interaction 
(emotional support, warmth and negativity)].

Figure 3. Activation in the contrast Self>Control, Mother>Control, and the conjunction of these contrasts. 
Overlapping activation for evaluating Self and Mother in mPFC, right TPJ, and right vlPFC.

Figure 4. A. Activation in the contrast (Self>Control) >  (Mother>Control). B. Activation in the contrast 
(Mother>Control) > (Self>Control).
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Results showed a negative relationship between mPFC and right vlPFC activation and 
adolescents’ evaluations of mothers, with relatively less mPFC and right vlPFC activity 
for mother vs self in adolescents who evaluated their mothers’ traits more negatively, 
and more similar mPFC and right vlPFC activation for self and mother in adolescents 
who evaluated their mothers’ traits more positively (minimum cluster-size FDRc-
corrected = 41; Figure 5A).

Next, we performed analyses with observed mother–adolescent interaction measures 
as regressors. There was a negative relationship between left putamen activation for 
self>mother and mothers’ emotional support, such that there was relatively more left 
putamen (striatum) for mother in adolescents who receive more emotional support 
compared to adolescents who receive less emotional support (minimum cluster-size 
FDRc-corrected = 54; Figure 5B). For all t-maps and additional t-maps for all above 
analyses corrected for gender, see https://neurovault.org/collections/IQLJYMLX/. Last, 
adolescents whose mothers were more negative in their communication, showed 
relatively more bilateral middle occipital lobe activation for evaluating self vs mother (see 
Supplementary data for more detailed results for bilateral middle occipital lobes).

Figure 5. Whole-brain multiple regressions on the Self>Mother contrast with behavioural measures of mother-
adolescent relationship as regressors. A. Stronger mPFC and vlPFC activation for self compared to mother in 
adolescents who are more negative about their mothers. Similar mPFC activation for self and mother,  and 
stronger vlPFC activation for mother than self in adolescents who are more positive about their mothers. B. 
Relatively stronger left putamen (striatum) activation for mother in adolescents whose mothers showed more 
emotional support.

Age differences in self vs mother ratings
To investigate developmental changes in activation for self and mother, we performed 
whole-brain analyses on the self>mother contrast, including linear age or age2 as positive 
and negative regressors. Results did not show significant changes with linear age. 
However, there was a quadratic mid-adolescent peak in ACC, bilateral dorsal striatum 
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(left caudate nucleus and right pallidum), bilateral superior STG and a related region in 
Rolandic operculum, bilateral middle temporal gyrus (MTG), left calcarine gyrus and left 
middle occipital lobe (minimum cluster-size FDRc-corrected = 35). These regions were 
engaged relatively more for evaluating self vs mother in mid-adolescents, compared to 
early and late adolescents (Figure 6). For all t-maps and additional t-maps for the above 
analyses corrected for gender, see https://neurovault.org/collections/IQLJYMLX/.

Discussion
We investigated behavioural measures and neural markers of mother–adolescent 
relationship quality and the development of this relationship across adolescence, 
using self-report, observation and fMRI measures. This study showed that differences 
in neural activation for evaluating self vs mother varied as a function of behavioural 
measures of mother–adolescent relationship. Specifically, activity for self and mother 
was more similar in mPFC and right vlPFC for adolescents who were more positive about 
their mothers. Furthermore, activity was relatively stronger for mother than self in the 
striatum for adolescents whose mothers showed more emotional support in observed 
interactions.

A second goal was to examine whether there was an adolescent-specific decrease in 
adolescent–mother relationships. Developmental analyses showed that adolescents, 
and to a lesser extent mothers as well, were more negative in interaction with the other 
in mid-adolescence. The same developmental analyses for neural activity revealed 
that striatal regions and dorsal ACC showed more activity for self vs mother in mid-
adolescence compared to early and late adolescence. Together these results suggest 
relatively negative relationships and stronger self-focus in mid-adolescence. These 
individual differences and developmental differences are discussed in more detail below.

Individual differences in the mother-adolescent relationship
In prior research, it has been suggested that mother–adolescent relationships influence 
how adolescents view themselves and others (Babore et al., 2016; Dekovíc & Meeus, 
1997; Gniewosz et al., 2015; Lazarides et al., 2015), but the underlying mechanisms 
are not yet well understood. We took the approach of studying neural responses when 
rating traits of self and mothers. First, we found that mother–adolescent interactions 
were indeed related to subjective evaluations of the other’s traits. That is, mothers who 
showed and received more warmth in observed interactions were more positive about 
their children’s traits, and mothers who showed more negativity in interaction were less 
positive about their children. Additionally, mothers’ behavioural indicators of warmth 
were related to more warmth and less negativity in the adolescents’ behaviours and 
vice versa. This is in line with previous studies indicating that parent and adolescent 
behaviours reinforce each other (Saxbe et al., 2016; Saxbe et al., 2014)

On the neural level, more similar activation in the regions implicated in evaluating self 
and close others are thought to reflect closeness or trait warmth (Harris & Fiske, 2007; 
Krienen et al., 2010; Raposo et al., 2011). Therefore, we examined whether mother–
adolescent relationship quality was also related to neural responses in mPFC to evaluating 
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Figure 6. Whole-brain multiple regressions on the (Self - Control) > (Mother - Control) contrast with quadratic 
age as a regressor show relatively stronger activation in ACC, bilateral striatum (right pallidum, left caudate), 
and bilateral superior and middle temporal gyrus for Self vs Mother in mid-adolescence compared to early and 
late adolescence.

traits of self and mother. Consistent with our hypothesis, this study revealed that mPFC 
activation for self vs mother was related to adolescents’ positivity about their mother 
(mother positivity), with less differentiation between self and mother in adolescents 
who reported higher mother positivity. The mPFC has previously been associated with 
increased self-relevance (D’Argembeau, 2013; Moran et al., 2006; van der Cruijsen, et al., 
2018), and previous studies showed more neural similarity in mPFC for self and close 
others, than for self and non-close others (Murray et al., 2012). Therefore, evaluating 
mothers’ traits is possibly more similar to self for adolescents who are positive about 
their mothers and might reflect more closeness in the mother–adolescent relationship 
(Harris & Fiske, 2007; Krienen et al., 2010; Raposo et al., 2011; Ray et al., 2010; Van 
Overwalle, 2009).

Additionally, adolescents who received more emotional support from their mothers in 
observed interactions engaged left striatum (putamen) relatively stronger for mother, 



Exploring me in a world of we96 Exploring me in a world of we96

5

compared to adolescents who received less emotional support. Previous studies 
showed involvement of left putamen not only in monetary and social rewards (Braams 
et al., 2015; Izuma et al., 2008; Wake & Izuma, 2017) but also in processing self-relevance 
(de Greck et al., 2010; Enzi et al., 2009). This suggests that for adolescents who received 
more emotional support, thinking about their mothers might elicit a stronger feeling 
of reward or self-relevance compared to adolescents with less supportive mothers. 
Future studies are needed to confirm this, and longitudinal designs could reveal whether 
developmental differences in mother–adolescent relationship quality relate to striatum 
activity over longer time periods.

In sum, this study tested and confirmed the previously used interpretation that more 
similar activation in mPFC reflects closeness or warmth in the relationship between the 
self and a close other (Harris & Fiske, 2007; Krienen et al., 2010; Raposo et al., 2011). 
Furthermore, this study extends previous findings showing that in addition to parent- 
and adolescent self-reported behaviour (Saxbe et al., 2016), actual observed interactions 
are related to neural responses in mPFC as well. By showing that self-reported and 
observed behavioural indicators of the mother–adolescent relationship are associated 
with adolescents’ brain activation for self and mother, this study provides a first direction 
in understanding the neural basis of individual differences in mother–adolescent 
relationships. A next step would be to longitudinally investigate the relationship quality 
between mothers and adolescents over time and the inter-relations with neural and 
behavioural self-concept development.

Development of the mother-adolescent relationship across 
adolescence
Our second main goal was to investigate the ‘development’ of mother–adolescent 
relationships. Behaviourally, mother–adolescent interactions decreased in positivity 
in mid-adolescence, with mid-adolescents displaying less warmth and more negativity 
compared to early and late adolescents. However, mid-adolescents’ trait evaluations of 
their mothers do not differ from those of early and late adolescents. Potentially, a strong 
self-focus (i.e. egocentrism) in mid-adolescence (Harter, 2012) leads these adolescents 
to communicate less considerately with their parents (i.e. less warm and more negative). 
Additionally, mothers of mid-adolescents showed more negativity compared to mothers 
of early and late adolescents. These findings are consistent with previous studies, which 
reported decreased feelings of closeness and more negative affect in mid-adolescence 
mainly based on self-reports (Larson et al., 1996; Laursen et al., 1998; Steinberg & Silk, 
2002).

To further test whether there was a mid-adolescent focus on self, we examined the neural 
responses when evaluating traits of self and mothers. Neuroimaging results showed that 
activation for self vs mother in bilateral striatum (right pallidum and left caudate), ACC and 
bilateral mid and superior temporal lobe revealed a quadratic peak in mid-adolescence, 
with relatively stronger activation for self than mother in mid-adolescence. Prior studies 
showed a mid-adolescent peak in striatum (caudate) activation in response to winning 
for oneself (Braams et al., 2014). Additionally, a prior study showed stronger right ventral 
striatum (caudate) activation for social trait evaluations from the perspective of a close 
other (best friend; Jankowski et al., 2014). Striatum activation is also linked to processing 
self-relatedness (de Greck et al., 2008), self-relevance (Enzi et al., 2009) and intrinsic 
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value (Phan et al., 2004; Zink et al., 2003). Therefore, the mid-adolescent peak in striatum 
for evaluating self vs mother might indicate that evaluating the self is relatively more self-
relevant, salient or rewarding in mid-adolescence (Jankowski et al., 2014). ACC activation 
(especially dorsal ACC) in the context of evaluating the self vs a close or public other 
has been interpreted as a top-down attentional process, where individuals consciously 
select traits that specifically fit one’s own personality, separate from others (Murray et al., 
2012). Our results suggest that mid-adolescents engage this process relatively more for 
self than mother, in line with stronger egocentrism and self-other differentiation at this 
age and the process of finding one’s own identity separate from one’s parents (Harter, 
2012).

Additionally, there was a mid-adolescent peak for self vs mother in bilateral STG/MTG, 
regions encompassed in the superior temporal sulcus (STS; Allison et al., 2000). The STS 
is considered part of the social brain network (Blakemore, 2008), which performs several 
functions including mentalizing (Redcay, 2008) and representing others’ emotional 
states (Peelen et al., 2010; Zaki et al., 2010). Possibly, mid-adolescents do not take their 
mothers’ emotional states into account when evaluating mother traits as much as early 
and late adolescents (right STS). Alternatively, mid-adolescents may take emotional 
states or opinions of others into account relatively more for self traits than do early and 
late adolescents (left STS; Harter, 2012).

Together, these results show that regions involved in self-reference, self-relevance 
and mentalizing are engaged relatively more for self than mother in mid-adolescents 
compared to early and late adolescents. Future longitudinal studies could investigate 
whether these neural and related behavioural mechanisms in the mother–adolescent 
relationship are related to adolescent egocentrism within individuals (Harter, 2012), 
providing more insight into the origins of this phenomenon.

Strengths and limitations
The strength of this study was its relatively large fMRI sample size, broad focus on the 
whole range of adolescence and combination of neural, self-report and observation 
measures. This study, however, also had several limitations, which provide directions 
for future research. One limitation of the current study is the use of univariate data 
analyses. A more advanced approach would be the use of multivariate pattern analyses 
such as representational similarity analysis (Kriegeskorte et al., 2008). This method 
would enable the construction of actual overlapping ‘patterns’ of neural activation for 
evaluating the self and evaluating a close other, which would give a more complete 
image of the neural mechanisms underlying self- and close-other processing compared 
to the univariate method. Therefore, we recommend that future studies on this topic be 
optimally designed for conducting multivariate analyses. Moreover, to better understand 
the relationship between behavioural and neural indicators of mother–adolescent 
relationships, future longitudinal studies could aim to investigate possible mediating 
effects of neural activation in the relationship between mother and adolescent behaviour.

In addition, future research could also collect neural measures for mothers’ evaluations 
about their children. Although this study already used three types of measurements (self-
report, observation and fMRI) neuroimaging measures from the mother can provide a 
more complete impression of the relationship. Moreover, relationships with fathers have 
different effects than mothers on adolescent’s psychological development (e.g. identity 
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exploration and emotional stability), and this may also differ for boys and girls (De Goede 
et al., 2009; Grotevant & Cooper, 1985; Hay & Ashman, 2003; Laursen et al., 1998). A 
larger sample size would allow for the inclusion of fathers and for distinguishing between 
mother–daughter, mother–son, father–daughter and father–son relationships.

Finally, future research might focus on multiple forms of close relationships, for example 
relationships of adolescents with parents, siblings, close friends and classmates. This 
could shed light on potential shifts in closeness for different kinds of relationships. For 
example, it might be the case that adolescents have more negative social relationships 
with all close others in mid-adolescence, due to an excessive focus on the self (Harter, 
2012).

Conclusions
To conclude, this study showed that similarly strong mPFC activation for self and mother 
reflects closeness or warmth in the mother–adolescent relationship (Harris & Fiske, 
2007; Krienen et al., 2010; Raposo et al., 2011). Additionally, this study revealed that the 
relative dip in relationship quality in mid-adolescence (Larson et al., 1996; Laursen et 
al., 1998; Shanahan et al., 2007) co-occurs with relatively stronger neural activation for 
evaluating self vs mother traits in regions involved in self-reference, self-relevance and 
mentalizing (Denny et al., 2012). These findings provide insight into the neural changes 
occurring in a time of social-cognitive changes and changes in mother–adolescent 
relationship closeness. Additionally, the current results put previous behavioural notions 
of greater self-consciousness or self-focus in mid-adolescence (Vartanian, 2000) in a 
social neuroscience perspective, indicating in concordance with previous studies that 
the enhanced self-focus seems to be reflected on the neural level as well (Somerville et 
al., 2013).
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Supplement

Methods and results
 
fMRI Data Acquisition and preprocessing
MRI scans were collected using a Philips 3T MRI scanner, with a standard whole-head 
coil. Functional scans were acquired in three runs with T2*-weighted echo-planar 
imaging (EPI) sequence (TR = 2200 msec, TE = 30 msec, sequential acquisition, 37 slices 
of 2.75 mm, FOV = 220 x 220 x 111.65 mm). To account for T1 saturation, the first two 
volumes were discarded. For anatomical reference, a high-resolution 3D T1-FFE scan 
was obtained after the functional scans (TR = shortest msec, TE = 4.6 msec, 140 slices, 
voxel size = 0.875 mm, FOV = 224 x 178.5 x 168 mm). Sentences were projected on a 
screen behind the scanner and could be seen by the participant via a mirror attached to 
the head coil. Placing foam inserts inside the coil restricted head movement.

The data were analysed using SPM8 (Wellcome Department of Cognitive Neurology, 
London). All functional scans were corrected for slice-timing acquisition and differences 
in rigid body movement. All structural and functional volumes were spatially normalized 
to T1 templates. The normalization algorithm used a 12-parameter affine transformation 
together with a nonlinear transformation involving cosine basis functions. The algorithm 
resampled the volumes to 3 mm cubic voxels. Templates were based on the MNI305 
stereotaxic space (Cocosco et al., 1997). Functional volumes were spatially smoothed 
with a 6 mm FWHM isotropic Gaussian kernel.

Supplementary results
Adolescents whose mothers were more negative in their communication, showed 
relatively more bilateral middle occipital lobe activation for evaluating the Self > Mother, 
compared to adolescents whose mothers showed less negativity in their communication. 
Follow-up correlations within the ROIs extracted from this analysis for Self>Control 
and Mother>Control separately showed that the effect in left occipital lobe was driven 
by a decrease in activation for Mother>Control as mothers show more negativity in 
interaction with their adolescents (Self>Control r=.127, p=.224, Mother>Control r=-.217, 
p=.037), whereas the effect in right occipital lobe was driven by an increase in activation 
for Self>Control as mothers show more negativity in interaction with their adolescents 
(Self>Control r=.225, p=.030, Mother>Control r=-.114, p=.227). Follow-up t-tests in five 
groups showed that adolescents whose mother show little negativity in interaction engage 
right occipital lobe stronger (p=.025) and left occipital lobe marginally stronger (p=.069) 
for mother compared to self, whereas adolescents whose mothers show more negativity 
in interaction showed stronger bilateral occipital lobe activation for self compared to 
mother (right: p=.009; left: p=.001). Adolescents’ negativity in interaction, mothers’ and 
adolescents’ warmth in interaction did not result in significant brain activation in this 
contrast.
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Suppl. Table 1. Regions activated during the Self>Control and Mother>Control contrast
Region BA Coordinates Cluster Size T

A. Self>Control    FDRc = 66
Frontal/ R Superior Medial Frontal (mPFC) 10 6 62 13 1105 7.09
Subcortical L Anterior Cingulum 32 -6 44 1 6.62

L Superior Medial Frontal 10 -9 56 7 6.40
R Inferior Frontal 44 57 11 22 167 6.31
R Superior temporal pole 44 54 5 -2 3.95
R. Heschl 41 54 -4 4 3.87
L Mid Frontal 10 -27 47 31 157 5.52
L Superior Frontal 9 -21 44 40 4.90
L Mid Frontal 10 -39 44 19 3.27
L Insula 44 -42 8 4 83 4.39
L Suppl. Motor Area 6 -9 2 67 100 6.72

Parietal cortex R Supramarginal gyrus 40 60 -28 46 297 6.60
R Inferior Parietal 40 51 -43 55 4.92
R Inferior Parietal 40 54 -46 46 4.34

Temporal cortex L Superior Temporal 41 -48 -16 4 66 4.10
L Superior Temporal 40 -51 -22 10 3.34

B. Mother>Control    FDRc = 92
Frontal/ R Superior Medial Frontal (mPFC) 10 6 59 13 432 6.61
Subcortical L Superior Medial Frontal 10 -9 56 7 5.43

L Anterior Cingulum 24 -3 38 1 5.12
R Inferior Frontal 44 57 11 22 92 3.21
R Inferior Frontal 44 51 8 4 3.89

Parietal cortex R Supramarginal gyrus 40 60 -28 46 181 6.24
R Inferior Parietal 51 -46 55 3.81
R Supramarginal gyrus 40 45 -40 43 3.72

Names were based on the Automatic Anatomical Labeling (AAL) atlas.

Suppl. Table 2. Regions activated during the (Self – Control) > (Mother - Control) and 
(Mother – Control) > (Self>Control) contrast

Region BA Coordinates Cluster Size T
A. Self>Mother    FDRc = 29
Frontal/ L Superior Frontal -15  35 37 151 4.84
Subcortical L Superior Frontal 8 -12  26 55 4.25

L Superior Frontal 10 -27  47 28 4.21
L Supplementary Motor Area 6 -12  11 64 34 4.81
L Precentral -33 -1 43 154 4.83
L Mid Frontal 8 -45  14 46 4.34
L Mid Frontal -27  17 37 3.73
R Mid Frontal  33   8 46 67 4.01
R Mid Frontal 8  39  20 43 3.81
R Supplementary Motor Area 6  12  14 61 29 3.80
R Caudate  21   2 22 33 3.75
R Caudate  27 -4 25 3.74
L Mid Cingulum 31    0 -22 40 57 4.16
L Mid Cingulum 23    0 -28 34 3.90

Parietal cortex L Postcentral 1 -45 -16 31 84 4.75
L Angular 39 -45 -64 46 93 4.09
L Angular 39 -51 -67 34 3.75
L Inferior Parietal 39 -48 -55 46 3.66

Occipital cortex L Mid Occipital 18 -30 -97   1 89 5.37
B. Mother>Self     FDRc = 375
Occipital cortex R Calcarine 17 15 -88 13 375 7.16

R Lingual 18 12 -79 -8 6.91
Names were based on the Automatic Anatomical Labeling (AAL) atlas.
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Chapter 6
Longitudinal self-concept development in 

adolescence
This chapter is under review as: van der Cruijsen, R., Peters, S., Spaans, J.P., Blankenstein, N.E., & Crone, E. A. 

Longitudinal self-concept development in adolescence.

Abstract
Self-concept changes extensively during adolescence, but underlying behavioural and 
neural processes are not yet understood. This longitudinal behavioural neuroimaging 
study combines both perspectives, and tests two theories concerning self-concept 
development in adolescence: 1) increasing differentiation between self-concept domains, 
and 2) increasing similarity between perceived opinions of peers (reflected self-concept) 
and the own (direct) self-concept. The specific focus included endorsement of positive 
traits, rejection of negative traits, and activation in medial prefrontal cortex (mPFC) 
and temporal-parietal junction (TPJ). Participants (10-24years) evaluated their traits in 
academic, physical, and prosocial domains from a reflected and direct perspective, in an 
fMRI session at three annual timepoints (NTP1=150, NTP2=144, NTP3=136). A mid-adolescent 
dip in self-positivity co-occurred with increasing mPFC activation, possibly reflecting 
increased sensitivity and uncertainty about the self in adolescence. The mid-adolescent 
dip in self-concept positivity was strongest for the academic domain, resulting in larger 
domain-differentiation in mid-adolescence. Additionally, female adolescents were 
particularly vulnerable to developing negative physical self-concept. Self-evaluations were 
more positive from the direct than reflected perspective across adolescence, and TPJ 
activation increased with age highlighting the importance of perceived-peers’ opinions 
in adolescent self-evaluations. Last, longitudinal prediction analyses revealed that self-
positivity predicted increases in self-concept clarity and less fear of negative evaluation 
one and two years later, highlighting the developmental benefits of acquiring a positive 
self-concept. Together, we show that adolescent self-development is characterized by 
dissociable neural patterns underlying self-evaluations in different domains, and from 
reflected and direct perspectives, confirming adolescence as a formative phase for 
developing a coherent and positive self-concept.



Exploring me in a world of we140 Exploring me in a world of we140

7



Exploring me in a world of we 141Exploring me in a world of we 141

7

Chapter 7 
Explicit and implicit self-esteem in youth 

with autism spectrum disorders
This chapter is published as: van der Cruijsen, R., Boyer, B.E. (2021). Explicit and implicit self-esteem in youth 

with autism spectrum disorders. Autism, 25(2), 349-360. doi: 10.1177/1362361320961006

Abstract
Although the link between self-esteem and psychopathology has been well established, 
studies on self-esteem in individuals with autism spectrum disorder are lacking. In this 
study, we aimed to (1) compare explicit and implicit self-esteem of youth with autism 
spectrum disorder to typically developing peers and to (2) explore relationships of 
implicit-, explicit-, and discrepant self-esteem measures with co-occurring internalizing 
and externalizing problems in youth with autism spectrum disorder. For this purpose, 
25 individuals with autism spectrum disorder and 24 individuals as age- and intelligence 
quotient–matched controls aged 8–16 years participated in this study. Results showed 
lower explicit self-esteem in autism spectrum disorder compared to typically developing 
youth and no differences in implicit self-esteem between groups. In youth with autism 
spectrum disorder, low explicit self-esteem was related to co-occurring depression 
symptoms, whereas lower implicit self-esteem was related to externalizing symptoms. 
These results show that youth with autism spectrum disorder are at risk for developing 
low explicit self-esteem, which appears to be related to often co-occurring internalizing 
symptoms. This emphasizes the need to focus more on self-esteem in assessment and 
treatment of youth with autism spectrum disorder. 



Exploring me in a world of we142 Exploring me in a world of we142

7

Introduction
Autism spectrum disorders (ASDs) are neurodevelopmental conditions encompassing 
difficulties with social relationships and communication, often accompanied with 
repetitive behaviour and unusually narrow interests (American Psychiatric Association, 
2013). In addition to these symptoms, youth with ASD may notice differences between 
themselves and typically developing (TD) peers on several other domains. For example, 
they might have co-occurring language difficulties that cause trouble expressing 
themselves in language or understanding the language of others, some children show 
discrepancies among various intellectual abilities, which may impact their academic 
achievement or have motor difficulties (American Psychiatric Association, 2013; Estes et 
al., 2011).

Children evaluate their achievements and their personality traits by comparing themselves 
to others and using feedback from others (Mann et al., 2004). In early childhood, 
feedback is mainly given by parents, but as children grow older, teachers and peers get 
a more prominent role in children’s lives and their feedback becomes more important 
for self-evaluation (Harter, 2012). These opinions of, comparisons with, and feedback of 
others can impact their self-esteem (Harter, 2012; Mann et al., 2004). Given the variety 
of domains in which youth with ASD might experience they are different compared to TD 
peers, and the possibility that they get confronted with these differences or are explicitly 
compared to TD peers, it might be harder for them to maintain a positive self-esteem 
(Mann et al., 2004).

Self-esteem is defined as the overall evaluation of one’s worth or value as a person (Bailey, 
2003; Harter, 2012). Negative or low self-esteem is a non-specific risk factor for mental 
health and has been associated with a wide range of internalizing and externalizing 
psychopathology (Cole, Jacquez, et al., 2001; Mann et al., 2004; Van Tuijl et al., 2014). 
Estimations show that 70% of children with ASD have at least one co-occurring disorder, 
whereas 41% have two or more, of which the most prevalent are anxiety disorders, 
major depressive disorder, oppositional defiant disorder, attention deficit hyperactivity 
disorder (ADHD), and obsessive–compulsive disorder (Leyfer et al., 2006; Mattila et al., 
2010; Simonoff et al., 2008). Moreover, the presence of these co-occurring disorders 
indicates significantly lower levels of functioning in children with ASD (Leyfer et al., 2006; 
Mattila et al., 2010). Following the vulnerability hypothesis of self-esteem, low self-esteem 
might be predictive of the development of co-occurring disorders in youth with ASD (van 
Tuijl et al., 2014). Importantly, it has been shown that adults with ASD indicate lower self-
esteem than TD adults (Cooper et al., 2017), making it especially pertinent to investigate 
self-esteem in youth with ASD: if self-esteem in ASD youth is indeed already low, this 
could be an important aim for treatment to reduce co-occurring psychopathology, 
enhance functioning, and possibly prevent self-esteem related problems later in life. 
Therefore, the two aims of this study are to thoroughly assess self-esteem in youth with 
ASD and to explore the association with their comorbid symptoms.

When measuring self-esteem, self-report questionnaires can be used, which rely on 
explicit reflection on one’s own self-worth, also called “explicit self-esteem.” Explicit self-
esteem is constructed by deliberate, rational, and evaluative cognitive processes and 
needs motivation, time, and cognitive resources (Strack & Deutsch, 2004). Reported 
explicit self-esteem might therefore be influenced by, for example, social desirability, 
attempts to inflate one’s self-evaluation, or problems with self-reflection (Buhrmester 
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et al., 2011). In individuals with ASD, deficits in social cognitive processing have been 
reported, in particular, with respect to coding of self-referential information (Lombardo 
et al., 2010). To date, one study investigated explicit self-esteem in youth with ASD, 
indicating lower explicit self-esteem in ASD compared to TD youth (McCauley et al., 2019). 
This is in line with studies focused on explicit measures of self-competence, a concept 
that correlates highly with self-esteem, in which youth with ASD rated themselves lower 
on social and athletic competence compared to their TD peers, but not lower on their 
self-worth (Bauminger et al., 2004; Vickerstaff et al., 2007; Williamson et al., 2008). 
Furthermore, some individuals with ASD are described to show relatively high levels of 
grandiosity (Abell & Hare, 2005), showing an overestimation of their competences or 
self-enhancement of their personality traits (Furlano et al., 2015; Lerner et al., 2012; 
Locke & Mitchell, 2016). All in all, studies on explicit self-esteem and self-competence 
in youth with ASD show mixed results, which could be a consequence of difficulties in 
reporting on their self-esteem. For this reason, in this study, we measured self-reported 
explicit self-esteem as well as an estimation of youth’s self-esteem by their parent.

Dual-process models propose that apart from the explicit, deliberate cognitive process 
of evaluating the self, there is also an impulsive or more “automatic” process (Strack & 
Deutsch, 2004), referred to as “implicit self-esteem.” Because implicit self-esteem is an 
impulsive, automatic process, it has also been defined as “a global self-evaluation that 
people are unable or unwilling to report.” Even though explicit and implicit self-esteem 
are believed to influence each other, they show little correlation (Bosson et al., 2000) 
and so are seen as two different constructs of self-esteem. Therefore, in this study, both 
explicit and implicit self-esteem were studied.

When cognitive resources are restrained, there are time-constraints, or purposeful 
reflection is not possible, this “implicit self-esteem” is shaped through automatic 
processing of affective experiences (Greenwald & Banaji, 1995; Koole & Pelham, 2003; 
van Tuijl et al., 2014). However, affective experiences have been shown to be qualitatively 
different in children with ASD compared to TD children (Hobson, 1986). In addition, youth 
with ASD may have less affective experiences due to difficulties in forming and maintaining 
close, affective friendships (Fuentes et al., 2012; Petrina et al., 2014). Therefore, although 
to date no studies have been conducted on implicit self-esteem of youth with ASD, we 
expected lower implicit self-esteem in youth with ASD than in TD youth.

A second objective in this study was to investigate the association of self-esteem with 
co-occurring symptoms in youth with ASD. A previous study on self-esteem in ASD 
showed that explicit self-esteem of youth with ASD was strongly related to symptoms of 
depression (McCauley et al., 2019). To date, relationships between explicit self-esteem 
and co-occurring externalizing symptoms and correlations between implicit self-esteem 
and co-occurring psychopathology have not been studied in youth with ASD. Previous 
studies in TD youth show that measures of implicit self-esteem often do not relate to 
internalizing psychopathology (Bos et al., 2010; Creemers et al., 2012; Van Tuijl et al., 
2014).

Measuring both implicit and explicit self-esteem enables us to additionally look at 
a possible discrepancy between the two. It has been reasoned that “discrepancies in 
either direction are maladaptive, because they represent deficient integration of self-
representations” and are associated with more negative effects on mental health than 
congruent low or high implicit and explicit self-esteem (Schröder-Abé et al., 2007). For 
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example, a combination of low implicit and high explicit self-esteem, also called “fragile 
self-esteem,” has been found in individuals high on narcissism (Zeigler-Hill, 2006). The 
reverse, a combination of high implicit and low explicit self-esteem, also called “damaged 
self-esteem,” has been associated with internalizing problems in TD individuals (Creemers 
et al., 2012; Leeuwis et al., 2015; Schreiber et al., 2012). Therefore, in this study, we 
will explore the association of self-esteem discrepancies and co-occurring symptoms in 
youth with ASD.

The first aim of this study was to investigate self-esteem in youth with ASD. We expected 
that (1a) youth with ASD show lower explicit self-esteem compared to TD youth (McCauley 
et al., 2019) as reported by themselves and their parents and (1b) youth with ASD show 
lower implicit self-esteem compared to TD youth (Greenwald & Banaji, 1995; Hobson, 
1986). The second aim of this study was to explore the association of self-esteem with co-
occurring symptoms in youth with ASD. We expected that (2a) measures of self-esteem 
(implicit and explicit separately) are negatively associated with measures of internalizing 
and externalizing co-occurring symptoms and (2b) the discrepancy between explicit and 
implicit self-esteem is related to co-occurring internalizing and externalizing symptoms. 
That is, we expect that as the discrepancy leans toward a relatively more damaged self-
esteem (lower explicit than implicit self-esteem), youth will experience more co-occurring 
symptoms (e.g. Creemers et al., 2012).

Methods

Participants
Thirty-three individuals with ASD and 29 TD peers participated in this study. Both groups 
were selected based on age (8–16 years) and intelligence quotient (IQ) (>80, see Table 2). 
IQ was estimated by two subtests (vocabulary and block design) of the Dutch Wechsler 
Intelligence Scale for Children (WISC-III-NL, Kort et al., 2005). These two subtests correlate 
highly with full scale IQ (M = 100, SD = 15; Sattler, 2001).

ASD group
The study was promoted by different outpatient mental health institutes of Lucertis GGZ 
and by the Dutch Association of Autism (NVA/Balans). All individuals that applied for the 
study had a prior clinical Diagnostic and Statistical Manual of Mental Disorders (4th ed., 
text rev.) (DSM-IV-TR) (Asperger, Classic Autism, or pervasive developmental disorder 
not otherwise specified (PDD-NOS); APA, 2000) or DSM-5 diagnosis of ASD (APA, 2013), 
determined by an independent child psychiatrist or certified psychologist. Diagnosis 
was confirmed using the social responsiveness scale (SRS; (Constantino & Gruber, 2005; 
Roeyers et al., 2011). In this study, only youth with a t-score of 65 or higher on the SRS 
were included: five children did not reach this criterion and were excluded. As will be 
described in more detail below, based on performance on the implicit association test 
(IAT), three more participants were excluded from further analyses. This resulted in an 
ASD group of n = 25 for analyses.

Within the ASD group, 16 children used medication, of which nine used methylphenidate, 
one used dexamphetamine, one used aripiprazole, and four used a combination of 
methylphenidate and aripiprazole. Children who used medication were asked to take 
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medication at least 1 h before assessment to make sure the influence of co-occurring 
problems (e.g. attention problems) on task performance was minimalized.

TD group
TD children were recruited on community schools that are part of the ESPRIT College in 
Amsterdam. Participants in the TD group did not have any clinical diagnoses and none 
of the participants had an SRS score above 65 (Constantino & Gruber, 2005; Roeyers et 
al., 2011). However, as will be described in more detail below, based on IAT performance, 
five more participants were excluded from further analyses, resulting in a TD group of 
n = 24 for analyses. None of the participants in the TD group used medication.

Instruments
Explicit self-esteem
To measure youth’s explicit self-esteem, we used three Dutch versions of the Rosenberg 
self-esteem scale (RSES): for children (RSES-C; 8–11 years), adolescents (RSES-A; 12–
18 years), and parents (RSES-P). Each version consisted of 10 items, and participants 
could respond on a scale of 1 (completely not true) to 4 (completely true). RSES scores 
ranged from 10 to 40, with higher scores indicating a more positive self-esteem. All 
three versions of this questionnaire consisted of the same items as the original, but 
the wording slightly differed to match the child’s age. For example, the sentence “I am 
able to do things as well as most other people” was adapted for children into “I am 
able to do things as well as most other children,” for adolescents into “I am able to do 
things as well as most other youth,” and for parents this sentence was preceded by the 
phrase: “My child thinks that he/she is able to do things as well as most other children.” 
Reported convergent validity (Cohen’s d = 0.6–0.8) and internal consistency (Cronbach’s 
α = 0.91) of the RSES are high (Sinclair et al., 2010). In the current sample, self-reported 
RSES ratings showed an internal consistency of Cronbach’s α = 0.80 in the TD group and 
Cronbach’s α = 0.90 in the ASD group. Parent-reported RSES internal consistency was 
Cronbach’s α = 0.92 in the TD group and Cronbach’s α = 0.93 in the ASD group.

Implicit self-esteem
To measure implicit self-esteem, we used the IAT (Greenwald & Farnham, 2000). 
Greenwald et al. (2003) described the IAT as “a measure of strengths of automatic 
associations.” Compared to other implicit tasks (e.g. evaluative priming task, affective 
priming task, and name letter task), the IAT showed the highest internal consistency 
(Cronbach’s α = 0.82; Spearman–Brown corrected split-half reliability = 0.75 to 0.83; Bar-
Anan & Nosek, 2014; Krause et al., 2011).

The IAT was programmed using INQUISIT Millisecond 3.0 (2012) software. During the 
task, participants categorized words into two target categories: “I” and “others” and two 
attribute categories: “positive” and “negative.” The “I” category consisted of seven words 
(I, me, myself, self, mine, own, my), as did the “others” category (other, he, she, they, his, 
hers, theirs). The attribute categories consisted of six positive words (smart, fun, beautiful, 
kind, winner, and important) and six negative words (stupid, annoying, ugly, unkind, loser, 
and irrelevant). In line with the original IAT, the task consisted of seven blocks (Greenwald 
& Farnham, 2000), in which the compatible blocks (“I” and “positive” categories on the 
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same side of the screen) and the incompatible blocks (“I” and “negative” categories 
on the same side of the screen) were first practiced and then assessed (see Table 1; 
Greenwald et al., 2003). In all blocks, trials were presented in a random order and the 
inter-trial interval was 250 ms. To prevent order effects, four counterbalanced sequences 
were divided randomly across participants (for details, see Table 1) (Lane et al., 2007). 

Table 1. Procedure Self-Esteem Implicit Association Test (counterbalance order 1)
Block No. of trials Function Categories assigned to

left-key response
Categories assigned to
right-key response

1 20 Practice I Others
2 20 Practice Positive Negative
3 20 Practice compatible I and Positive Others and Negative
4 40 Test compatible I and Positive Others and Negative
5 40 Practice Others I
6 20 Practice incompatible Others and Positive I and Negative
7 40 Test incompatible Others and Positive I and Negative

Note. To prevent effects of order (Greenwald et al., 1998) and handedness (Yu et al., 2016) blocks were randomly 
counterbalanced over children, resulting in 4 counterbalancing sequences: 1) block 1,2,3,4 are compatible with 
I/positive on the left, block 5,6,7 are incompatible, 2) block 1,2,3,4 are incompatible with I/negative on the 
right, block 5,6,7 are compatible, 3) block 1,2,3,4 are compatible with I/positive on the right, block 5,6,7 are 
incompatible, 4) block 1,2,3,4 are incompatible with I/negative on the left, block 5,6,7 are compatible. 

The relevant labels (“I” and “others” for the target categories and “positive” and “negative” 
for the attribute categories) were shown in the upper left and right corners of the 
screen for the entire duration of each block. In each trial, one of the words appeared 
in the centre of the screen. Participants had to indicate as quickly and as accurately as 
possible to what category the words belonged by pressing the keys “I” (right) or “E” (left) 
on a standard QWERTY keyboard. Both keys were accentuated on the keyboard with an 
orange tag. Stimuli remained on the screen until a correct response was given. When the 
response was incorrect, a red cross appeared on the screen and the participant had to 
respond again until the right answer was given.

Scoring and outliers
IAT scores were calculated using the D-measure with built-in error penalty (DBIEP). 
Greenwald et al. (2003) described DBIEP as “the preferred IAT measure when the IAT 
procedure allows subjects to correct errors and records latency to the occurrence of 
the eventual correct response.” The DBIEP measure includes performance on practice 
blocks, as implicit associations are strongest at the start of an IAT (blocks 3 and 6). 
Within DBIEP, latencies are corrected for individual variability (which in youth with ASD is 
beneficial, given the increased reaction time variability when children have co-occurring 
ADHD; Karalunas et al., 2014). Negative scores reflect negative associations toward the 
self related to others, whereas positive scores reflect positive associations toward the 
self related to others. A zero-score can be interpreted as a comparable attitude toward 
self and others. Finally, all children with total error percentages above 20%, or with 
latencies below 400 ms or above 10.000 ms, will be discarded as the number of errors 
and latency both affect the DBIEP score (Greenwald et al., 2003).

Internal consistency
We calculated the split-half reliability of the self-esteem IAT for both the ASD and the 
TD group. To this end, we listed all trials by the order of appearance, separately for 
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each stimulus type (I, other, positive, and negative), test block, and participant. Odd and 
even trials were separated, and two separate DBIEP scores were calculated for each 
participant (de Houwer & de Bruycker, 2007). Correlations between the separately 
calculated DBIEP scores of all youth with ASD resulted in a split-half reliability of r = 0.69. 
The split-half reliability of the self-esteem IAT in the TD group was r = 0.65. A Fisher r-to-z 
transformation showed that the split-half reliabilities in the ASD and TD group were not 
significantly different from one another (z = 0.23, p = 0.82).

Neutral IAT
Youth with ASD are known for their executive functioning problems, for example, 
working memory, inhibition, and task-switching (Demetriou et al., 2018), while the IAT is 
a cognitive task that uses a switching paradigm. Therefore, to test whether youth with 
ASD are just as capable as TD peers in doing an IAT, they first completed a “neutral” IAT. 
This neutral IAT is in every way comparable to the self-esteem IAT (same laptop was 
used, same syntax to analyse the task output, same positive and negative attributes), 
except for the target categories “I” and “others” that are replaced with neutral categories: 
“rooms” (living room, bedroom, kitchen, etc.) and “colours” (yellow, orange, purple, etc.). 
We compared error rates, latency, and DBIEP between ASD and TD groups, to make sure 
that results on the self-esteem IAT are not caused by cognitive or executive functioning 
problems in the ASD group.

Results showed that one child with ASD and three TD children had error rates in excess 
of 20%. After removal of these participants, no children had latencies below 400 ms or 
above 10.000 ms. One TD child had a high overall mean reaction time (SD = 4.5) causing a 
skewed distribution, so latency data were log transformed before analyses. Independent 
t-tests showed that error percentage (p = 0.41), mean overall latency (p = 0.48), and DBIEP 
scores (p = 0.07) were comparable between groups. This shows that youth with ASD are 
equally capable of doing an IAT task as their TD peers and results on the self-esteem IAT 
cannot be attributed to cognitive or executive functioning problems in the ASD group. 
However, the four children (one ASD and three TD) with high error rates on the neutral 
IAT were discarded from further self-esteem analyses, in case they did not understand 
the task or did not take it seriously.

Clinical presentations
Severity of ASD
Severity of ASD was measured using the SRS (Constantino & Gruber, 2005; Roeyers et al., 
2011): a parent-reported questionnaire used to screen for ASD. It is a 65-item scale that 
measures the ability to engage in emotionally appropriate reciprocal social situations 
in youth aged 4–17 years. It is rated on scale from 0 (“never true”) to 3 (“almost always 
true”), with higher scores indicating more problem behaviour.

Internalizing and externalizing symptoms
Internalizing and externalizing symptoms were assessed using the parent-reported child 
behaviour checklist (CBCL; Achenbach & Edelbrock, 1991; Verhulst et al., 1996). The 
CBCL consists of 112 questions, and results can be subdivided into an internalizing scale 
and an externalizing scale. Internal consistency ranges from 0.75 to 0.84 (Achenbach et 
al., 2003).
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Depression symptoms
Children self-reported on their depression symptoms using the child depression 
inventory (CDI; Sitarenios & Kovacs, 1999; Timbremont & Braet, 2002). A self-report 
measure of internalizing problems was added because child and parent-reported 
externalizing behaviour overlap more than child and parent-reported internalizing 
behaviour (Youngstrom et al., 2000). In this study, internal consistency was α = 0.67 in 
the TD group and α = 0.87 in the ASD group.

Procedure
After parents applied for the study, they were called to check inclusion criteria. When 
inclusion criteria were met, assessment took place at the mental health center where 
they applied or in the child’s home in a quiet room without others and with as little 
distraction as possible. Parents and children over 12 years signed informed consent 
before assessment. Instruments were always offered in the same order during 
assessments: First, parents were asked to fill in questionnaires and separate from the 
parent the child completed two WISC subtests and questionnaires. Next, the child did 
the neutral IAT and subsequently completed the self-esteem IAT.

Statistical analyses
Data of the self-esteem IAT were checked for outliers: four children had error 
percentages that exceeded 20% and were removed (nTD = 2, nASD = 2), resulting in 24 and 
25 participants in the TD and ASD groups, respectively. The normality assumption was 
violated for parent- and child-reported explicit self-esteem, the CDI, and the internalizing 
scale of the CBCL (i.e. for the total group and the TD group, not for the ASD group only). 
In addition, the assumption of homogeneity of variance was violated for all measures 
of internalizing, externalizing, and depression symptoms. Therefore, in the analyses, 
parametric tests were used when including only implicit self-esteem or only ASD subjects, 
whereas non-parametric tests were used in all other analyses. Groups were compared 
on demographic variables and co-occurring symptoms using independent t-tests or 
Mann–Whitney U-tests; gender was compared using a chi-square test.

To test our first hypothesis that explicit and implicit self-esteem are lower in youth with 
ASD, we compared these measures between ASD and TD groups, using Mann–Whitney 
U-tests (explicit self-esteem) and an independent t-test (implicit self-esteem). In addition, 
we tested whether parents and youth in both groups reported differently about youths’ 
self-esteem. For this purpose, we conducted a 2 (group: TD, ASD) × 2 (informant: parent, 
child) repeated measures analysis of variance (ANOVA). The ANOVA is a parametric test, 
while not all assumptions were met. This should be taken into account when interpreting 
these results.

To test our second hypothesis that negative explicit self-esteem, negative implicit self-
esteem, and the discrepancy between explicit self-esteem and implicit self-esteem are 
associated with co-occurring internalizing and externalizing symptoms in youth with 
ASD, we conducted three hierarchical regression analyses with explicit and implicit 
self-esteem (both centered around their means) in step 1 and the interaction between 
these two measures in step 2. Outcome variables were depression, internalizing, and 
externalizing symptoms.
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Results

Sample description
Groups did not differ in age (p = 0.24), IQ (p = 0.19), and gender (p = 0.12, see 
Table 2). Parents of youth with ASD reported their children higher on autistic 
traits (t(47) = −13.79, p < 0.001, d = 3.96), internalizing (U = 544.50, p < 0.001, 
d = 1.95), and externalizing symptoms (U = 542.50, p < 0.001, d = 1.92) compared 
to parents of TD children. Similarly, youth with ASD reported more depressive 
symptoms compared to their TD peers (U = 504.50, p < 0.001 d = 1.44). 

Table 2. Sample description and group comparison.

TD (n=24) ASD (n=25) Group 
comparison

M (SD) M (SD)
Demographics
  Gender N male 10 (41.67%) 16 (64.00%) p=.12
  Age 12.12 (2.30) 12.89 (2.21) p=.24
  IQ 111.88 (14.96) 106.00 (15.87) p=.19
  Severity ASD 26.00 (14.46) 96.96 (20.85) p<.001
Co-occurring symptoms
  Internalizing symptoms 6.92 (6.43) 22.52 (11.33) p<.001
  Externalizing symptoms 4.96 (4.16) 16.00 (7.98) p<.001
  Depression 5.45 (3.39) 13.52 (7.45) p<.001
Explicit self-esteem
  Rosenberg child 33.88 (4.64) 28.76 (6.60) p=.007
  Rosenberg parent 33.88 (6.42) 23.64 (7.30) p<.001
Implicit self-esteem
  DBIEP 0.33 (0.39) 0.22 (0.43) p=.32

Note. ASD=Autism Spectrum Disorder; DBIEP, D-score with build in error penalty; 
TD=Typically Developing.

Group comparison of explicit and implicit self-esteem
Participants with ASD showed lower explicit self-esteem compared to TD participants 
according to self-report (U = 165.00, p = 0.007, d = 0.84) and parent report (U = 96.00, 
p < 0.001, d = 1.44; for an overview of self-esteem measures, see Table 2 and Figure 1). 
In addition, the 2 × 2 repeated measures ANOVA showed a main effect of informant 
(F(47) = 7.63, p = 0.008, ηp

2 = 0.140), a main effect of group (F(47) = 24.40, p < 0.001, 
ηp

2 = 0.342), and a group × informant interaction (F(47) = 7.63, p = 0.008, ηp
2 = 0.140). 

A follow-up Wilcoxon signed ranks test (TD group) and paired t-test (ASD group) 
indicated similar self-esteem ratings indicated by parents (M = 28.76, SD = 6.60) and 
youth (M = 28.76, SD = 6.60) in the TD group (Z = −0.366, p = 0.714), while youth with ASD 
reported more positive about their self-esteem (M = 28.76, SD = 6.60) compared to their 
parents (M = 23.64, SD = 1.30) (t(24) = 3.63, p = 0.001, d = −7.33, 95% confidence interval 
(CI) = [2.21, 8.03]). Implicit self-esteem did not differ between youth with and without ASD 
(t(47) = 0.100, p = 0.32, d = 0.28, 95% CI = [−0.19, 0.35]).
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Explicit and implicit self-esteem as predictors of co-
occurring symptoms
To test whether the explicit self-esteem, implicit self-esteem, and the discrepancy 
between explicit and implicit self-esteem are related to co-occurring symptoms in youth 
with ASD, we conducted hierarchical multiple regression analyses on the ASD sample 
only. Results showed that explicit self-esteem was negatively related to depression 
symptoms (Table 3a, Figure 2a), whereas implicit self-esteem was negatively related to 
externalizing symptoms (Table 3c, Figure 2b). A recalculated CDI score (excluding 4 items 
that may overlap with self-esteem reports) correlated negatively with explicit self-esteem 
(r = −.672, p < .001). In the hierarchical regression with this adjusted measure of the CDI 
as dependent variable, explicit self-esteem remained a significant predictor (β = −.820, 
t(21) = −5.125, p < .001). The interaction between explicit and implicit self-esteem was 
not related to co-occurring depression, internalizing, or externalizing symptoms.

Table 3. Hierarchical regression analyses: Associations of implicit and explicit self-esteem 
and the interaction between both with (A) depression, (B) internalizing symptoms and (C) 
externalizing symptoms (N=25).

Depression
ΔR² B SE β p

(A) Depression
Step 1 .556
Explicit self-esteem -.894 .171 -.793 <.001*
Implicit self-esteem 3.971 2.646 .227 .148
Step 2 .053
Explicit self-esteem -.967 .169 -.857 <.001*
Implicit self-esteem 2.319 2.721 .133 .404
Interaction expl*impl -.484 .286 -.266 .105

(B) Internalizing symptoms
Step 1 .040
Explicit self-esteem -.323 .382 -.188 .406
Implicit self-esteem -.711 5.919 -.027 .905
Step 2 .004
Explicit self-esteem -.352 .403 -.205 .393
Implicit self-esteem -1.363 6.478 -.051 .835
Interaction expl*impl -.191 .681 -.069 .782

(C) Externalizing symptoms
Step 1 .362
Explicit self-esteem .318 .219 .263 .161
Implicit self-esteem -11.981 3.399 -.639 .002*
Step 2 .003
Explicit self-esteem .301 .231 .249 .208
Implicit self-esteem -12.388 3.718 -.661 .003*
Interaction expl*impl -.119 .391 -.061 .763

Note. Depression step 1 pchange<.001, step 2 pchange= .139; Internalizing symptoms step 1 pchange= 
.641, step 2 pchange= .782; Externalizing symptoms step 1 pchange= .007, step 2 pchange= .763.
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Figure 1. Comparisons of z-converted self-esteem measures between youth with ASD and TD (typically 
developing) peers.

Figure 2. Relationships of self-esteem and co-occurring symptoms in youth with ASD. (A) Negative 
relationships between explicit self-esteem and reported depression symptoms in youth with ASD. (B) 
Negative relationship between implicit self-esteem and externalizing symptoms in youth with ASD. 

Discussion
This study was the first to investigate both explicit and implicit self-esteem in youth with 
ASD and to additionally test for possible associations of self-esteem with co-occurring 
(internalizing and externalizing) symptoms in youth with ASD.

Explicit and implicit self-esteem
Our results showed lower explicit self-esteem in youth with ASD compared to TD youth 
according to self- and parent report. This is in line with previous studies showing lower 
self-esteem (McCauley et al., 2019) and lower social and athletic self-competence 
(Bauminger et al., 2004; McCauley et al., 2019; Vickerstaff et al., 2007; Williamson et al., 
2008) in youth with ASD compared to TD youth. Remarkably, parents of youth with ASD 
were more negative than their children about their child’s self-esteem, whereas in the TD 
group, parents’ ratings of their child’s self-esteem were similar to children’s ratings. There 
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are some possible explanations for this finding. First, youth with ASD might overestimate 
their explicit self-esteem, due to deficiencies in processing of self-referenced information 
(Lombardo et al., 2010). A second explanation could be that the parent reports within 
the ASD group are overly negative, for example, because parent reports might be based 
on excessive worrying about their child (Lee et al., 2008). Taken together, since both 
measures of explicit self-esteem are lower in the ASD compared to the TD group, results 
indicate that parents and children with ASD agree that the child has low explicit self-
esteem, but this is more pronounced in parent ratings within the ASD group.

In contrast to explicit self-esteem, we observed no group differences in implicit self-
esteem. This conflicts with our hypothesis that implicit self-esteem would be lower 
in youth with ASD. The self-esteem IAT was considered reliable in the ASD sample as 
performance on a “neutral” IAT was similar for ASD and TD youth (i.e. indicating no 
constraints due to, e.g. task-switching difficulties), and the self-esteem IAT showed similar 
split-half reliabilities as reported in previous studies (Bar-Anan & Nosek, 2014; Krause et 
al., 2011). Hence, this result indicates that despite youth with ASD may notice differences 
between themselves and their peers and have quantitatively (Fuentes et al., 2012; 
Petrina et al., 2014) and qualitatively (Hobson, 1986) less affective experiences, they feel 
a similar implicit valuation about themselves as their TD peers. A possible explanation 
for this could be that, while explicit self-esteem is proven to remain relatively stable 
over time, implicit self-esteem has been shown to be more state-like (Buhrmester et al., 
2011). For this reason, future studies may test implicit self-esteem on various occasions 
and locations, in order to obtain a state-independent measure of implicit self-esteem. 
Taken together, this study shows that youth with ASD have lower explicit self-esteem, but 
similar implicit self-esteem as compared to TD youth.

Relationship of self-esteem with internalizing and 
externalizing symptoms
The second aim of this study was to test whether self-esteem was related to co-
occurring internalizing and externalizing symptoms in youth with ASD. The current study 
showed that self-reported explicit self-esteem correlated negatively with self-reports of 
depression, replicating a previous study on self-esteem and depression in youth with ASD 
(McCauley et al., 2019). Nevertheless, it should be noted that the measured correlation 
might be stronger than the actual relationship, as having feelings of worthlessness is part 
of the diagnosis of depression (American Psychiatric Association, 2013). There may have 
been method-variance in both measures such that individuals who have the tendency to 
report negatively about themselves might similarly do so on both measures.

Interestingly, this study also showed a relationship between implicit self-esteem and 
externalizing symptoms in youth with ASD. Previous studies showed that implicit self-
esteem was not related to internalizing symptoms in TD youth (Bos et al., 2010; Van Tuijl 
et al., 2014) and our results add to this previous knowledge by revealing that instead, 
implicit self-esteem could be related to externalizing symptoms in youth with ASD. 
This result relates to observations in clinical practice, where children with suspected 
low implicit self-esteem tend to externalize, to overcompensate their low self-esteem 
(Attwood, 2003). Especially in adolescence, symptoms of externalizing behaviour often 
increase (Bongers et al., 2004; Maggs et al., 1995; Moffitt, 2017), so gaining knowledge 
about possible underlying mechanisms of this externalizing behaviour is important. As 



Exploring me in a world of we 153Exploring me in a world of we 153

7

this study is the first to reveal this relationship in youth with ASD, it should be carefully 
interpreted and future studies should aim to replicate this finding and possible processes 
underlying this relationship such as the involvement of spontaneous or impulsive 
behaviour (Rudolph et al., 2010).

Furthermore, in contrast to our expectation, the discrepancy between explicit and implicit 
self-esteem was not related to internalizing and externalizing symptoms in ASD (when 
correcting for main effects of explicit and implicit self-esteem). Even though previous 
research related a combination of high implicit and low explicit self-esteem (damaged 
self-esteem) to internalizing problems in TD youth (Creemers et al., 2012; Leeuwis et al., 
2015; Schreiber et al., 2012), in this study, we do not replicate this association in youth 
with ASD.

All in all, these results support the vulnerability hypothesis of self-esteem: low self-esteem 
appears to be predictive of the development of co-occurring disorders in youth with ASD 
such as depression and externalizing behaviour (Van Tuijl et al., 2014).

Limitations and future directions
This study has thoroughly investigated self-esteem in youth with ASD by including both 
self- and parent-reported measures of explicit self-esteem, and a measure of implicit 
self-esteem. Nevertheless, several limitations have to be acknowledged. First, our sample 
is relatively small and we have done multiple analyses. This means that power may have 
been too low to reveal group differences and it increases the risk on chance findings. 
Therefore, replication of our results is important, preferably in larger samples. Second, 
as our sample had a wide age range and was relatively young (Mage = 12.9) and self-
esteem generally decreases from childhood into adolescence (Harter, 2012), this may 
have confounded our results. Future studies are advised to use a sample with a more 
specific age range to investigate self-esteem in a given life-phase or to test development 
of self-esteem between childhood and adolescence in a larger sample. Third, to date, 
the self-esteem IAT has not been validated in children and adolescents and it is unclear 
whether implicit self-esteem is already “stable” in this age category given the fluctuating 
explicit self-esteem (Van Tuijl et al., 2014). Finally, in this study, participants always 
first completed the explicit self-esteem questionnaires before conducting the implicit 
association task. Previous studies have shown that this can lead to order effects such 
that correlations between implicit and explicit self-esteem measures may be higher than 
when the implicit self-esteem task was performed first (Bosson et al., 2000). Although 
the order effect in the current sample may be reduced as a result of our participants 
completing a neutral IAT task in between the two measures of self-esteem, it is important 
to note that the explicit self-esteem ratings may have influenced the implicit self-esteem 
measure. The question is, therefore, whether having only one assessment of implicit self-
esteem, offered directly after the explicit measure gives the best estimate of how these 
children perceive themselves in daily life. In future studies it is therefore recommended to 
measure implicit self-esteem more than once and preferably in a common environment 
(e.g. at school or at home) and independent of an explicit measure of self-esteem, to be 
sure of a stable estimate.
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Clinical implications
The results of this study have several clinical implications. First, youth with ASD are at 
risk for developing low self-esteem. When examining self-esteem in youth with ASD, 
both the perspectives of the child and the parent seem important: self-reported self-
esteem seems like a better predictor of co-occurring problems than parent-reported 
self-esteem, but youth with ASD may underreport problems as compared to their 
parents. Therefore, we suggest that the use of multiple informants is valuable. Second, 
this study showed that low self-esteem is associated with co-occurring depressive 
symptoms and externalizing behaviour in youth with ASD. As these symptoms or even 
disorders often coincide with ASD (Simonoff et al., 2008), future studies might investigate 
whether improving self-esteem would be beneficial to reduce co-occurring symptoms. 
Previous studies in adults with eating disorders, depressive disorder, or schizophrenia 
showed that cognitive behavioural therapy aiming at improvement of self-esteem, 
not only improved self-esteem but also improved depressive symptoms (Korrelboom 
et al., 2009, 2011, 2012; Van Der Gaag et al., 2012). Therefore, it seems important to 
explore treatment possibilities to improve self-esteem in youth with ASD as well. Even 
though replication of these results is necessary, this study shows the importance 
to focus more on self-esteem in assessment and treatment of youth with ASD. 



Exploring me in a world of we 155Exploring me in a world of we 155

7



Exploring me in a world of we156 Exploring me in a world of we156

8



Exploring me in a world of we 157Exploring me in a world of we 157

8

Chapter 8
Alexithymic traits can explain the 
association between puberty and 

symptoms of depression and anxiety in 
adolescent females

This chapter is published as: van der Cruijsen, R., Murphy, J., & Bird, G. (2019). Alexithymic traits can explain 
the association between puberty and symptoms of depression and anxiety in adolescent females. PLoS one, 

14(1), e0210519. doi: 10.1371/journal.pone.0210519

Abstract
Symptoms of internalizing disorders such as depression and anxiety increase in 
adolescence, especially in females. However, gender differences in depression and 
anxiety symptoms emerge only after puberty onset. Levels of alexithymia, characterized 
by difficulties identifying and describing one’s emotions, are elevated in depression 
and anxiety, and fluctuate across adolescence in a gender-specific manner. This study 
investigated changes in alexithymia across adolescence, and explored the potential role 
of alexithymia in the development of depression and anxiety, separately for females and 
males. Accordingly, 140 adolescents aged 11 to 21 years (77 female) completed self-
report measures of alexithymia, depression and anxiety, and pubertal development. For 
females alone, pubertal maturation was associated with alexithymic traits (specifically 
difficulties identifying and describing feelings), as well as symptoms of depression 
and anxiety. After accounting for alexithymia, the relationship between puberty and 
depression and anxiety was absent or reduced in females. Thus, alexithymic traits may 
have differential consequences for males and females, and possibly contribute towards 
increased depression and anxiety symptoms in females during adolescence. We propose 
that developmental changes in alexithymia should be considered when studying the 
onset and development of internalizing psychological disorders during adolescence.
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Introduction
Adolescence is a developmental period associated with considerable physical, social, 
and psychological change (Dahl, 2004; Harter, 2012; Hayward & Sanborn, 2002). It is 
also the period within which a number of psychiatric conditions, including depression 
and anxiety, are most likely to have their onset (Giedd et al., 2008; Kessler et al., 2005). 
These observations have prompted the suggestion that the changes experienced in 
adolescence (for example changes related to puberty) may confer vulnerability for the 
development of psychiatric conditions, rather than, or in addition to, chronological age 
(Alloy et al., 2016; Tondo et al., 2017).

It has previously been suggested that the onset of psychopathology, and increased levels 
of subclinical depression and anxiety, may be explained by age, pubertal status (i.e. stage 
of maturation), and pubertal timing (i.e. stage of maturation relative to same-aged peers; 
Dorn et al., 2006). With respect to age, studies demonstrate age-dependent increases 
in depressive symptoms across adolescence (Hankin et al., 1998; Hankin et al., 2015; 
Lewinsohn et al., 2000), whereas symptoms of anxiety have been found to decrease 
in early adolescence (age 10 to 13–14), and rise again from age 14–15 (Costello et al., 
2003; Van Oort et al., 2009). With respect to puberty, multiple studies indicate that both 
pubertal status and pubertal timing are related to symptoms of depression and anxiety 
(Alloy et al., 2016; Hankin, 2009; Nolen-Hoeksema et al., 1999), and to the onset of 
clinical depression and anxiety disorders (Grant et al., 2005; Kessler et al., 1994; Schuch 
et al., 2014; Tondo et al., 2017). These results highlight the necessity of accounting for 
pubertal stage and pubertal timing in addition to age when investigating the impact of 
adolescence on psychiatric symptoms.

Effects of puberty appear to interact with gender; although females experience 
depression and anxiety more often than males, these gender differences only emerge 
after the onset of puberty (Altemus et al., 2014; Angold et al., 1998; Conley & Rudolph, 
2009; Hayward & Sanborn, 2002; Mendle, 2014). Indeed, when directly compared, it 
was found that pubertal status predicted the emergence of depression-related gender 
differences better than age (Angold et al., 1998). Moreover, early pubertal timing has 
been associated with symptoms of depression and anxiety in females (Conley & Rudolph, 
2009; Kaltiala-Heino et al., 2003; Reardon et al., 2009), whereas in males, late pubertal 
timing has been related to disruptive behaviour and symptoms of depression (Conley & 
Rudolph, 2009; Graber et al., 2004; Kaltiala-Heino et al., 2003).

It can be seen therefore, that all three developmental measures (age, pubertal stage, 
and pubertal timing) have previously been related to an increase in symptoms of 
depression and anxiety in adolescence, with specific effects of puberty being dependent 
upon gender. Although evidence for a link between adolescent development and anxiety 
and depression is substantial, at present the mechanism by which age and pubertal 
factors increase vulnerability to depression and anxiety is unknown. This study aims to 
ascertain whether alexithymia has the potential to explain the link between adolescent 
development and depression and anxiety.

Alexithymia, psychopathology, and adolescence
Alexithymia (or: pensée operatoire, as it is often described in French-language literature 
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(Taylor et al., 2016) is a sub-clinical condition characterised by an inability to identify and 
describe emotions, together with an externally oriented thinking style (Sifneos, 1973). 
Alexithymic traits are therefore typically measured across three subscales: difficulty 
identifying feelings (DIF), difficulty describing feelings (DDF), and externally oriented 
thinking (EOT). The clinical relevance of alexithymia is increasingly being recognized 
(Kajanoja et al., 2017), not least because increased rates of alexithymia are observed in 
both adolescents and adults with a range of psychiatric disorders; for example eating 
disorders (Courty et al., 2015; Karukivi, Hautala, Korpelainen, et al., 2010), schizophrenia 
(van ’t Wout et al., 2007; van der Meer et al., 2009), and Autism Spectrum Disorder (ASD) 
(Griffin et al., 2016; Lombardo et al., 2007). Of relevance to the current study is that 
alexithymia, specifically the subscales relating to difficulties identifying and describing 
feelings, is often associated with symptoms of depression and anxiety (Hendryx et al., 
1991; Honkalampi et al., 2000, 2009; Karukivi et al., 2010; Marchesi et al., 2000).

Also of relevance is the impact of adolescence on rates of alexithymia, and how this is 
moderated by gender. The overall prevalence of alexithymia is higher in adolescents 
(18%) (Gatta et al., 2014) than in adults (8–10%) (Salminen et al., 1999); with higher 
rates in early adolescence, decreasing to adult levels by late adolescence (Gatta et al., 
2014; Säkkinen et al., 2007). Although several studies show higher rates of alexithymia 
in males compared to females in adult samples (Honkalampi et al., 2000; Salminen et 
al., 1999), this pattern is reversed in adolescence (Honkalampi et al., 2009; Joukamaa 
et al., 2007). During adolescence, levels of alexithymia are age- and gender-dependent: 
total alexithymia scores and DDF scores show a negative relationship with age over 
adolescence in males, whereas total alexithymia, DIF, and DDF scores remain more stable 
in females (Gatta et al., 2014). To our knowledge, however, no studies have investigated 
the development of alexithymia scores in relation to pubertal status or pubertal timing.

The link between adolescence and alexithymia, and between alexithymia and depression 
and anxiety, makes it possible that alexithymic traits can explain the link between 
adolescent development and depression and anxiety. Based on existing research, 
it is unclear whether any effect will be between age, puberty stage or pubertal timing 
and depression/ anxiety, although there is reason to believe that these relationships 
(especially those involving pubertal factors) may be gender-specific.

Current study
The present study aimed to 1) investigate the effect of age, pubertal status, and pubertal 
timing on alexithymia, 2) identify the relationship between age, pubertal status, pubertal 
timing, and depression and anxiety, and 3) examine whether alexithymia has the potential 
to explain the relationship between age/pubertal status/pubertal timing, and symptoms 
of depression and anxiety.

These relationships were separately examined for each of the three alexithymia subscales 
as evidence suggests that they are differentially related to clinical outcomes. Although 
there are high correlations between DIF and DDF scores, correlations between these 
subscales and EOT scores are lower (Gohm & Clore, 2000). Additionally, DIF and DDF 
scores but not EOT scores are related to depression and anxiety (Hendryx et al., 1991; 
Karukivi, Hautala, Kaleva, et al., 2010; Marchesi et al., 2000). Analyses were conducted 
separately for males and females due to the evidence reviewed above that pubertal 
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influences on depression and anxiety vary according to gender (e.g. Altemus et al., 2014; 
Mendle, 2014), the greater incidence of depression and anxiety in adolescent females 
in comparison to males (e.g. Conley & Rudolph, 2009; Mendle, 2014), and the fact that 
pubertal status reflects different bodily changes in males and females.

In line with previous evidence we predicted that symptoms of depression and anxiety 
would increase with age (e.g. Costello et al., 2003; Hankin et al., 2015) and pubertal status 
(Alloy et al., 2016; Hankin, 2009; Nolen-Hoeksema et al., 1999), and that early pubertal 
timing would relate to higher depression and anxiety scores than late pubertal timing in 
females (Conley & Rudolph, 2009; Mendle et al., 2007; Reardon et al., 2009; Wasserman 
et al., 2012). Additionally, we predicted that any shared variance between alexithymia 
and age/pubertal status/pubertal timing when predicting symptoms of anxiety or 
depression would be specific to the DIF and DDF subscales, since these have previously 
been found to relate to depression and anxiety (Hendryx et al., 1991; Honkalampi et al., 
2009; Marchesi et al., 2000).

Methods

Participants
A total of 160 adolescents participated in this study, of whom 20 were excluded due to 
incomplete puberty assessments. Accordingly, a total of 140 healthy adolescents (77 
female) were included in analyses. Ages ranged between 11.0 and 20.9 years in females 
(Mage = 15.97, SD = 3.0), and 11.0 to 20.7 years in males (Mage = 16.21, SD = 2.9). Pubertal 
stage was measured on a continuous scale with possible scores from 5 to 20, indicating 
individuals for whom puberty has not yet begun, and individuals for whom pubertal 
development is complete, respectively. In females, pubertal status scores ranged from 5 
to 20 (mean Pubertal status score (PS) = 15.3, SD = 3.5), and from 5 to 20 in males (mean 
PS = 14.3, SD = 4.2) (see Table 1 for more details).

Participants were recruited via talks at schools: adolescents could indicate their interest in 
participating in scientific research via www.juniorhersenen.nl. Prior the start of this study, 
we selected adolescents within the intended age-range and called them (and parents of 
minors) to inform them about the study and ask whether they would be interested in 
participating. All adolescents who decided to participate, and parents of minors, gave 
written informed consent before inclusion in the study. No participants were diagnosed 
with depression or anxiety at the time of the study. The study was approved by the 
Medical Ethics Committee (CME) of the Leiden University Medical Centre (LUMC). All 
procedures performed in studies involving human participants were in accordance with 
the ethical standards of the institutional and/or national research committee and with 
the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
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Table 1. Number of Participants per age, PS score and gender as included in the final 
sample

Age
Mean PS score Number of participants

Females Males Total Females Males Total
11years 8.6 7.6 8.3 10 5 15
12 years 12.2 10.3 11.3 6 6 12
13 years 16.4 9.6 13.0 7 7 14
14 years 15.0 15.4 15.2 7 7 14
15 years 17.0 13.8 15.8 9 5 14
16years 16.0 14.8 15.5 7 6 13
17years 17.0 18.3 17.5 9 6 15
18years 16.1 17.6 16.9 7 7 14
19years 18.1 16.1 17.1 7 7 14
20years 17.6 17.7 17.7 8 7 15

Note. PS=Pubertal Status

Measures
Descriptive information for each measure, and statistical differences between females 
and males on these measures, can be found in Table 2.

Pubertal status
The Pubertal Development Scale (PDS; Petersen et al., 1988) was used to measure 
pubertal status. The internal reliability of this scale in this sample was assessed using 
Cronbach’s alpha (females: ɑ = .72, males: ɑ = .86). This scale assesses changes in body 
hair, skin changes, and growth rate in females and males. Gender-specific pubertal 
changes are also quantified; voice changes and facial hair growth in males, and breast 
growth and menarcheal status in females. The items are rated on a scale of 1 to 4 (1 = no 
development, 2 = development has just begun, 3 = development is definitely underway, 
and 4 = development is complete). The menarche item is rated 1 (no) or 4 (yes). The total 
PDS score was used in analyses.

Pubertal timing
To calculate pubertal timing, we regressed PDS scores onto age in this sample. The 
regression equation was used to estimate the expected PDS score based on age (for 
females: r = .68, p < .001; Y = 0.82x + 2.56; for males: r = .73, p < .001; Y = 1.07x−2.38). 
Subsequently, we calculated pubertal timing for each participant by subtracting the 
expected PDS score (based on age) from the actual PDS score (Dorn et al., 2006; Ellis et 
al., 1999; Ellis & Garber, 2000). As a result, positive scores on pubertal timing indicate a 
relatively early pubertal timing, whereas negative scores indicate a relatively late pubertal 
timing for the participant’s age.

Alexithymia
To measure alexithymia, participants completed the Alexithymia Questionnaire for 
Children (AQC; Rieffe et al., 2006). Like the adult version (Bagby et al., 1994), this scale 
consists of 20 items assessing the three alexithymia subscales: Difficulty Identifying 
Feelings (DIF; e.g. ‘I am often confused about what emotion I am feeling’), Difficulty 
Describing Feelings (DDF; e.g. ‘It is difficult for me to find the right words for my feelings’), 
and Externally-Oriented Thinking (EOT; e.g. ‘I prefer to just let things happen rather than 
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to understand why they turned out that way’). The items are rated on a scale of 1 to 
3 (1 = not true, 2 = a bit true, 3 = true). The internal reliability of the subscales in this 
sample was assessed using Cronbach’s alpha (DIF: ɑ = .79, DDF: ɑ = .76, EOT: ɑ = .59). 

Table 2. Descriptive statistics of all measures, and statistical differences between females 
and males on these measures

Females Males

M SD M SD U
Age 15.97 3.00 16.21 2.89 2320.0
Pubertal Statusa 15.30 3.54 14.33 4.22
Pubertal Timinga -.05 2.58 -.02 2.89
Alexithymia 34.47 5.32 33.22 5.95
   DIF 11.70 2.98 10.19 2.83 1645.5**
   DDF 9.51 2.47 8.99 2.79 2106.5
   EOT 13.26 2.88 14.05 2.77 1992.0
RCADS 28.05 15.28 20.10 10.64
   MD 5.88 3.71 5.22 3.86 2116.0
   GA 5.23 2.64 3.83 2.14 1647.5**
   SP 8.87 4.90 5.89 3.61 1491.5***
   PD 3.30 3.03 1.75 1.82 1668.0**
   SA 2.69 2.23 1.37 1.51 1464.0***
   OCD 2.08 2.39 2.05 1.96 2336.0

Note. Pubertal status=scores on the pubertal development scale; higher scores indicate a more mature 
pubertal state. Pubertal timing=pubertal development relative to same-aged peers; positive scores indicate 
a relatively early pubertal timing, negative scores indicate a relatively late pubertal timing, Alexithymia 
subscales: DIF=Difficulty Identifying Feelings, DDF=Difficulty Describing Feelings, EOT=Externally Oriented 
Thinking. RCADS=Revised Child Anxiety and Depression Scale, subscales: MD=Major Depression, 
GA=Generalized Anxiety, SP=Social Phobia, PD=Panic Disorder, SA=Separation Anxiety, OCD=Obsessive 
Compulsive Disorder. To test for significant differences between females and males on all measures a Mann-
Whitney U-test was performed. U = the value of Mann-Whitney’s U test. *** Difference between females 
and males is significant at p<.001, ** p<.01,  * p<.05 (2-tailed). aNote that it is not appropriate to compare 
pubertal measures in males and females as scores index different processes and are scored differently. 

Depression / Anxiety
To assess symptoms of depression and anxiety participants completed the Revised Child 
Anxiety and Depression Scale (RCADS; Chorpita et al., 2000). This scale consists of 47 
items and is specifically developed to measure DSM-IV symptoms of major depression 
(MD), generalized anxiety (GA), social phobia (SP), panic disorder (PD), separation anxiety 
(SA), and obsessive-compulsive disorder (OCD) in adolescents. The items are rated on a 
scale of 0 (never) to 3 (always). The internal reliability of the subscales was assessed using 
Cronbach’s alpha (MD: ɑ = .80, GAD: ɑ = .68, SP: ɑ = .85, PD: ɑ = .73, SA: ɑ = .63, OCD: ɑ 
= .67). Participants’ minimum, maximum and mean scores on these measures, plus the 
lowest and highest possible scores, can be found in S1 Table.

Procedure
This study was part of a larger study (the Leiden Self-Concept study) that consisted of 
two parts. First, participants completed the RCADS at home. Second, participants visited 
the lab where they completed the PDS, and the AQC. Questionnaires were completed no 
longer than one week before the lab visit.
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Statistical analyses
All analyses were performed separately for females and males. First, we examined the 
intercorrelations between the developmental factors (age, pubertal status, and pubertal 
timing) and alexithymia, depression, and anxiety. Second, where a relationship between 
developmental factors and depression/anxiety symptoms was found, we also tested for 
effects of the three alexithymia subscales on the relationship between the developmental 
factor and depression and anxiety using hierarchical regression analyses to see whether 
alexithymic traits have the potential to explain some of the relationships between 
developmental factors and psychiatric symptoms. Because of the relatively skewed 
distributions of the residuals, especially within the analyses performed in males (see 
plots in S1 Fig), we performed subsequent entry method robust regressions to confirm 
our results (Field & Wilcox, 2017). Robust regressions were conducted in Matlab 2014a 
and the default tuning function (‘bisquare’; 4.685) was utilised. This regression method 
down weights the influence of extreme data points, reducing the influence of data points 
that can exert a large influence on the results derived from the least-squares method. 
When data is normal, the robust and least-squares methods produce very similar results 
(see Field & Wilcox, 2017).

Results
Where parametric tests are used, all required assumptions were met. To test for possible 
differences in alexithymia scores between females and males, a Mann-Whitney U-test 
was performed (Table 2). Results showed that females (M = 11.7, SD = 3.0) indicate more 
difficulties identifying feelings than males (M = 10.2, SD = 2.8; U = 1645.5, p = .001). 
Alexithymia ratings on the other two subscales did not differ between males and females 
(all p-values >.07).

Development of alexithymia symptoms
Table 3 reports the correlations between all alexithymia subscales and age, pubertal 
status, and pubertal timing, separately for females and males. In females, EOT correlated 
negatively with age and pubertal status, whereas DIF and DDF correlated positively with 
pubertal status and pubertal timing. Furthermore, total alexithymia score correlated 
positively with pubertal timing. In males, EOT correlated negatively with age, pubertal 
status, and pubertal timing.

Development of symptoms of depression and anxiety
Table 4 describes the relationship between the RCADS subscales and age, pubertal 
status, and pubertal timing. In females, symptoms of depression correlated positively 
with pubertal status and pubertal timing. Symptoms of social phobia correlated positively 
with pubertal status, while symptoms of generalized anxiety disorder correlated positively 
with pubertal status and age. In males, symptoms of generalized anxiety disorder were 
positively correlated with age as in females. Separation anxiety correlated negatively with 
pubertal status and pubertal timing.
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Relationship between alexithymia and symptoms of 
depression and anxiety
Table 5 presents correlations between the alexithymia and RCADS subscales. In females, 
DIF correlated positively with all RCADS subscales. DDF correlated positively with RCADS 
subscales major depression, generalized anxiety, and social phobia, and EOT correlated 
negatively with generalized anxiety. In males, DIF correlated positively with all RCADS 
subscales except separation anxiety. DDF correlated positively with RCADS subscales 
major depression, generalized anxiety, social phobia, and panic disorder, and EOT 
correlated positively with separation anxiety in males.

Effects of alexithymia in a hierarchical regression model
Hierarchical regression analyses were used to test whether alexithymic traits have the 
potential to contribute towards, or explain, the relationship between developmental 
factors (age/pubertal status/pubertal timing) and symptoms of depression and 
anxiety. Analyses were only performed where there were significant correlations 
between alexithymia and developmental factors, alexithymia and symptom levels, and 
developmental factors and symptom levels. Note that separate analyses were performed 
for each developmental variable (age, pubertal status, pubertal timing), and for each of 
the different RCADS subscales, where the pattern of zero-order correlations made an 
effect of alexithymia possible.

Females
In females, we tested the effect of adding alexithymia to regression models testing 
the relationship between age and generalized anxiety symptoms. Next, we tested the 
effect of adding alexithymia to regression models testing the relationship between 
pubertal status and major depression, generalized anxiety symptoms, and social phobia 
scores. Subsequently, we tested the effect of adding alexithymia to models testing the 
relationship between pubertal timing and depression (see S2 Table).

Adding alexithymia subscales in the second step of the regression improved all tested 
models: the regression of generalized anxiety on age (r2change = .29, Fchange = 10.70, p 
< .001), the regression of major depression symptoms (r2change = .23, Fchange = 8.18, 
p < .001), generalized anxiety symptoms (r2change = .25, Fchange = 9.38, p < .001), and 
social phobia symptoms (r2change = .22, Fchange = 7.23, p < .001) on pubertal status, 
and the regression of major depression symptoms on pubertal timing (r2change = .24, 
Fchange = 8.69, p < .001).

In these five models, only DIF was a significant predictor of depression and anxiety 
symptoms (age—generalized anxiety: t = 4.94, p < .001; pubertal status—major 
depression: t = 4.74, p < .001; pubertal status—generalized anxiety: t = 4.74, p < .001; 
pubertal status—social phobia: t = 3.48, p = .001; pubertal timing—major depression: t = 
4.67, p < .001). Only in the regression model predicting major depression symptoms from 
pubertal status did the developmental factor remain a significant predictor in the model 
when alexithymia scales were included (pubertal status: t = 2.01, p = .048). Conversely, 
when alexithymia subscales were added in the first step, and the developmental factor 
was added in the second step, only in the model predicting major depression symptoms 
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from pubertal status did the developmental factor significantly increase the amount of 
variance explained (r2 change = .04, F change = 4.04, p = .048; in the other models, all 
p-values > .06).

Table 3. Correlations between age, pubertal status and pubertal timing, and alexithymia 
subscales

Females Males

Age Pubertal 
Status

Pubertal 
Timing Age Pubertal 

Status
Pubertal 
Timing

DIF .075 .257* .282* .114 .224 .207
DDF .115 .315** .324** .136 .214 .168
EOT -.462** -.299** .026 -.369** -.461** -.280**
Note. Pubertal status=scores on the pubertal development scale; higher scores indicate a more mature 
pubertal state. Pubertal timing=pubertal development relative to same-aged peers; positive scores indicate a 
relatively early pubertal timing, negative scores indicate a relatively late pubertal timing, Alexithymia subscales: 
DIF=Difficulty Identifying Feelings, DDF=Difficulty Describing Feelings, EOT=Externally Oriented Thinking. 
**Correlation is significant at p<.01 (2-tailed).  *Correlation is significant at p<.05 (2-tailed).

Table 4. Correlations between age, pubertal status and pubertal timing, and symptoms 
of depression and anxiety.

Females Males

Age Pubertal 
Status

Pubertal 
Timing Age Pubertal 

Status
Pubertal 
Timing

MD .164 .330** .299* .002 -.002 -.005
GA .268* .319** .185 .254* .088 -.142
SP .131 .229* .191 .171 .032 -.136
PD .063 .145 .140 -.137 -.188 -.129
SA -.133 .032 .170 -.236 -.420** -.363**
OCD -.031 .069 .123 -.082 -.076 -.024
Note. Pubertal status=scores on the pubertal development scale; higher scores indicate a more mature 
pubertal state. Pubertal timing=pubertal development relative to same-aged peers; positive scores indicate a 
relatively early pubertal timing, negative scores indicate a relatively late pubertal timing, MD=Major Depression, 
GA=Generalized Anxiety, SP=Social Phobia, PD=Panic Disorder, SA=Separation Anxiety, OCD=Obsessive 
Compulsive Disorder **Correlation is significant at p<.01 (2-tailed). *Correlation is significant at p<.05 (2-tailed).

Table 5. Correlations between alexithymia subscales, and depressive and anxiety 
symptoms.

Females Males
DIF DDF EOT DIF DDF EOT

MD .529** .227* -.152 .488** .392** .085
GA .542** .270* -.230* .407** .280* .029
SP .490** .352** -.173 .269* .319* .036
PD .385** .157 -.128 .354** .266* .117
SA .331** .079 .148 .116 .128 .282*
OCD .510** .125 .031 .316* .175 .080
Note. Subscales of alexithymia: DIF=Difficulty Identifying Feelings, DDF=Difficulty Describing Feelings, 
EOT=Externally Oriented Thinking. Anxiety/Depression ratings: MD=Major Depression, GA=Generalized 
Anxiety, SP=Social Phobia, PD=Panic Disorder, SA=Separation Anxiety, OCD=Obsessive Compulsive 
Disorder.  **Correlation is significant at p<.01(2-tailed).          *Correlation is significant at p<.05 (2-tailed). 
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Males
In males we tested the effect of adding alexithymia to regression models testing the 
effect of 1) pubertal status, and 2) pubertal timing on separation anxiety (see S2 Table). 
Adding alexithymia subscales in the second step of the regression did not improve these 
models: the regression of pubertal status (r2 change = .066, F change = 1.68, p = .181) and 
pubertal timing (r2 change = .071, F change = 1.71, p = .175) on symptoms of separation 
anxiety. In these models, none of the alexithymia subscales were significant predictors 
of separation anxiety symptoms (pubertal status—separation anxiety: all p-values < .26; 
pubertal timing—separation anxiety: all p-values < .23). Conversely, when alexithymia 
subscales were added in the first step, and the developmental factor was added in 
the second step, in both models the developmental factor significantly increased the 
amount of variance explained (pubertal status: r2 change = .15, F change = 11.70, p = 
.001; pubertal timing: r2 change = .11, F change = 8.18, p = .006).

Robust regressions
To confirm the above regression analyses, we conducted additional robust analyses. As it 
is not possible to conduct hierarchical regressions in these analyses, we performed two 
separate analyses for each of the above tested models: one with only the developmental 
factor as a predictor, and one with the developmental factor and the alexithymia 
subscales as predictors. These analyses confirm the results described above.

In females, the developmental factor was significant in all five models when added 
as the only predictor (modelling generalized anxiety as a function of (1) age and (2) 
pubertal status, modelling major depression from (3) pubertal status and (4) pubertal 
timing, and modelling social phobia as a function of (5) pubertal status; all p-values < 
.018). In all five models, the developmental factor was not significant when the three 
alexithymia subscales were added as additional predictor variables (all p-values>.07; 
see S3 Table). In all models including both the developmental factor and alexithymia 
subscales, DIF contributed significantly to the outcome variable (all p-values < .002). 
Only in the model with social phobia did EOT additionally (negatively) predicted this 
outcome variable (p = .007). In males, the developmental factor was significant in 
both models when added as the only predictor (modelling separation anxiety as a 
function of (1) pubertal status and (2) pubertal timing; both p-values < .026), and these 
factors remained significant in the models including alexithymia predictor variables 
(both p-values < .013; see S4 Table). None of the alexithymia subscales significantly 
contributed to separation anxiety (all p-values>.18).

The use of mediation analyses with cross-sectional data for making casual inferences 
has been questioned (David A. Cole & Maxwell, 2003; Maxwell et al., 2007). However, as 
we aimed to identify a potential mechanism accounting for developmental influences on 
depression and anxiety, mediation analyses could be considered to be an appropriate 
alternative way to test our hypotheses. Therefore, we confirmed our previously described 
results using mediation analyses, and present these analyses in the Supporting 
Information (S1 File).
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Discussion
The main goals of this study were to explore the effect of developmental factors 
including age, pubertal development, and pubertal timing on levels of alexithymia, 
and to test whether alexithymia has the potential to explain the relationship between 
developmental factors and symptoms of depression and anxiety. As predicted, we 
found that these relationships were largely moderated by gender, although symptoms 
of depression and anxiety were related to DIF in both males and females. Only in females 
did alexithymia have the potential to explain the effect of development on depression 
and anxiety; the inclusion of DIF as a predictor in the regression analyses reduced the 
size (and statistical significance) of the association between pubertal status and pubertal 
timing and symptoms of depression, and the relationship between pubertal status and 
generalized anxiety and social phobia symptoms. The discussion is organized according 
to these findings. Each section first describes common results for females and males, 
before discussing results unique to females and then to males.

Developmental effects on levels of alexithymia
Developmental effects on levels of alexithymia varied as a function of gender and 
alexithymia subscale. While externally-oriented thinking decreased with age and pubertal 
status in both females and males, increasing pubertal maturity was related to increasing 
difficulties in identifying and describing feelings in females. Earlier pubertal timing was 
related to increased difficulties identifying and describing feelings in females, whereas 
in males it was associated with less externally oriented thinking. Together, these results 
show that puberty is an important factor to consider when examining the development 
of alexithymia across adolescence (Murphy et al., 2017), and add nuance to previous 
findings of a decrease in levels of alexithymia across adolescence (Gatta et al., 2014; 
Säkkinen et al., 2007).

Developmental effects on symptoms of depression and 
anxiety
Symptoms of generalized anxiety, but not depression, increased with age in both males 
and females, and symptoms of depression, generalized anxiety, and social phobia 
increased with pubertal status in females. These results are partly in line with previous 
studies that found an increase in both anxiety and depression across adolescence in 
both males and females (e.g. Alloy et al., 2016; Costello et al., 2003; Hankin, 2009; Hankin 
et al., 2015; Nolen-Hoeksema et al., 1999). Previous studies show greater increases in 
symptoms of depression in females compared to males, which is consistent with our 
finding that symptoms of depression significantly increase with pubertal development 
in females only.

As predicted, females who mature earlier showed more symptoms of depression 
compared to late maturing females (Conley & Rudolph, 2009; Reardon et al., 2009). 
However, in contrast to previous studies, in these data early maturing females did not 
show more anxiety symptoms compared to late maturing females (Mendle et al., 2007; 
Reardon et al., 2009). Unlike females, in males, less mature pubertal status and late 
pubertal timing were related to increased symptoms of separation anxiety. This result 
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complements previous studies indicating a decline of separation anxiety symptoms 
(McLaughlin & King, 2015) in adolescence, and a drop in separation anxiety prevalence 
after childhood, with rates remaining stable in adolescence (Copeland et al., 2014). In 
combination with previous work, these data therefore suggest that pubertal status and 
pubertal timing confer a unique developmental trajectory unrelated to age with respect 
to separation anxiety across adolescence, at least in males.

Relationship between alexithymia and symptoms of 
depression and anxiety
In line with previous studies that show higher alexithymia rates among adolescents with 
psychological disorders (Honkalampi et al., 2000, 2009; Karukivi, Hautala, Kaleva, et al., 
2010; Marchesi et al., 2000), we found that females and males who have more difficulty 
identifying feelings, also had more symptoms of depression and anxiety. The same 
relationship was found for DDF, but this subscale of alexithymia correlated with fewer 
anxiety subtypes than DIF. EOT was only related to one subtype of anxiety symptoms in 
females and males, which confirms previous studies indicating that it is predominantly 
difficulties identifying and describing feelings that are related to symptoms of depression 
and anxiety (Honkalampi et al., 2009; Marchesi et al., 2000).

Difficulty identifying feelings has the potential to explain 
the relationship between puberty and symptoms of 
depression and anxiety
We predicted that the potential of alexithymia to explain the impact of pubertal factors 
on depression and anxiety would be restricted to the DIF or DDF subscales, since these 
subscales have previously been found to relate to depression and anxiety. In line with 
our predictions, across five hierarchical regression analyses, results were consistent with 
the idea that DIF has the potential to explain the effect of puberty on levels of depression 
and anxiety. Additional mediation analyses supported this conclusion. However, as this 
is the first study investigating this possible mechanism, future studies should aim to 
replicate these results, preferably using a longitudinal design.

Specifically, we found that DIF was able to explain some of the effect of pubertal status 
(both DIF and pubertal status were significant predictors in the regression) and all of 
the effect of pubertal timing (only DIF remained a significant predictor in the regression 
model) on depression. Moreover, DIF explained the relationship between pubertal status 
and generalized anxiety, social phobia, and separation anxiety symptoms (pubertal 
status was not a predictor after the inclusion of DIF). Whilst causal mechanisms cannot 
be inferred from these data, results are consistent with a model whereby a more mature 
pubertal status / earlier pubertal timing results in an increase in DIF, which in turn results 
in more severe symptoms of depression and anxiety. Future longitudinal studies could 
aim to test these models. These effects were only present in females. Thus, results are 
consistent with the hypothesis that alexithymia plays an important role in the increased 
depression and anxiety seen in adolescent females. Though future longitudinal research 
is required to determine the casual relationship between DIF, pubertal status and 
symptoms of depression and anxiety, these data suggest such research is warranted.
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The explanatory power of alexithymia, in particular of DIF, may at least in part help to 
explain the gender differences in levels of depression and anxiety during adolescence 
(e.g. Conley & Rudolph, 2009; Hankin, 2009; Mendle, 2014). While it was possible to 
account for the effect of developmental factors on symptoms of depression and anxiety 
via increases in DIF this effect was specific to females; DIF did not increase with age or 
pubertal status in males, and females gave higher DIF ratings than males. Although this 
hypothesis concerning the gender difference in the development of these psychological 
symptoms across adolescence is supported by the current data, it is clear that future 
studies should further investigate the precise role of alexithymia in the development of 
psychological symptoms in adolescence using a longitudinal design, taking into account 
other factors that may be involved with the onset of these symptoms. For example, 
one’s self-concept (Harter, 2012) and self-esteem (Robins & Trzesniewski, 2005) change 
considerably from childhood, across adolescence, and into adulthood, and these 
changes could also be related to an increase in symptoms of depression and anxiety 
(Cole, 1990; Sowislo & Orth, 2013a; Spilt et al., 2014).

Limitations and future directions
Despite the potential of these findings to elucidate the relationship between adolescence 
and increased depression and anxiety, it is important to acknowledge certain limitations 
of the study. First, the mean pubertal status score was relatively high (15.3 for Females, 
14.3 for males). Although pubertal development scores ranged from 5 to 20 (full range 
of scores) in both males and females, relatively few participants were in the early stages 
of puberty. Future research should include participants in an even broader age range, in 
order to make sure that the early pubertal stages are not underrepresented.

Second, pubertal timing was measured by comparing one’s pubertal status to that of 
same-aged peers within our sample of participants. Although other studies have used 
this method (Dorn et al., 2003; Ellis et al., 1999; Ellis & Garber, 2000), future studies might 
consider including multiple measurements of pubertal timing, for example by explicitly 
asking the child and a parent about the child’s pubertal timing (Dorn et al., 2006).

Third, although not a limitation per se, it should be acknowledged that the present sample 
was not drawn from a clinical population with high levels of anxiety and depression. As 
such, although one can be confident about inferences concerning a potential effect of 
alexithymia on depression and anxiety in a typical sample with anxiety and depression 
scores largely in the normal range, one must be cautious about making inferences 
about clinical samples. It should be noted, however, that alexithymia has been linked to 
symptoms of depression and anxiety in clinical groups, and that the RCADS is considered 
a clinical screening tool. It is therefore perfectly possible that alexithymia has the potential 
to explain the relationship between developmental factors and clinical levels of anxiety 
and depression as it does for sub-clinical levels of anxiety and depression.

Fourth, future studies are necessary to confirm the potential role of alexithymia in the 
development of symptoms of depression and anxiety. In the current study we used 
several measures of specific forms of anxiety, resulting in detailed information concerning 
specific symptoms, but which also resulted in a relatively large number of analyses. These 
future studies should use a longitudinal design in order to provide causal evidence for 
the mechanism proposed here.
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Potential mechanism
The finding that alexithymia may explain some of the developmental influences on 
symptoms of depression and anxiety during adolescence is consistent with a previous 
suggestion that alexithymia is a marker for interoceptive impairment, and that 
interoceptive impairment is responsible for a range of clinical symptoms (Murphy et al., 
2017). Interoception refers to the perception of the internal state of one’s body (Craig, 
2002; Khalsa et al., 2017), and is thought to underpin a range of emotional processes, 
including emotional memory (Werner et al., 2010), emotional stability (Schandry, 1981), 
emotion regulation (Füstös et al., 2013), and emotional intensity (Füstös et al., 2013; 
Wiens et al., 2000). Accurate perception of interoceptive information is also thought to 
be crucial for learning and decision-making, as these processes rely on perception of 
internal signals of punishment and reward (e.g. Werner et al., 2009). Given the reliance 
on interoception of fundamental processes such as emotion processing and learning 
and memory, it is perhaps unsurprising that a number of clinical conditions have been 
found to be, or theorised to be, characterised by atypical interoception (Khalsa & 
Lapidus, 2016; Klabunde et al., 2013; Quattrocki & Friston, 2014), including depression 
and anxiety (Pollatos et al., 2009). Importantly, alexithymia has also been shown to 
be associated with impaired interoception (Murphy et al., 2017; Murphy et al., 2018), 
making it possible that developmental factors (e.g., physical change) during adolescence 
give rise to atypical interoception (signalled by alexithymic traits), which in turn gives 
rise to clinical symptoms of depression and anxiety. Furthermore, the observation that 
alexithymic traits contributed towards clinical symptoms in females only is also consistent 
with previous evidence that females often present with poor objective interoceptive 
accuracy in comparison to men (Grabauskaitė et al., 2017; Murphy et al., 2018), and 
suggests that the negative impact of atypical interoception on mental health may be 
more pronounced in females. While this hypothesis is certainly speculative, it is worthy 
of future investigation using a full battery of tests of interoception during adolescence 
(Murphy et al., 2017).

Conclusions
In this study, we aimed to investigate the development of the separate subscales of 
alexithymia across adolescence, and to explore the potential role of alexithymia in the 
development of symptoms of depression and anxiety, separately for males and females. 
Results demonstrated that females with more mature pubertal status experience 
more difficulties in identifying and describing feelings. This relationship was not found 
in males. In females, difficulty identifying feelings could explain the effect of pubertal 
factors on symptoms of depression and anxiety. The current findings suggest that it is 
important to consider changes in alexithymia when studying the onset and development 
of internalizing psychological disorders during adolescence.
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Supplement

Supplemental methods
Multiple mediation analyses were conducted in SPSS 23 using the computational tool 
PROCESS (Hayes, 2013) for females and males separately. For indirect effects, 95% (two-
tailed) bias-corrected bootstrapped confidence intervals were calculated using 10,000 
repetitions (Streukens & Leroi-Werelds, 2016). An indirect effect is significant if the 
confidence intervals for the indirect effect do not include zero (Preacher & Hayes, 2004). 
For the purpose of clarity, we first report the results of all mediation analyses with age, 
then with pubertal status, and then pubertal timing. Unstandardized coefficients are 
reported for all mediation analyses. 

Supplemental results
Mediations analyses were used to test whether alexithymic traits can explain the 
relationship between developmental factors (age/pubertal status/pubertal timing) and 
symptoms of depression and anxiety. Analyses were only performed where there were 
significant correlations between alexithymia and developmental factors, alexithymia and 
symptom levels, and developmental factors and symptom levels. Note that separate 
mediation analyses were performed for each developmental variable (age, pubertal 
status, pubertal timing), and for each of the different RCADS subscales, where the pattern 
of zero-order correlations made a mediation possible. 

Females
In females, we tested for mediating effects of alexithymia on the relationship between 
pubertal status and major depression, generalized anxiety symptoms, and social phobia 
scores. Next, we tested for mediating effects of alexithymia on the relationship between 
pubertal timing and depression. Subsequently, we tested for possible mediating effects 
of alexithymia on the relationship between age and generalized anxiety symptoms.

We found four mediating effects, all including DIF. First, more mature pubertal status 
was associated with greater difficulties identifying feelings, which in turn was associated 
with higher rates of depressive symptoms (Indirect effect of DIF=.146, SE=.07, CI=[.033, 
.328]). The model indicated a partial mediation, meaning that the relationship between 
pubertal status and depressive symptoms was still significant when alexithymia was 
included in the model (Direct effect =.224, SE=.11, p=.048). Second, a full mediation of 
the effect of pubertal status on generalized anxiety symptoms by DIF (Indirect effect of 
DIF=.102, SE=.05, CI=[.026, .219]) showed that increasing pubertal status was related to 
more difficulties identifying feelings, which was associated with more generalized anxiety 
(Direct effect =.119, SE=.08, p=.130) (Figure 1b). Third, more mature pubertal status was 
associated with greater difficulties identifying feelings, which in turn was associated 
with higher rates of social phobia symptoms. This again was a full mediation (Indirect 
effect of DIF=.148, SE=.08, CI=[.029, .344]; Direct effect =.078, SE=.15, p=.617). Fourth, we 
found a full mediation between pubertal timing and symptoms of depression, showing 
that earlier pubertal timing was associated with greater difficulties identifying feelings, 
which was in turn associated with more depressive symptoms (Indirect effect of DIF=.218, 
SE=.11, CI=[.032, .485]; Direct effect =.281, SE=.15, p=.063). Fifth, there was no mediation 
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in the model  predicting generalized anxiety from age (Indirect effect of EOT=.047, SE=.05, 
CI=[-.047, .166]; Direct effect =.157, SE=.09, p=.098).

Males
In males we tested for possible mediating effects of alexithymia on the effect of 1) 
pubertal status on separation anxiety, and 2) pubertal timing on separation anxiety. 
Results showed that neither the effect of pubertal status on separation anxiety (Direct 
effect =-.169, SE=.05, p=.00; all indirect effects were non-significant, i.e. confidence 
intervals included zero) nor the effect of pubertal timing on separation anxiety (Direct 
effect =-.190, SE=.07, p=.01; all indirect effects were non-significant) were mediated by 
alexithymia.

S1 Table. Overview of participants’ minimum, maximum, and mean scores on measures 
of depression and anxiety, including the lowest and highest possible scores.

Lowest-
Highest 
possible 

score

Females Males

Min Max Mean SD Min Max Mean SD

MD 0-30 0 18 5.88 3.71 0 16 5.22 3.86
GA 0-18 0 12 5.23 2.64 0 9 3.83 2.14
SP 0-27 0 23 8.87 4.90 0 21 5.89 3.61
PD 0-27 0 12 3.30 3.03 0 8 1.75 1.82
SA 0-21 0 12 2.69 2.23 0 7 1.37 1.51
OCD 0-18 0 10 2.08 2.39 0 7 2.05 1.96

Note. MD=Major Depression, GA=Generalized Anxiety, SP=Social Phobia, PD=Panic Disorder, SA=Separation 
Anxiety, OCD=Obsessive Compulsive Disorder

S2 Table. The results of the hierarchical regression predicting psychiatric symptoms 
from maturation measures (age, pubertal stage, pubertal timing) and alexithymia in 
females and males

FEMALES

Generalized Anxiety Beta T p R R² R²change Fchange Sig Fchange

Model 1
.268 .072 5.789 .019

Age .268 2.41 .019

Model 2

.598 .358 .286 10.703 .000
Age .179 1.68 .098
DIF .549 4.94 .000
DDF -.054 -.48 .632
EOT -.117 -1.09 .278

Major Depression Beta T p R R² R²change Fchange Sig Fchange

Model 1
.330 .109 9.191 .003

PDS .330 3.032 .003

Model 2

.579 .336 .226 8.182 .000
PDS .213 2.011 .048
DIF .539 4.735 .000
DDF -.132 -1.142 .257
EOT -.067 -.669 .506
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Generalized Anxiety Beta T p R R² R²change Fchange Sig Fchange

Model 1 .319 .102 8.474 .005
PDS .319 2.911 .005

Model 2

.595 .354 .252 9.379 .000
PDS .160 1.531 .130
DIF .532 4.739 .000
DDF -.079 -.691 .492
EOT -.156 -1.566 .122

Social Phobia Beta T p R R² R²change Fchange Sig Fchange

Model 1 .229 .053 4.159 .045
PDS .229 2.039 .045

Model 2

.521 .272 .219 7.228 .000
PDS .056 .502 .617
DIF .414 3.475 .001
DDF .102 .839 .404
EOT -.117 -1.106 .272

Major Depression Beta T p R R² R²change Fchange Sig Fchange

Model 1
.299 .089 7.363 .008

P.Timing .299 2.714 .008

Model 2

 .576 .332 .242 8.692 .000
P.Timing .195 1.890 .063
DIF .535 4.671 .000
DDF -.134 -1.149 .254
EOT -.137 -1.404 .165

 MALES

Separation Anxiety Beta T p R R² R²change Fchange Sig Fchange

Model 1 .420 .176 13.073 .001
PDS -.420 -3.616 .001

Model 2

 .492 .242 .066 1.680 .181
PDS -.475 -3.420 .001
DIF .144 1.075 .287
DDF .154 1.117 .269
EOT .023 .171 .865

Separation Anxiety Beta T p R R² R²change Fchange Sig Fchange

Model 1
.363 .131 9.231 .003

P.Timing -.363 -3.038 .003

Model 2

 .449 .202 .071 1.710 .175
P.Timing -.363 -2.860 .006
DIF .131 .960 .341
DDF .096 .690 .493
EOT .152 1.206 .233

Note. In females, the alexithymia factor difficulties identifying feelings was the only predictor of psychiatric 
symptoms, with maturation measures not a significant predictor after the inclusion of alexithymia factors. In 
males, maturation measures remained significant predictors even after the inclusion of alexithymia factors. 
PDS = Pubertal stage: scores from the pubertal development scale. Pubertal timing = scores from the pubertal 
development scale relative to peers of the same age. DDF = difficulties describing feelings. DIF = Difficulties 
identifying feels. EOT = externally orientated thinking. Significant predictors are highlighted bold.
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S3 Table. The results of the robust regressions predicting psychiatric symptoms from 
maturation measures (age, pubertal stage and pubertal timing) and factors of alexithymia 
in females

Outcome variable: Major Depression
b T p

Constant -1.75 -0.562 0.576
Pubertal stage 0.22 1.836 0.070
DDF -0.19 -1.046 0.299
DIF 0.64 4.245 <0.001
EOT -0.11 -0.785 0.435

Outcome variable: Generalized Anxiety
b T p

Constant 1.161 0.530 0.598
Pubertal stage 0.120 1.455 0.150
DDF -0.066 -0.514 0.609
DIF 0.436 4.140 <0.001
EOT -0.169 -1.752 0.084

Outcome variable: Social Phobia
b T p

Constant 5.241 1.348 0.182
Pubertal stage 0.095 0.649 0.519
DDF 0.124 0.540 0.591
DIF 0.596 3.189 0.002
EOT -0.475 -2.774 0.007

Outcome variable: Major Depression 
b T p

Constant 2.822 1.049 0.298
Pubertal timing 0.257 1.642 0.105
DDF -0.190 -1.028 0.308
DIF 0.629 4.175 <0.001
EOT -0.197 -1.488 0.141

Outcome variable: Generalized Anxiety
b T p

Constant -0.406 -0.145 0.885
Age 0.152 1.526 0.131
DDF -0.043 -0.341 0.734
DIF 0.454 4.338 <0.001
EOT -0.128 -1.231 0.222

Note. The alexithymia factor difficulties identifying feelings was the only predictor of psychiatric symptoms, 
with maturation measures not a significant predictor after the inclusion of alexithymia factors. Pubertal stage 
= scores from the pubertal development scale. Pubertal timing = scores from the pubertal development scale 
relative to peers of the same age. DDF = difficulties describing feelings. DIF = Difficulties identifying feels. EOT 
= externally orientated thinking. Significant predictors are highlighted bold.

S4 Table. The results of the robust regressions predicting psychiatric symptoms from 
maturation measures (pubertal stage and pubertal timing) and factors of alexithymia in 
males

Outcome variable: Separation anxiety
Predictors b t p
Constant 2.025 1.430 0.158
Pubertal stage -0.146 -3.015 0.004
DDF 0.098 1.337 0.186
DIF 0.045 0.639 0.525
EOT 0.001 0.016 0.987
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Outcome variable: Separation anxiety
Predictors b t p
Constant -0.675 -0.645 0.5213
Pubertal timing -0.163 -2.570 0.0128
DDF 0.075 1.046 0.2999
DIF 0.047 0.673 0.5038
EOT 0.053 0.814 0.4188

Note. Maturation measures remained significant predictors even after the inclusion of alexithymia factors. 
Pubertal stage = scores from the pubertal development scale. Pubertal timing = scores from the pubertal 
development scale relative to peers of the same age. DDF = difficulties describing feelings. DIF = Difficulties 
identifying feels. EOT = externally orientated thinking. Significant predictors are highlighted bold.
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S1 Figure. Distribution of residuals in all conducted hierarchical regressions. As these distributions are not 
perfect, especially within the analyses performed in males, we performed robust regression analyses to 
confirm our results.
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Chapter 9
The role of autism and alexithymia in self-
concept and self-esteem in adolescence

This chapter is based on: van der Cruijsen, R., Begeer, S., & Crone, E.A. Self-concept, self-esteem, and the role 
of alexithymia in adolescent males with autism spectrum disorder.

Abstract
Developing a positive self-concept and self-esteem is an important developmental 
task during adolescence, but not much is known about self-concept and self-esteem in 
adolescents with autism spectrum disorder (ASD). This behavioural neuroimaging study 
investigated 1) self-concept positivity and self-esteem, and 2) direct versus reflected 
self-concept, in relation to autism traits and alexithymia (i.e. difficulty identifying and 
describing one’s feelings) in adolescent males with and without ASD, aged 12-16 years. 
Participants evaluated their academic, physical appearance and prosocial traits from 
their own perspective (direct self-concept) and the perceived perspective of peers 
(reflected self-concept) while undergoing MRI scans. Results showed less positive self-
concept ratings in physical and prosocial domains, and lower self-esteem in adolescents 
with more autism traits. Low self-esteem was also explained by difficulty with identifying 
feelings (alexithymia). Medial prefrontal cortex (mPFC) activation in response to 
evaluating self-traits was not related to autism traits, but was attenuated in adolescents 
with more alexithymia difficulty identifying feelings. Last, this study reveals large 
behavioural and neural overlap in direct and reflected self-concept in adolescents with 
ASD, but less alignment of direct and reflected prosocial self-evaluations in adolescents 
with more autism traits. Therefore, this study shows that alexithymia explains social-
emotional aspects of self-concept and self-esteem, whereas autism traits are related to 
the mentalizing aspects of self-concept. Together this study provides a comprehensive 
understanding of self-concept and self-esteem in adolescents with varying levels of ASD 
and alexithymia traits.
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Chapter 10 
Summary and discussion

Adolescence is a developmental period in which finding out who you are is a central 
task. Prevalent theories on self-concept development were, until recently, largely based 
on questionnaire studies (Harter, 2012). Recent studies in adults, and to a limited 
extend in adolescents, applied a novel method to study self-concept by using functional 
neuroimaging of the brain when thinking about the self, which led to new insights into the 
neurobiological processes underlying self-evaluation. These studies have demonstrated 
the involvement of regions belonging to the social-brain network, such as the medial 
prefrontal cortex (mPFC) and temporal-parietal junction (TPJ) in evaluating self-traits 
(Denny et al., 2012; Murray et al., 2012; Northoff et al., 2006). These regions are among 
the latest to develop in the human brain (Huttenlocher & Dabholkar, 1997; Mills et al., 
2014), which raises the question how these regions are involved in self-evaluative thinking 
during adolescence. Therefore, in this dissertation I offer an innovative perspective by 
investigating self-concept development in adolescence using self-report questionnaires, 
experimental tasks, and functional brain activation.
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Summary
Development of self-concept in adolescence
In the first part of this dissertation (chapters 2-6), I applied a multidisciplinary approach 
in order to attain an extended, comprehensive perception of different aspects of 
self-concept development in adolescence. To this end, I developed an fMRI adapted 
experimental paradigm based on a previous study (van der Aar et al., 2018) in which 
participants performed trait-evaluations in 4 different conditions in a 3T MRI scanner. In 
the direct-self condition, participants evaluated to what extent positive and negative traits 
in academic, physical appearance, and prosocial domains fit them on a four-point scale. 
In the reflected-self condition the task was the same but this time participants evaluated 
their traits from the perceived perspective of peers. In the mother condition, participants 
evaluated to what extent positive and negative physical appearance and prosocial traits 
described their mother. Last, in the control condition participants categorized positive 
and negative traits into different domains (i.e. academic, physical appearance, social, or  
I don’t know). In chapters 2 and 5 I examined the direct-self and mother conditions, in 
chapter 3 I examined the direct-self condition, and in chapters 4, and 6 I examined the 
direct and reflected-self conditions. 

First, in chapter 2 I used the new experimental paradigm to examine neural regions 
underlying direct self- and close-other (mother) trait-evaluations in 31 young adults (20-
24 years). Goals of this study were to investigate neural processing of the evaluation of 
positive and negative self- and mother-traits in three domains, and to explore whether 
mPFC activation for self-evaluations is induced by valence or subjective importance 
of traits. Here, I showed that some neural regions are involved in self-evaluations in 
general, while other regions show distinguishing activation between different domains 
of self-evaluation. These patterns were consistent for self- and mother-evaluations, 
confirming the domain-specific roles of these brain regions in self-evaluative processing. 
Additionally, I showed that mPFC activation was similar for self- and mother-evaluations, 
stronger for positive than negative trait-evaluations, and regardless of valence, stronger 
for traits that were rated as important than for traits rates as neutral or not important. 
Together, this study indicated that neural activation for evaluating self- and close-other 
traits is sensitive to domain- and valence differences, and it supports the valuation 
hypothesis of self-related mPFC activation by showing stronger engagement of this 
region in evaluations of positive traits and traits that are subjectively considered to be 
important to the self.

In chapter 3 I investigated whether these domain- and valence distinctions in neural 
activation underlying direct self-evaluations would present in adolescents as well. Specific 
goals of this cross-sectional study were to investigate the neural activation in response to 
self-evaluations in different domains and valences, and to study age-related differences 
of self-concept and underlying neural activation across adolescence. In this study, 160 
adolescents aged 11-21 years completed the experimental self-concept paradigm while 
in an MRI scanner. Results revealed that similar neural regions as described in chapter 
2 engaged in domain-general and domain- and valence-specific self-evaluations in this 
group of adolescents. Domain-general regions were for example mPFC and TPJ, domain-
specific regions were among others precuneus/posterior cingulate cortex and dorsal 
mPFC, and a valence-specific region was ventral mPFC (see Figure 1). Results additionally 
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showed that there was a mid-adolescent dip in academic self-concept positivity, and a 
mid-adolescent dip in striatum activation for positive versus negative trait-evaluations. 
This suggests that positive self-descriptions may be relatively lower or less salient for 
mid-adolescents, a period marked by imbalance and uncertainty of the self as earlier 
self-perceptions become derailed (Harter, 2012).

Figure 1. Brain regions activated during academic, physical appearance and prosocial domains. Yellow 
regions indicate domain-general activation, implicated in self-evaluations regardless of domain. Blue regions 
indicate domain-specific activation, implicated in self-evaluations of a specific domain.

Peers play a central role in adolescents’ lives (Blakemore, 2012; Nelson et al., 2005; 
Sebastian, Burnett, & Blakemore, 2008; Steinberg & Morris, 2001), and peers’ opinions 
are thought to be incorporated into the own self-concept (Harter, 2012). Therefore, the 
next step was to additionally investigate the evaluation of the self from the perceived 
perspective of peers (i.e. reflected self-concept). In chapter 4, I aimed to study both 
the perceived opinions of peers about the self and one’s own evaluations of the self in 
the same group of adolescents included in chapter 3. Main goals were to determine 
overlapping and distinct patterns of behavioural and neural measures of direct versus 
reflected self-concept, and to test how these patterns would change with age. Results 
indicated that behavioural and neural measures of direct and reflected self-evaluations 
are strongly correlated and largely overlap. The difference between behavioural 
evaluations from direct and reflected perspectives declined with age. This pattern was 
mirrored by activation in the mPFC, which was more active in the youngest adolescents 
for reflected than direct self-evaluations, but this difference declined with age. In sum, this 
study suggests that although behavioural and neural measures of direct and reflected 
self-evaluations are already highly similar at the start of adolescence, internalization of 
the opinions of others into the self-concept may continue into adolescence.

In chapter 5, I aimed to test in the same cross-sectional adolescent sample how neural 
responses underlying direct-self- versus close-other (mother) trait-evaluations were 
related to mother-adolescent relationships. For this purpose, I used mothers’ and 
adolescents’ trait-evaluations about each other, and real life observations of warmth, 
negativity and emotional support in mother-adolescent communication as indicators of 
the mother-adolescent relationship. The goal of this study was to investigate whether 
mPFC activation for self- versus close-other trait-evaluations would be related to 
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closeness of the mother-adolescent relationship, and to study how these indicators 
of mother-adolescent relationship change during adolescence. Observations of 
conversations between mother and adolescent demonstrated that mid-adolescence is 
characterized by relatively negative mother-adolescent communication. This co-occurred 
with relatively stronger activation in striatum and anterior cingulate cortex for evaluating 
self versus mother traits at this age. These regions are thought to reflect salience and 
self-relevance, therefore this activation pattern may reflect a greater self-focus in mid-
adolescence. Additionally, this study showed relatively more similar mPFC engagement 
in direct self- and mother-evaluations in adolescents who evaluated their mothers’ traits 
more positively. This suggests that overlapping mPFC activation for self- and mother-
evaluations may reflect closeness in the mother-adolescent relationship.

In chapters 2-5 I investigated many aspects of self- and close-other processing in cross-
sectional studies. These chapters reveal that self- and mother-evaluations are very 
similar, and that neural processes underlying self- and mother-evaluations are strongly 
intertwined. In contrast, the previous chapters show clear differences between self-
concept perspectives, domains, and valences in general, and across age. Therefore, in 
order to commit to the goal of reaching a comprehensive view of the different aspects 
of self-concept development, the focus of the accelerated longitudinal study described 
in chapter 6 was to examine differences between perspectives, domains, and valences 
of self-concept.

Specifically, chapter 6 describes a 3-wave accelerated longitudinal study in 189 
adolescents aged 10-24 years, who were tested every 13 months. The advantages of this 
longitudinal analyses are the increased in power compared to cross-sectional studies, 
the possibility to control for participant selection bias, to examine stability across time, 
and to perform prediction analyses. A first goal was to investigate self-concept positivity 
and mPFC activation underlying the evaluation of self-traits. Next, I aimed to test two 
important theories concerning self-concept development in adolescence: 1) increasing 
domain-differentiation of self-concept, and 2) increasing similarity of reflected and direct 
self-concept. Last, I aimed to examine longitudinal predictions between self-concept 
and two important outcomes; self-concept clarity and fear of negative evaluation. Here I 
confirmed a dip in self-concept positivity in mid-adolescence, especially in the academic 
domain. This co-occurred with increasing mPFC activation across adolescence, levelling 
off in early adulthood. Possibly, these results reflect increased sensitivity and uncertainty 
about the self in mid- to late adolescence. Domain-differentiation increases in early 
adolescence, and subsequently decreases into early adulthood. Direct self-concept was 
generally more positive than reflected self-concept, and underlying neural activation 
for self-evaluations from both perspectives again were very similar. This suggests 
that internalization of direct and reflected perspectives of the self may emerge in late 
childhood and early-mid adolescence. Last, I showed that self-concept positivity predicts 
increases in self-concept clarity and less fear of negative evaluation one and two years 
later, highlighting the developmental benefits of developing a positive self-concept.

Self-concept – Individual differences in autistic and affective 
traits
In addition to examining general developmental patterns in self-concept development, it 
is important to recognize that every individual is unique and there are many differences 
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between adolescents. For example, within the adolescent population, there is a lot of 
variety in cognitive and social abilities, both of which are theorized to play an important 
role in the construction of one’s self-concept (Harter, 2012). In the second part of this 
dissertation (chapters 7-9) I investigated self-concept of adolescents with autism 
spectrum disorder (ASD), who often have difficulties with social situations and for whom 
it is more difficult to maneuver in the social world (American Psychiatric Association, 
2013). Additionally, I examined how individual differences in the ability to recognize and 
describe one’s feelings (i.e. alexithymia), and feelings of depression and anxiety relate to 
one’s self-concept and self-esteem.

In chapter 7, I investigated explicit and implicit self-esteem in children and adolescents 
with ASD, and examined possible relationships with internalizing and externalizing 
symptoms. Explicit self-esteem is the conscious, deliberate evaluation of one’s worth or 
value as a person (Bailey, 2003), whereas implicit self-esteem is an impulsive or automatic 
global evaluation of the self (Strack & Deutsch, 2004). The study included 25 autistic 
children and adolescents and 24 age- and IQ-matched peers (ages 8-16 years). Results 
showed that children and adolescents with ASD reported lower explicit self-esteem 
compared to typically developing (TD) children and adolescents, but implicit self-esteem 
did not differ between groups. In autistic children and adolescents, low explicit self-esteem 
was related to internalizing symptoms, whereas low implicit self-esteem was related to 
externalizing symptoms. Together, this study indicates that children and adolescents with 
ASD are at risk for developing low explicit self-esteem, which, supporting the vulnerability 
hypothesis of self-esteem, may be related to often co-occurring internalizing symptoms. 
This emphasizes the need to focus on self-esteem in assessment and treatment of 
autistic children and adolescents.

In chapter 8, instead of autism symptoms, I investigated relationships of alexithymia in 
internalizing symptoms often arising during adolescence. Here I included 140 of the same 
adolescents as included in chapters 3-5. I specifically aimed to investigate relationships 
of separate subscales of alexithymia with age and pubertal maturation, and to explore 
the potential role of alexithymia in the occurrence of internalizing symptoms separately 
for males and females. Here I showed that pubertal maturation in females and males, 
and early pubertal timing in females, was related to alexithymia difficulty identifying and 
describing feelings. Additionally, in females, alexithymia difficulty identifying feelings 
could explain the relationship between pubertal maturation and internalizing symptoms. 
Although alexithymia may have differential consequences for males and females, I here 
proposed that alexithymia should be taken into account when studying the onset and 
development of internalizing symptoms in adolescence.

Based on chapters 7 and 8, in chapter 9 I combined measures of autism and 
alexithymia symptoms, and investigated relationships with self-concept and self-esteem. 
Participants were 35 adolescent males with ASD, and 34 TD peers (i.e. a subsample of 
the first data wave of the Leiden Self-concept study), aged 12-16 years. The specific goal 
of this study was to investigate relationships of autism traits with self-concept positivity 
and self-esteem, differences between self-concept domains, and direct versus reflected 
self-concept. Additionally, I aimed to investigate whether alexithymia might explain the 
social-emotional components of self-concept better than the number of autism traits. 
This study showed no group differences between adolescents with and without ASD, 
suggesting that the foundation of self-concept may be the same in autistic and non-
autistic adolescents. Results did reveal some relationships with the reported number of 
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autism traits regardless of diagnosis. Higher numbers of autism traits were related to 
more negative self-concept specifically in physical appearance and prosocial domains, 
but not the academic domain. Additionally, although the number of autism traits were 
related to low self-esteem, alexithymia difficulty identifying feelings explained additional 
variance in low self-esteem in adolescent males. Medial PFC activation for evaluating self-
traits was not related to the number of autism traits, but was attenuated in adolescents 
with higher levels of alexithymia, specifically difficulty identifying feelings. Therefore this 
study adds to the alexithymia hypothesis by showing that alexithymia explains additional 
variance above autism traits in the social-emotional aspects of self-concept and self-
esteem. This study also provides insight into direct versus reflected self-concept in 
adolescent males with ASD. Results confirmed large behavioural and neural overlap 
in direct and reflected self-concept in autistic adolescents, but it also revealed less 
alignment of direct and reflected prosocial self-evaluations in adolescents with more 
autism symptoms. Together this study provides a comprehensive understanding of self-
concept and self-esteem in adolescents with varying levels of ASD and alexithymia traits.

General discussion
Taken together, the studies described in this dissertation revealed several important 
insights regarding self-concept development (Figure 2). First, the empirical studies in 
this dissertation provide evidence for the multidimensionality of self-concept, while 
also indicating that there is an overarching construct of self-concept, encompassing 
all different domains. That is, self-concept positivity differs between domains on 
the behavioural level, while neural activation underlying the evaluation of self-traits 
encompasses on the one hand domain-general activation in for example mPFC, but also 
distinguishable activation in regions associated with certain domains specifically, such 
as the posterior cingulate cortex (PCC). Second, I demonstrated that self and other are 
strongly connected throughout adolescence. Neural activation underlying adolescents 
evaluating themselves, adolescents evaluating their mothers, and adolescents estimating 
how others would evaluate them, is highly similar and largely overlaps. Third, the studies 
in this dissertation suggest a mid-adolescent vulnerability in self-concept, possibly 
reflecting a period of heightened self-doubt. Fourth, this dissertation revealed that the 
foundation of self-concept for autistic and TD adolescents is similar. That is, direct and 
reflected self-concept on the behavioural and the neural level largely overlap in both 
groups. However, the number of autism traits as well as the level of alexithymia may 
pose a vulnerability for developing more negative self-concept and self-esteem. Fifth, in 
this dissertation I applied a multimethodological approach, combining self- and parent-
reports, experimental tasks, observation data, and MRI. These methods each offer 
different perspectives but also complement each other, with one method making up 
for the shortcomings of another method. Together this resulted in a comprehensive 
understanding of self-concept development in adolescence. In the following sections, I 
discuss these main insights in more detail.

The self as multidimensional concept
In this dissertation I aimed to investigate the development of self-concept in academic, 
physical appearance, and prosocial domains. Early studies have regarded self-concept 
as consisting of one global component as represented in measures of self-esteem 
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(Rosenberg, 1965). However, it is now well accepted that self-concept is multidimensional 
construct (Harter, 2012; Marsh & Craven, 2006). The different domains of self-concept 
have been viewed as related to one another, but separable (Huang, 2011). That is, 
although one’s overall self-concept may be positive or negative to some extent, there 
are differences in positivity between self-concept domains (Cole, Maxwell, et al., 2001; 
Shapka & Keating, 2005).

The empirical studies in this dissertation support the conceptualization of self-concept 
as multidimensional, which becomes apparent in chapters 2, 3, 6, and 9. In these 
chapters, I showed that self-concept positivity differs between the three examined 
domains on the behavioural level, such that adolescents are generally most positive 
about their prosocial traits. Furthermore, chapters 2 and 6 indicate different changes 
across adolescence between self-concept domains. In addition to these behavioural 
domain differences of self-concept, this dissertation shows that while some neural 
regions are implicated in self-evaluations across domains, other regions are specifically 
involved in evaluating self-traits in certain domains (chapters 2 and 3). In other words, 
by applying a multidisciplinary approach to investigate self-concept in adolescence, I was 
able to reveal differential neural processes underlying behavioural domain differences 
in self-evaluations, strengthening the suggestion that self-concept is a multidimensional 
construct, while all facets together form an overarching entity (Byrne, 1996).

Several findings in this thesis point towards individual differences in the multidimensionality 
of self-concept. First, females but not males show a higher vulnerability to develop negative 
physical self-concept in mid-adolescence (chapter 6). Second, not behavioural self-
concept in general, but self-concept in specific domains predicts changes in self-concept 
clarity and future fear of negative evaluation (chapter 6). Third, adolescent males with 
more autism traits have more negative physical and prosocial self-concept, but equally 
positive academic self-concept compared to their TD peers (chapter 9). Together with 
the finding of individual differences in longitudinal changes in self-evaluations of all 
domains in chapter 6, and the notion that self-concept domain-differentiation increases 
across childhood (Marsh & Ayotte, 2003) into mid-adolescence (chapter 6), I argue that 
differentiation between self-concept domains is prone to individual differences. That is, 
while some adolescents may become increasingly positive about their appearance with 
age, others may become more positive about their academic or social traits. This confirms 
self-concept domain-differentiation as a relatively individual process of self-concept 
development, which is in line with Harter’s theory describing the multidimensionality 
of self-concept as a cognitive process occurring in childhood and adolescence (Harter, 
2012).

The consideration of self-concept as a multidimensional construct that can differ between 
individuals has important practical implications. Self-concept in a specific domain affects 
performance in that given domain, for example negative academic self-concept is related 
to negative academic performance (and vice versa) (Huang, 2011; Marsh & Craven, 2006). 
So it may be beneficial to specifically improve adolescents’ academic self-concept when 
aiming to improve their performance at school. Additionally, when treating adolescents 
with low self-concept it is important to invest into finding out with which domains of 
self-concept they struggle, and specifically focus treatment towards these domains. In 
this context it may also be kept in mind that autistic traits are related to more negative 
self-concept in prosocial and physical appearance domains, and to self-esteem, but not 
to academic self-concept (chapter 9). Therefore interventions aimed at improving self-



Exploring me in a world of we206 Exploring me in a world of we206

10

concept of adolescents on the autism spectrum might be tailored towards the physical 
appearance and prosocial domains.

Figure 2. Illustration of the five main points discussed in the general discussion: Self-concept is 
multidimensional, Self and others are intertwined, Self-concept shapes opportunities and vulnerabilities, 
Individual differences in vulnerability, and Multimethodological science.
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Self and other are intertwined 
The multidimensional structure of self-concept as described above is a relatively 
individual aspect of self-concept development, but self-concept is a social construct, and 
adolescence is a phase in which the social environment and peers become especially 
important (Nelson et al., 2005; Laurence Steinberg & Morris, 2001). Harter’s model 
of self-concept development proposes that self-concept is shaped in interaction with 
others, that it is a social process, which is in line with previous research and chapters 
2-6 and 9 of this dissertation showing the robust involvement of social-brain regions 
in self-related processing (Pfeifer & Peake, 2012). In this dissertation I approached the 
link between self and others in the context of self-concept development in two different 
ways. First, I examined how reflecting on the self versus reflecting on a close other are 
related to one another. Second, I studied the perceived opinions of others about the self.

In chapters 2 and 5 I show that neural activation for evaluating traits of the self strongly 
overlap with activation for evaluating traits of mother. Previous studies suggested that 
activation in mPFC for self and close-other evaluations overlap more than activation for 
self and a more distant other (Murray et al., 2012). In chapter 5 I show that even for 
a close other who is generally very close to the self (i.e. mother), the neural overlap 
between self and mother differs according to how positive one evaluates their mothers’ 
traits. That is, even within a close other, being a bit more positive about, or closer to the 
other can result in a larger overlap in mPFC activation between self and other. Together 
these findings show that self and close-other are strongly linked together throughout 
adolescence.

In addition to the similarity between self- and mother-evaluations, in chapters 4, 6, 
and 9 I show that evaluating one’s own traits from one’s own perspective is strongly 
related to the evaluation of one’s traits from the perceived perspective of peers, on both 
the behavioural and neural level. Similarity between direct and reflected self-concept is 
high throughout adolescence (chapter 6), and increases a with age (chapters 4 and 
6). I additionally show that neural activation in the TPJ, a region that has been widely 
implicated in third-person perspective-taking (Schurz et al., 2014), increases in response 
to both direct and reflected self-evaluations across adolescence (chapter 6). In sum, the 
results of this dissertation support the suggestion that adolescents may to a large extent 
integrate self- and other-oriented processes during mentalizing (Crone & Fuligni, 2020) 
(Figure 3).

Figure 3. Direct and reflected evaluations of self-traits, and evaluations of mother traits all rely on similar 
underlying neural activation in mPFC and TPJ.  
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In addition to opinions of peers about the self, including opinions of multiple others in 
future research could lead to insightful new information. Previous research has shown 
that peers may play an especially important role in the social domain of self-concept, 
whereas mothers may play an important role in adolescents’ academic self-concept 
(Jankowski et al., 2014; Pfeifer et al., 2009). Therefore, future research should examine 
the role of the opinions of friends, parents and teachers within the different domains of 
self-concept in order to get a full understanding of how self-concept in different domains 
develops. Furthermore, future research should aim to investigate both perceived- and 
actual opinions of these various others about the self, as the actual opinions of others 
may relate to the perceived opinions of others about the self, and to direct self-concept 
(Hergovich et al., 2002). Last, a complete design including actual and perceived opinions 
of various others about different domains of the self may be combined with structural 
equation modelling (SEM) analyses methods in order to examine bidirectional causal 
relationships between these variables. With these means, the social component of self-
concept development in adolescence can be even more thoroughly mapped.

In contrast to the importance of the social environment to adolescents in general and 
to the development of self-concept specifically, adolescence has also been described as 
a period of increased egocentrism, self-consciousness and self-focus (Crone & Fuligni, 
2020; Harter, 2012; Somerville et al., 2013). Some results described in the current 
dissertation support this description of adolescence as well. For example, the mid-
adolescent dip in self-concept positivity (chapters 3 and 6) together with the increase 
in mPFC activation (chapter 6) suggest, as will be described more extensively below, that 
mid-adolescents may be more uncertain about themselves and that their self-concept 
is temporarily more vulnerable (Becht et al., 2016). This may reflect a period of intense 
self-reflection and preoccupation with the self (Harter, 2012). In addition, chapter 5 
shows that neural activation in striatum and ACC for evaluating self- versus mother-
traits is relatively stronger for self in mid-adolescence compared to in early- and late-
adolescence, which may indicate that evaluating the self is relatively most self-relevant 
or salient in mid-adolescence. Taken together, even though the empirical studies in 
this dissertation provide some hints towards an increased focus on the self in mid-
adolescence, they mainly show how strongly self and others are intertwined in shaping 
self-concept throughout adolescence.

Self-concept development can shape opportunities and 
vulnerabilities 
Both individual and social processes related to self-concept could be involved in the 
development of opportunities and vulnerabilities in adolescents’ self-concept. This 
dissertation reveals some patterns that are specific to mid-adolescence, which together 
may point towards a period of self-concept sensitivity or vulnerability. That is, the empirical 
chapters in this dissertation show that self-concept positivity dips in mid-adolescence 
(chapter 6), that mPFC activation increases and levels off in early adulthood (chapter 
6), and that striatum activation for positive versus negative trait-evaluations dips in 
mid-adolescence, possibly indicating a dip in salience or self-relevance of positive traits 
(chapter 3). These results fit earlier descriptions of mid-adolescence as a period in which 
individuals are more negatively influenced by social comparison (van der Aar et al., 2018), 
and increased self-consciousness (Somerville et al., 2013). It indicates mid-adolescence 
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as a period in which self-concept is possibly vulnerable, and in which adolescents may 
experience more uncertainty about the self (Becht et al., 2016). In a period characterised 
by increased self-focus (Crone & Fuligni, 2020) and egocentrism (Harter, 2012), increased 
reflecting on the self may lead to a (temporarily) more negative self-concept.

An urgent question is whether a temporal period of vulnerability is necessary and 
adaptive in adolescent self-concept development. Getting to know the self well and 
having a positive self-concept is important for decisions about one’s future such as 
choosing a study direction or job (van der Aar, Crone, et al., 2019; van der Aar, Peters, 
et al., 2019b). So even though adolescents experience a temporary uncertainty about 
themselves, it may help them to learn more about their abilities and their interests 
which might help them to shape the goals for their future. Speculatively, the timing of 
this period of vulnerability or self-doubt may be important. For example, individuals for 
whom this period is prolonged or delayed may become stuck in a mismatch between 
their (delayed) developmental pattern of self-concept, and societal expectations that 
already require certain future-oriented decisions. Although the possible effects of 
different developmental patterns of self-concept are yet to be investigated, some related 
studies already showed that less positive academic self-concept, lower self-esteem, 
and less self-concept clarity in late adolescents and young adults have been related to 
trouble choosing the right study direction (van der Aar, Crone, et al., 2019; van der Aar, 
Peters, et al., 2019b). Additionally, it would be valuable to investigate whether the mid-
adolescent dip occurs around the same age for different groups of adolescents. That 
is, adolescents who participated in the studies in this dissertation were relatively highly 
educated, whereas adolescents who follow lower levels of education need to make these 
decisions already at an earlier age. Future studies may investigate whether adolescents 
who follow lower levels of education show accelerated self-concept development or not, 
and how this relates to making future oriented decisions.

In addition to these adolescent-specific patterns, this dissertation also shows evidence 
for a more gradual development of other processes associated with mentalizing about 
the opinions of others about the self. Chapters 4 and 6 show that direct and reflected 
self-evaluations are very similar for adolescents of all ages, as is the underlying neural 
activation for self-evaluations from both perspectives. Nevertheless, some prolonged 
developmental effects were presented as well. Self-ratings from the own and perceived 
peers’ perspectives become even more similar with age (chapter 4), and TPJ activation 
underlying both direct and reflected self-evaluations steadily increases across 
adolescence (chapter 6). This may indicate that adolescents increasingly take the 
perspective of others into account when evaluating the self, regardless of doing so from 
a first- or third-person perspective. Together these findings suggest that input from the 
social environment is closely linked to the own concept of self throughout, and perhaps 
even increasing across adolescence.

The close interconnection of opinions of important others and the own concept of self 
may pose vulnerabilities and opportunities. A possible vulnerability is that a negative, 
judgmental or harmful environment may heighten the chance of developing a negative 
self-concept (Aguilar & Nunez Nightingale, 1994; Oshri et al., 2017; Xu et al., 2019). On 
the other hand, the long-lasting connection between self and others suggests that 
promoting a positive and supportive environment may have positive effects on self-
concept until early adulthood. Another opportunity of the close interconnection is that 
it may allow young people to be open to feedback on the self from many different kinds 
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of peers or different kinds of people, in different contexts, which may enable them to 
get to know multiple sides of themselves. This could be adaptive in their life phase, since 
during adolescence and early adulthood their environment expands (f.e. new education, 
unknown place and people), and they take on new social roles (f.e. employee) (Harter, 
2012).

Individual differences in self-concept and importance for 
mental well-being
A next question addressed in this dissertation is whether self-concept and possible 
vulnerabilities in adolescence regarding self-concept apply to everyone, or whether 
there are individual differences between adolescents. To this end, I first discuss self-
concept and self-esteem in relation to features of autism, alexithymia, and internalizing 
problems such as depression and anxiety. Second, I describe how individual differences 
in self-concept can predict self-concept clarity and fear of negative evaluation.

Autism, alexithymia, and internalizing symptoms
Autism spectrum disorder (ASD) is a developmental condition characterized by persistent 
challenges in social interaction and communication (American Psychiatric Association, 
2013). Alexithymia, which is often high in individuals with ASD (Hill et al., 2004; Kinnaird 
et al., 2019; Milosavljevic et al., 2016), is best described by a difficulty in identifying and 
describing one’s own feelings (Sifneos, 1973). In line with the social and introspective 
nature of self-concept and self-esteem, this thesis showed that features of both ASD 
and alexithymia pose a vulnerability towards more negative self-views (chapters 7 and 
9). Alexithymic traits explain low self-esteem better than ASD traits, and mPFC activation 
underlying self-evaluations is different according to alexithymia levels (chapter 9). 
Additionally, several studies show important relationships of ASD (Simonoff et al., 2008), 
alexithymia (chapter 8; Bloch et al., 2021; Milosavljevic et al., 2016), and self-esteem 
(chapter 7; Sowislo & Orth, 2013; Van Tuijl et al., 2014) with mental health (internalizing 
problems). This indicates that having a positive view of the self is important to maintain 
good mental health. Future longitudinal studies may investigate the potential role of 
negative self-views in the relationship between autism and alexithymia traits, and lower 
mental health.

Importantly, the above described vulnerabilities appear when considering ASD and 
alexithymia traits on a continuum. On the group level, the studies in this thesis show 
mainly overlapping features of self-concept for adolescents with and without ASD. That 
is, although chapter 7 found lower self-esteem in the ASD compared to the TD group, 
chapter 9 showed that self-esteem, direct and reflected self-concept positivity, and 
underlying neural activation is similar between groups. Since autistic adolescents are 
generally less sensitive to social cues this might be expected to have an effect of reflected 
versus direct self-concept. However, this dissertation shows that reflected and direct 
self-concept closely overlap on the behavioural and neural level both in adolescents with 
and without ASD (chapter 9). This suggests that autistic adolescents have a reflected 
self-concept that is similarly related to direct self-concept as in TD adolescents, which 
fits studies indicating that autistic adolescents also worry about their reputation and 
fitting in with the peer group (Cage et al., 2016). Since social comparisons generally 
start at an early age and quickly rise in importance, future studies may investigate the 
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developmental pattern of direct and reflected self-concept in autistic children and early 
adolescents.

Together, these results indicate that the foundation of self-concept seems to be the same 
in autistic and non-autistic adolescents, which might reveal opportunities for youth with 
ASD. The results suggest that adolescents with and without ASD are similarly capable of 
forming a concept of themselves, of their positive and negative traits in several different 
domains. As described above, this is important not only for mental health but also for 
making appropriate decisions about one’s future (van der Aar et al., 2019; van der Aar et 
al., 2019). Moreover, it may be possible to improve a negative self-concept or negative 
self-esteem using already existing self-concept interventions, such as the Competitive 
Memory Training (COMET). A recent pilot study indeed indicated that self-esteem as 
well as externalizing and internalizing problems of autistic adolescents improve after 
participating in this training (Balci et al., 2020).

Self-concept clarity and fear of negative evaluation
The empirical studies of this dissertation additionally showed implications of individual 
differences in self-concept in typically developing adolescents. The longitudinal design 
of the study described in chapter 6 enabled us to relate changes in self-concept to 
changes in self-concept clarity and fear of negative evaluation, and to use self-concept 
at timepoint 1 to predict these outcome measures at timepoints 2 and 3. This study 
indicated that increases of self-concept positivity with time are related to increases 
in self-concept clarity. In other words, adolescents who become more positive about 
themselves with time, also become more certain or confident about who they are as a 
person. Additionally, adolescents’ positivity about their physical appearance predicted 
fear of negative evaluation one and two years later. These findings indicate that individual 
differences in self-concept positivity are not only related to mental well-being, but also 
to getting to know yourself well, and to being less concerned with the opinions of others 
about the self.

The value of multimethodological science
The goal of this dissertation was to use new methods to get a novel perspective on 
self-concept development in adolescence. Much of what was already known about 
this was based on behavioural self-report research. This dissertation has for the first 
time additionally examined the neural aspects of self-concept across the full range of 
adolescence, which has brought about new insights into processes underlying different 
aspects of self-concept development. This methodology confirmed multidimensionality 
of self-concept between different domains on the behavioural level, and additionally 
shed light on the underlying mechanism by showing the involvement of specific  brain 
regions in self-concept in each domain. on both the behavioural and the neural level. 
Furthermore, it showed that evaluations of self and mother, and self-evaluations from a 
first and third-person perspective largely overlap on the behavioural level, and revealed 
that these processes rely on similar neural processes as well.

Applying a combined behavioural neuroimaging approach also allowed me to further 
investigate the role of the mPFC in self-referential processing. The empirical studies in 
this dissertation showed that positive traits are more often rated as applicable to the 
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self than negative traits (chapters 2 and 6), and that mPFC activation was stronger for 
positive than negative trait-evaluations (chapters 2, 3 and 6). Regardless of valence, 
mPFC activation was stronger for traits that were rated as important than for traits rated 
as neutral or not important (chapter 2), but similar for evaluations of self and mother 
(chapters 2 and 5). These results all support the valuation hypothesis, stating that mPFC 
activation during self-evaluation may reflect self-relevance, personal value, or significance 
(D’Argembeau, 2013). Together, the methods used in this dissertation provided us with 
a comprehensive understanding of behavioural self-concept development and neural 
activation involved in this process.

Future directions in multimethodological science
Despite the benefits of using multiple methods in the current dissertation, the 
mechanisms it revealed cannot help us understand how we need to interpret these 
results, or what these results mean to adolescents who are growing up right now. Below, 
I propose that future studies should add to their study design the interconnection of 
science and society, by the application of citizen science methods, which I believe would 
be beneficial for cognitive neuroscience research quality. Even though the questions 
asked in this field of research as well as in this dissertation were often theoretically 
driven and fundamental in nature, I believe constructing a link to society is of great added 
value. Especially since the questions we ask in the field of cognitive neuroscience are of 
great relevance to society. In Box 1 I describe what I have learned from my experiences 
interconnecting science and society during my PhD trajectory.

The link between science and society can, and maybe even should, be bidirectional: from 
science to society, and from society to science. The relationship from science to society 
entails that scientists communicate their scientific knowledge to a broader audience 
(i.e. outreach), for example by giving lectures, providing workshops, or developing 
online tools. I believe it is important that scientists put effort in knowledge valorisation 
since 1) it brings about societal impact of scientific research for example by informing 
public debate or policymaking, or by the stimulation of novel approaches to societal 
issues (Bornmann, 2013), 2) in the Netherlands, scientific research is mainly funded by 
society through institutions such as the Netherlands Organization for Scientific Research 
(NWO), so sharing scientific knowledge with society can be a way of giving something 
back in return, and 3) it becomes increasingly important in attracting these public funds 
(Bornmann, 2012). 

The relationship from society to science entails that society informs scientists on multiple 
levels (i.e. living labs/citizen science), including the research questions asked, methods 
used, and interpretation and contextualization of new fundamental knowledge, which 
can improve science (10 Benefits of Citizen Science | RIVM Magazines, n.d.). Although 
the theoretical basis and scientific knowledge remain the foundation of fundamental 
research questions, I believe that combining this with input from society via citizen 
science can help scientists to ask meaningful questions. Likewise, although previously 
used and validated questionnaires and paradigms remain an excellent basis for future 
research, I believe that combining this with feedback and input from society will aid 
the construction of questionnaires with relevant and timely items, and of ecologically 
valid experimental paradigms. For example, previously ignored subtopics of constructs 
measured by a certain questionnaire may arise from structured panel sessions, as 
well as suggestions regarding understandability, wording, and relevance of already 
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existing questionnaire items. This is especially important as reality and society are 
always developing and changing, making it important to update well-known instruments 
measuring psychological constructs. Last, placing scientific findings in a practical context 
could help explain what these findings mean to society (in case of this dissertation: 
adolescents growing up to be adults) in the context of the current societal challenges. 
That is, it can provide a way to foster interpretation and meaning of scientific knowledge. 
To this end, using citizen science and living labs as an additional method to investigate 
neuropsychological development of adolescents can result in a better understanding 
of neuropsychological constructs, with knowledge that is relevant and of use to society. 

In order to enable long-term bidirectional relationships between science and society, 
scientists need not only time and financial resources, but they also need to acquire yet 
another expertise to add to the various other skills necessary to perform high quality 
scientific research. Obviously, most human beings cannot excel on all domains such 
as research management, complex statistical analysis or coding, leadership, theory 
formation, societal or scientific impact, teaching, and open science. This emphasizes the 
need for universities and funding institutions to acknowledge the benefits and enable 
the implementation of team science, recognizing and promoting the development of 
scientists’ individual talents. I believe that this will greatly improve research quality, 
societal impact, and university teaching. Some universities have already undertaken some 
promising first steps (although mainly aimed at senior researchers) and the position 
paper ‘Room for everyone’s talent: towards a new balance in the recognition and rewards 
for academics’ (NWO, n.d.) is generally well received. However a broader shift mentally 
as well as in policy is necessary in order to foster all scientists’ talents and to optimally 
benefit science as a whole. In addition, funding institutions could move from granting 
mainly individual researchers towards granting more collaborative research projects. A 
true appreciation of team science could eventually lead to the sincere appreciation of 
all different types of scientists which will come to the benefit of the quality of scientific 
research, academic teaching, and the embedding of science in society. Taken together, I 
argue that science is never done alone, but always together with a team of scientists, and 
best even in collaboration with society.

Limitations
There are some limitations that should be kept in mind while reading the experimental 
studies in this dissertation. Here, I describe a methodological and a conceptual limitation, 
and a limitation regarding the sample.

Most studies in this dissertation described cross-sectional studies, with the exception 
of the study described in chapter 6 in which I used longitudinal data including 3 
timepoints. This gave me the opportunity to estimate trajectories on a group level with 
more power due to multiple measurements in each participant, and the opportunity 
to predict certain outcomes from measurements at earlier timepoints. However, the 
inclusion of more timepoints expands the possibilities estimating more complex growth 
curves and within-person developmental patterns (King et al., 2018). At this point, five 
waves of data collection have been completed, with the last two waves conducted during 
the COVID-19 pandemic and existing of questionnaire data. This provides us with the 
unique opportunity to investigate for example how stability in self-concept predicts the 
way in which young people deal with challenging circumstances such as the pandemic.
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Conceptually, throughout the literature many different terms are used for concepts that 
closely resemble one another, such as self-concept, self-esteem, self-efficacy, identity, 
and self-concept clarity. Although all terms have distinctive definitions, there are also 
ways in which these concepts overlap, so empirical differentiation is challenging. In this 
dissertation I mainly focused on self-concept positivity and self-esteem, which is highly 
relevant in this life phase given its relationship to mental well-being (Sowislo & Orth, 
2013b; Van Tuijl et al., 2014) and making future-oriented academic choices (van der Aar 
et al., 2019; van der Aar et al., 2019). But another interesting line of research would be 
to investigate how well adolescents know themselves, how sure they are about knowing 
themselves well, and to what extent they accept themselves the way they are. It would be 
an excellent opportunity to work with youth panels to find out which factors are important 
to young people and what occupies their mind regarding self-related development.

Last, a limitation to the studies described in this dissertation is the relatively high 
social economic status of participants. For example, since participants and parents of 
participants are relatively highly educated, this may be reflected in academic self-concept 
positivity, but also in the importance individuals attach to this domain of self-concept. 
Individuals with lower SES might be more inclined towards self-concept in another 
domain. Additionally, adolescents who follow lower levels of education generally start 
working and hence need to make important life decisions at an earlier age. Therefore, 
there may exist more individual differences in patterns of self-concept development 
than I have been able to capture in the here described studies. It is important to not only 
be aware of this limitation but also to aim to tailor future studies better to a wider variety 
of the adolescent population. A first step may be to change the way we communicate 
with our participants. For example, I have learned that sending every participant a long 
written letter formally explaining everything about the study (as approved and obliged 
by an ethics committee), sometimes deters parents and participants of lower SES 
backgrounds. An alternative might be to use an animated instruction video explaining 
in common language the most important aspects of the study and rights of the 
participant. Additionally, we need to take time to explain the relevance of participating, 
find alternatives to long, complicated questionnaires, and thoroughly communicate the 
outcomes of the study to all participants. Using a living lab or citizen science approach 
may also be a great way to actively involve the whole adolescent population to scientific 
research.

Conclusion
This dissertation presents a comprehensive understanding of the development of self-
concept (‘exploring me’), in relation to close others and taking into account the impact of 
important others (‘in a world of we’). Additionally, this dissertation provides an overview 
of what self-concept looks like for individuals who in daily life struggle with ‘exploring me’ 
(alexithymia) and / or ‘a world of we’ (i.e. autism). The studies described in this dissertation 
first of all show that self and the other, or the social world, are highly intertwined, 
confirming with the inclusion of both behavioural and neuroimaging data Harter’s 
theory of self-concept development (Harter, 2012). They also indicate that self-concept 
consists of an overarching construct, which is multidimensional in nature as it can be 
subdivided into different domains on both the behavioural and neural level, confirming 
recent theories based on a body of behavioural studies (Marsh & Craven, 2006). Last, 
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the findings of this thesis suggest a mid-adolescent vulnerability in self-concept, possibly 
reflecting a period of heightened self-doubt, and they suggest both vulnerabilities and 
opportunities in self-concept development of adolescents with ASD or with many autistic 
or alexithymic traits.

Next steps in self-concept development research are to continue to combine multiple 
methods, to distinguish between more self-concept domains, and to further investigate 
the effects of actual and perceived opinions of various others in large-scale longitudinal 
designs. Additionally, a recommendation for future research is to examine individual 
differences in developmental trajectories of self-concept, to study whether these 
are predictive of mental health and future oriented decision-making, and to develop 
meaningful interventions in collaboration with youth panels. Taken together, the 
empirical studies in this dissertation help us to understand how adolescents with and 
without autism evaluate themselves, where vulnerabilities but also opportunities may 
present themselves, so that ultimately, we may help adolescents to like and accept their 
true selves.
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Box 1
Lessons learned from my experiences interconnecting 

science and society

During my PhD, I have learned that there are many different ways to share scientific knowledge with the 
general public. For example, I have given lectures and workshops, created educational materials for schools, 
was guest in a podcast, gave interviews for various media outlets, written book chapters and chapters for 
online outlets, written blogs, filmed vlogs, and collaborated with a makers of a museum exhibition. In doing so 
I learned that the same scientific knowledge can be informative for a wide variety of different people such as 
adolescents, parents, teachers, professionals and policy makers. Therefore, it is important to adjust the type 
of outlet, the angle you take, and the language you use according to the specific audience. Engaging in these 
efforts brings you back to the basics in raising the question why your research is important, and it forces you to 
place your research in a broader societal context, which may help your research keep up with the continuously 
changing world.

Communicating scientific findings to society can also be beneficial for the receiving audience, even if it entails 
fundamental knowledge that is not directly applicable in daily life. In my experience, learning about general 
developmental trends in behavior and underlying neural activation seems to provide parents and professionals 
with context in which behavior can be placed, and adolescents with comfort. This I believe rises from a new 
understanding regarding how and why certain behavior, experiences and feelings emerge, from knowing 
that it is normal, and that they are not alone. Additionally, sharing scientific information with adolescents 
and students, and collaborating with young people using citizen science methods, gives young people more 
insight into and trust in science. In my experience, many young people are interested to learn more about 
how science works and how you get to be a scientist. Meeting scientists in real life and learning about scientific 
knowledge reduces the idea of science as something extremely complicated happening in an ivory tower, it 
can make young people realize that many different types of people regardless of gender, age or background 
can be scientists.

Although science communication was an important part of my PhD trajectory from the beginning, only in 
the later phases I started to establish a closer connection between science and society. I was involved in 
the youth challenge of the National Research Agenda (NWA), where five research groups were to answer 
five questions of young people about the future after the COVID-19 pandemic. Our team was to answer the 
question: “How can young people have impact on decisions and policy? How can we ensure that young people 
have a voice in society now, and 10 years from now?” In answering this question, we founded a living lab which 
practically manifested in the launch of our platform called YoungXperts (www.youngxperts.nl). Here, we offer 
scientific knowledge about adolescence and development (‘the facts’), which we combine with ideas, solutions 
and calls for action brought up by young people (‘take action’). With our living lab, we hold panel sessions (or 
brainstorms) with young people, but also with youth workers, youth organizations, and policy makers. In doing 
so we aim to establish a durable link between society (specifically youth), science, and policy makers, in order 
to raise and amplify the voice of young people in society.

The effectiveness of the YoungXperts platform and citizen science methods is nicely illustrated by a fast-paced 
study we conducted, commissioned by the national institute for health and environment (RIVM) and the ministry 
of public health, welfare and sports (VWS). We used citizen science by developing a questionnaire together with 
young people (helping us to ask all the right and relevant questions), and spreading the questionnaire with 
their help and connections. Additionally, on a smaller scale we directly spoke to several groups of young people 
in brainstorms, which not only allowed us to reach young people who we would usually have trouble including 
in our studies, but also to better contextualize, interpret and understand the motives of young people for the 
general trends that came up in the widely distributed questionnaire. It allowed us to provide the policy makers 
with a complete  and broadly generalizable picture of the  attitudes, opinions and motives of young people, 
which could readily be implemented in new policies.

In learning this new research methodology I became convinced of its additional value to classic research 
methods in the field of cognitive neuroscience. Research using questionnaires, experimental paradigms, fMRI, 
and citizen science as well all have specific strengths and weaknesses such that the methods complement 
each other. I believe that combining these methodologies makes that shortcomings of some methods can be 
compensated by strengths of others.
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Nederlandstalige samenvatting

Achtergrondinformatie
Het is belangrijk om jezelf goed te leren kennen. Als we onszelf goed kennen en 
begrijpen, helpt dat om beslissingen te maken die passen bij onze interesses, behoeften 
en vaardigheden, het motiveert ons om naar onze doelen toe te werken, en het helpt 
anderen om ons te leren kennen, te begrijpen en te steunen. Kunnen nadenken over 
jezelf, over je vaardigheden, emoties en acties, voelt misschien als iets vanzelfsprekends, 
maar het kunnen reflecteren op onszelf op dit diepe niveau zou zomaar één van de 
dingen kunnen zijn die ons onderscheiden van dieren.

Toch worden we niet geboren met een kant en klaar zelfbeeld: het ontwikkelt zich 
geleidelijk tijdens de kindertijd en adolescentie. Dit proces begint al vroeg: baby’s van 
3-4.5 maand beginnen al te herkennen dat bewegingen die zij maken, consequenties 
kunnen hebben voor hun omgeving (Watanabe & Tage, 2011; Zaadnoordijk et al., 2020). 
Als ze bijvoorbeeld door krijgen dat een heliumballon die aan hun polsje of enkeltje 
vastzit beweegt als zij bewegen, zullen ze steeds vaker die bewegingen maken. Wanneer 
kinderen 2 jaar oud zijn beginnen zich de eerste tekenen van zelfbewustzijn te ontwikkelen: 
peuters van deze leeftijd beginnen zichzelf te herkennen in de spiegel (Anderson, 1984). 
Kinderen krijgen dus al heel snel een idee van ‘mij’ of ‘mezelf’ als iemand die bestaat en 
wiens acties impact kunnen hebben op de omgeving en op anderen.

Kinderen in de eerste klassen van de basisschool kunnen al woorden gebruiken om 
zichzelf te beschrijven. Bijvoorbeeld: ‘Ik ben goed in rennen’ of ‘Ik hou van tekenen’. Deze 
zelfbeschrijvingen ontwikkelen zich snel verder. Oudere kinderen beschrijven zichzelf 
met behulp van eigenschappen zoals ‘Ik ben slim’ of ‘Ik ben aardig’. Deze manier van 
over jezelf nadenken is wat we zelfbeeld noemen. Zelfbeeld kan worden omschreven als 
de niet-observeerbare, subjectieve eigenschappen die we onszelf toebedelen zoals ‘Ik 
ben aantrekkelijk’ of ‘Ik ben lui’ (Bailey, 2003; Harter, 2012). Beschrijvingen van objectieve 
feiten (‘Ik heb blauwe ogen’ of ‘ik slaap elke ochtend uit tot 11 uur’) horen dus niet bij ons 
zelfbeeld.

Zelfbeeld omvat beschrijvingen van jezelf in verschillende domeinen, zoals van je 
schoolse vaardigheden, je uiterlijk, of sociale vaardigheden (academisch, uiterlijk en 
sociaal zelfbeeld). Deze zelfbeschrijvingen bevatten een evaluatieve component: 
sommige eigenschappen worden over het algemeen gezien als negatief (zoals ‘gemeen 
zijn’), terwijl andere over het algemeen positief worden gevonden (zoals ‘aardig zijn’). 
Dit betekent dat zelfbeeld in een bepaalde mate positief of negatief kan zijn. Zelfbeeld 
is gerelateerd aan, maar niet hetzelfde als zelfvertrouwen. Zelfvertrouwen is minder 
concreet, en gaat over het algehele gevoel dat je hebt over je waarde als persoon (Bailey, 
2003; Harter, 2012).

Ondanks dat de ontwikkeling van zelfbeeld al in de kindertijd begint, is juist de adolescentie 
een belangrijke periode in het verder vormen van het zelfbeeld. De adolescentie is de 
overgangsfase tussen kindertijd en volwassenheid, waarin kinderen zich ontwikkelen van 
volledig afhankelijk van hun ouders tot zelfstandige volwassenen (Dahl et al., 2018). De 
adolescentie begint met de puberteit rond een leeftijd van 10 jaar en duurt tot een leeftijd 
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van ongeveer 24 jaar (Sawyer & Azzopardi, 2018). In deze jaren verandert er veel voor 
jongeren. Zo zijn er bijvoorbeeld veranderingen in hun sociale omgeving, veranderingen 
in wat anderen van hen verwachten, en ze moeten belangrijke beslissingen maken, zoals 
de keuze voor een studie of baan, of voor een romantische partner die bij hen past. 
Hierdoor móéten adolescenten dus wel nadenken over wie ze zijn en wat belangrijk voor 
ze is. Het is dan ook niet vreemd dat vaak wordt gedacht dat jongeren sterk gefocust zijn 
op zichzelf (Crone & Fuligni, 2020).

Wat drijft zelfbeeldontwikkeling in de adolescentie?
Gebaseerd op eerder gedragsonderzoek stelde Harter (2012) een model voor over hoe 
zelfbeeldontwikkeling in de kindertijd en adolescentie eruitziet. Deze theorie stelt dat 
zelfbeeldontwikkeling gedreven wordt door een combinatie van sociale en cognitieve 
veranderingen in deze periode. Cognitie heeft te maken met bijvoorbeeld ons geheugen, 
bewustzijn, waarnemen, en nadenken: alles wat we nodig hebben om kennis op te nemen 
en te verwerken. De theorie van Harter schetst zelfbeeld dus als zowel een sociaal als 
een cognitief construct, dat gevormd wordt in interactie met anderen.

Sociaal gezien wordt zelfbeeld gevormd door het vergelijken van jezelf met anderen 
en door de meningen en feedback die anderen over je hebben (Harter, 2012). Deze 
sociale invloeden worden steeds belangrijker tijdens de adolescentie, omdat jongeren 
zich steeds meer richten op de wereld om hen heen (Nelson et al., 2005). Jonge kinderen 
vergelijken hun eigenschappen en vaardigheden vaak met hun eigen eigenschappen en 
vaardigheden in het verleden (i.e. temporele vergelijking: “Ik ben veel beter in lezen dan 
vorig jaar”), terwijl oudere kinderen en adolescenten zichzelf steeds meer met anderen 
vergelijken (i.e. sociale vergelijking: “Ik ben beter in lezen dan mijn klasgenoten”) (Harter, 
2012). Daarnaast wordt de rol van leeftijdsgenoten belangrijker in de adolescentie. 
Adolescenten brengen meer tijd door met hun leeftijdsgenoten (Sebastian et al., 2008; 
Steinberg & Morris, 2001), vinden het belangrijk om erbij te horen en geaccepteerd te 
worden (Blakemore & Mills, 2014; Crone & Dahl, 2012; Yeager et al., 2018), en hechten 
steeds meer waarde aan de mening die leeftijdsgenoten over ze hebben (Blakemore, 
2012; Harter, 2012; Vartanian, 1997; Vartanian & Powlishta, 1996; Westenberg et al., 
2004). Deze sociale veranderingen zorgen voor drastische veranderingen in hoe 
jongeren zichzelf zien.

Een cognitieve verandering die te maken heeft met zelfbeeldontwikkeling is volgens 
Harter’s model dat jongeren steeds beter kunnen mentaliseren en het perspectief van 
anderen kunnen innemen (Harter, 2012). Dit betekent dat jongeren niet alleen op sociaal 
niveau meer gericht zijn op de mening van hun leeftijdsgenoten, maar dat ze ook meer 
cognitieve vaardigheden hebben om in te schatten hoe anderen over ze denken. Samen 
zorgt dat ervoor dat het mogelijk wordt om de ingeschatte meningen van anderen over 
het zelf (gereflecteerd zelfbeeld) te internaliseren, over te nemen, in het eigen zelfbeeld 
(direct zelfbeeld) (Harter, 2012). Jongeren realiseren zich dus meer dan kinderen dat er een 
breed publiek is dat hen kan observeren, en een mening over hen kan hebben. Jongeren 
kunnen zelfs het gevoel krijgen dat ze constant bekeken en beoordeeld worden. Dit 
noemen we het ‘imaginary audience’ (ingebeeld publiek) en het uit zich in een verhoogd 
gevoel van zelfbewustzijn (Harter, 2012) wat piekt op 16-jarige leeftijd (Somerville et al., 
2013). Dit leidt tot de vraag of direct (eigen perspectief) en gereflecteerd (ingeschatte 
perspectief van anderen) zelfbeeld meer op één lijn komen te staan halverwege de 
adolescentie, en of het zelfbeeld van mid-adolescenten kwetsbaarder is dan in andere 
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fases in het leven. Daarom wordt in dit proefschrift de ontwikkeling onderzocht van de 
positiviteit van direct en gereflecteerd zelfbeeld.

Daarnaast kunnen jongeren door toenemende cognitieve vaardigheden steeds beter 
onderscheid maken tussen zelfevaluaties in verschillende sociale contexten en domeinen. 
Ook deze ontwikkeling gaat samen met sociale veranderingen. Jongeren moeten een 
bepaalde versie van zichzelf zijn in steeds meer verschillende sociale situaties. Ze 
moeten bijvoorbeeld een leerling zijn op school, een vriend bij hun leeftijdsgenoten, 
een werknemer bij hun eerste baan, en misschien worden ze op een gegeven moment 
ook iemands vriendje of vriendinnetje. Het kan jongeren opvallen dat ze in al deze 
verschillende sociale rollen net een andere versie van zichzelf zijn, en dat ze meer positieve 
eigenschappen hebben in de ene dan in de andere situatie: ze kunnen bijvoorbeeld 
moeite hebben op school, maar wel heel sociaal zijn in interactie met leeftijdsgenoten. 
Eerder onderzoek liet inderdaad zien dat zelfbeeld meer gedifferentieerd wordt tussen 
situaties of domeinen tussen de kindertijd en de vroege adolescentie (Marsh & Atotte, 
2003). Het is niet bekend of die ontwikkeling zich nog doorzet tijdens de adolescentie. 
Daarom onderzocht ik in dit proefschrift de ontwikkeling van het zelfbeeld in het 
academisch, uiterlijk en prosociaal domein.

Zelfbeeld in de hersenen
Zoals hierboven beschreven werd zelfbeeld eerder onderzocht op gedragsniveau: door 
jongeren te vragen welke eigenschappen wel en niet bij ze passen. Omdat het moeilijk 
is om zelfbeeld direct te observeren, en omdat jongeren mogelijk sociaal-wenselijke 
antwoorden geven op vragenlijsten, is het waardevol om zelfbeeld ook op een andere 
manier te onderzoeken. Het gebruik van neuroimaging methoden, waarbij de structuur 
en activatie van specifieke hersengebieden wordt gemeten, kan ervoor zorgen dat we 
meer te weten komen over de processen die ten grondslag liggen aan gedrag. Met 
andere woorden, om de ontwikkeling van zelfbeeld goed te kunnen begrijpen is het 
belangrijk om niet alleen veranderingen in gedrag in kaart te brengen, maar ook om 
meer te leren over de veranderingen in hersenactivatie in hersengebieden die belangrijk 
zijn voor het nadenken over jezelf (Figuur 1).

Figuur 1. Schematisch overzicht van een model dat voorstelt dat er bidirectionele relaties zijn tussen sociale, 
cognitieve en neurale componenten die te maken hebben met zelfbeeldontwikkeling. Overgenomen van 
(Pfeifer & Peake, 2012). 
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Studies die onderzoeken welke hersengebieden er betrokken zijn bij het nadenken 
over jezelf hebben dat vaak gedaan door deelnemers te vragen in welke mate 
bepaalde eigenschappen bij hen passen, terwijl hun hersenactivatie wordt gemeten 
via ‘functional Magnetic Resonance Imaging’ (fMRI). Dit is een methode waarmee we 
hersenactivatie kunnen meten terwijl deelnemers een computertaak doen, zodat we 
kunnen zien wanneer welke hersengebieden actief worden.
Op deze manier heeft onderzoek bij volwassenen aangetoond dat bepaalde gebieden 
een belangrijke rol spelen in het nadenken over jezelf, waaronder de mediale prefrontale 
cortex (mPFC) en de temporele pariëtale junctie (TPJ) (Denny et al., 2012; Murray et al., 
2012; Northoff et al., 2006). In Figuur 2 is te zien waar in het brein deze gebieden te 
vinden zijn. Interessant is dat de mPFC en TPJ behoren tot de hersengebieden die als 
laatste uitgegroeid zijn: de ontwikkeling gaat nog door tot jongeren begin twintig zijn (Mills 
et al., 2014). Voor het begrijpen van veranderingen in zelfbeeld tijdens de adolescentie 
is het dus misschien wel cruciaal om ook te begrijpen hoe de betrokkenheid van deze 
hersengebieden in het nadenken over jezelf zich ontwikkelt. Opvallend is ook dat zowel 
de mPFC als de TPJ bij het ‘sociale brein netwerk’ horen: dat zijn gebieden in het brein 
die bekend staan om hun betrokkenheid bij sociale taken. Deze hersengebieden spelen 
bijvoorbeeld een rol in het begrijpen van anderen en in het interpreteren van wat andere 
mensen denken of voelen of wat hun beweegredenen zijn (Blakemore, 2008).

In het eerste deel van dit proefschrift onderzocht ik zelfbeeldontwikkeling tijdens de 
adolescentie (van 10 tot 24 jaar) vanuit verschillende levels (gedrag, hersenactivatie), 
perspectieven (direct, gereflecteerd), domeinen (academisch, uiterlijk, prosociaal), en 
doelen voor eigenschap-evaluatie (zelf, moeder), op 1 tot 3 tijdspunten. Op deze manier 
wilde ik de complexiteit van zelfbeeldontwikkeling tijdens de adolescentie nauwkeurig in 
kaart brengen.

Verschillen tussen jongeren
Hierboven beschreef ik de algemene ontwikkeling van zelfbeeld tijdens de adolescentie, 
maar niet iedereen ontwikkelt zich op precies dezelfde manier: er zijn veel verschillen 
tussen individuen. Bijvoorbeeld, omdat zelfbeeld een sociaal construct is dat ontwikkelt 
in interactie met anderen en met de sociale wereld, is het mogelijk dat het zelfbeeld 
van jongeren die moeite hebben met sociale situaties, zoals jongeren met een autisme 
spectrum stoornis (ASS), zich anders ontwikkelt. Onzekerheid over sociale vaardigheden 
en negatieve sociale ervaringen (Bellini, 2006) zouden het zelfbeeld en zelfvertrouwen 
van jongeren kunnen beïnvloeden (Attwood, 2003). Eerdere onderzoeken lieten zien dat 
autistische jongeren een lager zelfvertrouwen hebben (McCauley et al., 2019) en hun 
sociale en atletische vaardigheden negatiever beoordelen dan hun typisch ontwikkelende 
(TO) leeftijdsgenoten (Bauminger et al., 2004; Vickerstaff et al., 2007; Williamson et al., 
2008). Daarnaast hangen internaliserende problemen zoals angstige of depressieve 
gevoelens (die vaak voorkomen bij mensen met ASS) samen met een negatief zelfbeeld 
en laag zelfvertrouwen (Bos et al., 2010; Creemers et al., 2012; McCauley et al., 2019; 
van Tuijl et al., 2014). Het zou kunnen dat een negatief zelfbeeld en laag zelfvertrouwen 
leiden tot deze comorbide internaliserende problemen (Kita & Inoue, 2017).

Over hersenactivatie voor het nadenken over jezelf in autistische jongeren is nog maar 
weinig bekend. Een aantal studies laten soortgelijke mPFC activatie lieten zien in jongeren 
met en zonder autisme (Burrows et al., 2016; Cygan et al., 2018), terwijl andere studies 
aangeven dat mPFC activatie in jongeren met ASS zwakker is (Kennedy & Courchesne, 
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2008).

Een andere onderzoekslijn die bekend staat als de ‘alexithymie hypothese’ zegt dat 
sommige sociaal-affectieve problemen bij jongeren met autisme, zoals moeite hebben 
met empathie of het ervaren van angstige of depressieve gevoelens, misschien beter 
verklaard kunnen worden door alexithymie (Cook et al., 2013). Mensen die lijden aan 
alexithymie hebben moeite met het herkennen en beschrijven van hun eigen emoties 
(Sifneos, 1973). Het komt vaak voor samen met ASS: meer dan de helft van de mensen 
met autisme scoren ook hoog op alexithymie (50-55%; Kinnaird et al., 2019; Milosavljevic 
et al., 2016). Daarnaast is alexithymie al eens gerelateerd aan verminderde activatie in 
de mPFC, wat het interessant maakt om alexithymia ook mee te nemen in onderzoek 
naar zelfbeeld van jongeren met autisme (Bird et al., 2010; Moriguchi et al., 2006; van 
der Velde et al., 2013).

In het tweede deel van dit proefschrift onderzocht ik zelfbeeld en zelfvertrouwen, zowel 
gedragsmatig als op neuraal niveau, in jongeren met ASS. Daarnaast onderzocht ik 
mogelijke relaties met alexithymie en internaliserende symptomen. De belangrijkste 
vragen waren 1) hoe verschillen direct en gereflecteerd zelfbeeld en de onderliggende 
neurale activatie tussen adolescenten met en zonder autisme, en 2) hoe zijn zelfbeeld 
en zelfvertrouwen gerelateerd aan alexithymie en internaliserende problemen in 
adolescenten met autisme.

Samenvatting van de resultaten
Hieronder beschrijf ik de resultaten van acht empirische studies waarin ik 
zelfbeeldontwikkeling in typisch ontwikkelende jongeren en in jongeren met ASS 
onderzocht op zowel gedrags- als neuraal niveau (zie Figuur 3).

Zelfbeeldontwikkeling tijdens de adolescentie
In het eerste deel van dit proefschrift (hoofdstukken 2-6), heb ik zelfbeeldontwikkeling 
tijdens de adolescentie onderzocht. Ik heb een fMRI-taak ontwikkeld waarbij deelnemers 
eigenschappen moesten beoordelen terwijl ze in een MRI-scanner lagen. De taak 
bestond uit verschillende condities. In de direct-zelf conditie evalueerden deelnemers 
in hoeverre positieve en negatieve eigenschappen in het academisch, uiterlijk, en 
prosociaal domein bij hen pasten op een schaal van 1 tot 4. In de gereflecteerd-zelf 
conditie was de opdracht hetzelfde, maar nu moesten deelnemers zich bedenken hoe 
hun leeftijdsgenoten hen zouden beoordelen op diezelfde eigenschappen. In de moeder 
conditie evalueerden deelnemers in hoeverre positieve en negatieve eigenschappen in 
het uiterlijk en prosociaal domein bij hun moeder pasten.

In hoofdstuk 2 gebruikte ik de nieuwe MRI-taak om te zien welke hersengebieden er 
betrokken zijn bij het evalueren van eigenschappen van jezelf vanuit je eigen perspectief 
(direct-zelf) en van een naaste ander (moeder), in 31 jongvolwassenen tussen de 20 en 24 
jaar. Dit onderzoek liet zien dat sommige hersengebieden betrokken zijn bij zelfevaluaties 
in het algemeen, terwijl andere gebieden specifiek actief zijn bij zelfevaluaties in een 
bepaald domein. Het onderzoek wees ook uit dat de mPFC activatie hetzelfde was 
voor zelf- en moeder-evaluaties, sterker voor evaluatie van positieve dan van negatieve 
eigenschappen, en ongeacht valentie, sterker voor eigenschappen die als belangrijk 
werden beoordeeld dan voor eigenschappen die werden beoordeeld als neutraal of 
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onbelangrijk. Dit ondersteunt de valuation hypothese (i.e. mPFC activatie reflecteert 
zelfrelevantie of persoonlijk belang) door te laten zien dat dit gebied sterker betrokken is 
bij evaluaties van positieve en belangrijke eigenschappen.

In hoofdstuk 3 onderzocht ik of het domein- en valentie-onderscheid in hersenactivatie 
voor directe zelfevaluaties ook te zien is bij jongeren. Tijdens dit onderzoek deden 160 
adolescenten tussen de 11 en 21 jaar de zelfbeeld taak terwijl ze in een MRI-scanner 
lagen. Resultaten lieten soortgelijke patronen zien als in de studie in jongvolwassenen. 
Het ventrale (meer naar beneden gelegen) gedeelte van de mPFC werd specifiek actief 
voor de evaluatie van positieve eigenschappen. De resultaten lieten ook zien dat er in het 
midden van de adolescentie een dip is in academisch zelfbeeld, en een dip in striatum 
activatie voor positieve versus negatieve zelfevaluaties. Dit suggereert dat positieve 
zelfbeschrijvingen mogelijk relatief minder relevant of passend lijken in het midden van 
de adolescentie.

Figuur 2. Hersengebieden die actief zijn tijdens zelfevaluaties in het academische, uiterlijk en prosociale 
domein. Gele gebieden zijn actief onafhankelijk van domein. Blauwe gebieden zijn domein-specifieke gebieden 
die betrokken zijn bij zelfevaluaties van een specifiek domein.

In hoofdstuk 4 onderzocht ik zowel de ingeschatte mening van leeftijdsgenoten over 
het zelf (gereflecteerd zelfbeeld), als de eigen evaluatie over het zelf (direct zelfbeeld) 
in dezelfde groep jongeren als in hoofdstuk 3. De resultaten lieten zien dat directe 
en gereflecteerde zelfevaluaties sterk aan elkaar gecorreleerd zijn en grotendeels 
overlappen op zowel gedrags- als neuraal niveau. Het verschil tussen gedragsevaluaties 
én mPFC activatie vanuit het directe en gereflecteerde perspectief nam af met leeftijd. 
Dus ondanks dat gedrags- en neurale metingen van direct en gereflecteerd zelfbeeld 
aan het begin van de adolescentie al erg op elkaar lijken, gaat de mogelijke internalisatie 
van de mening van anderen in het eigen zelfbeeld nog door tijdens de adolescentie.

In hoofdstuk 5 heb ik de moeder-kind relatie gemeten door te kijken naar hoe moeders 
en jongeren elkaars eigenschappen beoordeelden, en naar live observaties van warmte, 
negativiteit en emotionele steun in gesprekken tussen moeder en adolescent. Het doel 
van deze studie was om te onderzoeken hoe de relatie tussen moeder en kind verandert 
tijdens de adolescentie, en hoe deze gerelateerd is aan het verschil in mPFC-activatie 
voor het nadenken over je eigen versus je moeders eigenschappen. Observaties van 
gesprekken tussen moeders en adolescenten lieten zien dat de communicatie tussen 
beide relatief negatiever was in de mid-adolescentie. Op die leeftijd vonden we ook 
sterkere activatie voor het nadenken over zelf versus moeder in hersengebieden die 
vooral actief worden bij het verwerken van stimuli die belangrijk of relevant zijn voor 



Exploring me in a world of we226 Exploring me in a world of we226

A

het zelf. Dit activatiepatroon illustreert dus mogelijk de grotere focus op het zelf in de 
midden adolescentie. Daarnaast liet deze studie zien dat mPFC-activatie voor zelf- en 
moeder-evaluaties meer op elkaar leek bij jongeren die hun moeders eigenschappen 
positiever beoordeelden. Mogelijk geeft overlappende mPFC-activatie voor zelf- en 
moeder-evaluaties dus aan hoe ‘close’ of hecht de moeder-adolescent relatie is.

Hoofdstuk 6 beschrijft een longitudinaal onderzoek met 3 tijdspunten gescheiden 
door 13 maanden, waaraan in totaal 189 jongeren tussen de 10 en 24 jaar meededen. 
Dit onderzoek liet opnieuw zien dat er een dip is in zelfbeeld positiviteit halverwege 
de adolescentie, vooral in het academische domein. Dit ging samen met toenemende 
mPFC activatie tijdens de adolescentie, afvlakkend in de vroege volwassenheid. Mogelijk 
weerspiegelen deze resultaten een verhoogde gevoeligheid en onzekerheid over het 
zelf in de midden tot late adolescentie. Verschillen tussen domeinen nemen toe in de 
vroege adolescentie en nemen weer af in de vroege volwassenheid. Direct zelfbeeld 
was over het algemeen positiever dan gereflecteerd zelfbeeld, en de onderliggende 
hersenactivatie voor zelfevaluaties vanuit beide perspectieven was erg vergelijkbaar. 
Tot slot liet ik zien dat een positiever zelfbeeld voorspellend is voor een toename van 
de helderheid van het zelfbeeld en voor minder angst voor negatieve evaluatie door 
anderen in de toekomst (één en twee jaar later), wat benadrukt dat het ontwikkelen van 
een positief zelfbeeld verschillende voordelen heeft.

Zelfbeeld – Individuele verschillen in autistische en affectieve kenmerken
In het tweede deel van dit proefschrift (hoofdstukken 7-9) heb ik het zelfbeeld 
onderzocht van jongeren met een autismespectrumstoornis (ASS), die vaak moeite 
hebben met sociale situaties en voor wie het moeilijker is om te manoeuvreren in de 
sociale wereld (American Psychiatric Association, 2013). Daarnaast heb ik onderzocht 
hoe individuele verschillen in het vermogen om gevoelens te herkennen en te beschrijven 
(i.e. alexithymie), gevoelens van depressie en angst, en zelfbeeld en zelfvertrouwen met 
elkaar samenhangen.

In hoofdstuk 7 heb ik het expliciete en impliciete zelfvertrouwen van kinderen 
en jongeren met ASS onderzocht en mogelijke relaties met internaliserende en 
externaliserende symptomen bekeken. Expliciet zelfvertrouwen is de bewuste evaluatie 
van iemands waarde als persoon (Bailey, 2003), terwijl impliciet zelfvertrouwen een 
impulsieve of automatische globale zelfevaluatie is (Strack & Deutsch, 2004). Aan dit 
onderzoek deden 25 autistische kinderen en jongeren en 24 leeftijdsgenoten zonder 
diagnose mee (8-16 jaar). De resultaten lieten zien dat jongeren met ASS een lager 
expliciet zelfvertrouwen hadden dan typisch ontwikkelende jongeren, terwijl impliciet 
zelfvertrouwen niet verschilde tussen de groepen. Bij autistische jongeren was een laag 
expliciet zelfvertrouwen gerelateerd aan internaliserende symptomen, terwijl een laag 
impliciet zelfvertrouwen gerelateerd was aan externaliserende symptomen. Samengevat 
geeft dit onderzoek aan dat jongeren met autisme een risico lopen op het ontwikkelen 
van een verlaagd explicit zelfvertrouwen, wat verband zou kunnen houden met de 
internaliserende symptomen die jongeren met autisme ook vaak ervaren. Dit benadrukt 
de noodzaak om in beoordeling en behandeling van autistische kinderen en jongeren 
rekening te houden met hun zelfvertrouwen.

In hoofdstuk 8 heb ik in plaats van autisme kenmerken gekeken naar de relatie van 
alexithymie met internaliserende symptomen (gevoelens van angst en depressie). Aan 



Exploring me in a world of we 227Exploring me in a world of we 227

A

deze studie deden 140 van dezelfde jongeren mee als in de hoofdstukken 3-5. Dit 
onderzoek liet zien dat een verder gevorderde puberteitsstatus bij meisjes en jongens, 
en een vroege timing van de puberteit bij meisjes, verband hielden met alexithymie 
(het identificeren en beschrijven van gevoelens). Bij meisjes werden internaliserende 
problemen beter verklaard door alexithymie dan door puberteitsstatus. Als we dus 
onderzoek doen naar het ontstaan en de ontwikkeling van internaliserende symptomen 
tijdens de adolescentie, is het goed om ook rekening te houden met alexithymie.

Gebaseerd op hoofdstukken 7 en 8, onderzocht ik in hoofdstuk 9 hoe zowel kenmerken 
van autisme als van alexithymie samenhangen met zelfbeeld en zelfvertrouwen. 
Deelnemers waren 35 jongens met ASS en 34 typisch ontwikkelende leeftijdsgenoten met 
een leeftijd van 12 tot 16 jaar. Deze studie liet op zowel gedrags- als neuraal niveau geen 
groepsverschillen zien tussen jongeren met en zonder autisme: de basis van het zelfbeeld 
lijkt dus hetzelfde te zijn bij autistische en niet-autistische jongeren. Ongeacht diagnose 
was het hebben van meer autismekenmerken wel gerelateerd aan een negatiever 
zelfbeeld in het uiterlijk en prosociale domein, maar niet in het academische domein. 
Hoewel het aantal autismekenmerken gerelateerd was aan eenlaag zelfvertrouwen, leek 
alexithymie hier sterker aan gerelateerd te zijn. Hersenactivatie in de mPFC was niet 
gerelateerd aan het aantal autismekenmerken, maar was wel minder sterk bij jongeren 
met meer kenmerken van alexithymie. Alexithymie lijkt dus vooral samen te hangen 
met de meer sociaal-emotionele aspecten van zelfbeeld en zelfvertrouwen. Net als bij 
jongeren zonder autisme, bleek er ook bij autistische jongeren een grote gedragsmatige 
en neurale overlap te zijn tussen gereflecteerd en direct zelfbeeld. Alleen voor het 
prosociale domein hing het hebben van veel autisme kenmerken samen met minder 
overlap tussen directe en gereflecteerde zelfevaluaties.

Algemene discussie
Samengenomen hebben de studies in dit proefschrift een aantal belangrijke inzichten 
opgeleverd met betrekking tot zelfbeeldontwikkeling in de adolescentie (Figuur 
3): 1) Zelfbeeld is multidimensionaal, 2) Zelf en ander zijn met elkaar verweven, 3) 
Zelfbeeldontwikkeling vormt kansen en kwetsbaarheden, 4) Verschillen tussen jongeren, 
5) Multimethodologische wetenschap. In de volgende paragrafen bespreek ik deze 
belangrijkste inzichten in meer detail.

Zelfbeeld is multidimensionaal
Ten eerste laten de empirische studies in dit proefschrift zien dat zelfbeeld een 
overkoepelend construct is dat allerlei verschillende domeinen omvat. Dit kwam uit de 
onderzoeken naar voren op gedragsniveau en op neuraal niveau. Op gedragsniveau 
lieten hoofdstukken 2, 3, 6, en 9 zien dat jongeren over het algemeen het meest 
positief zijn over hun prosociale eigenschappen. Daarnaast geven hoofdstukken 2 en 
6 verschillende veranderingen aan tijdens de adolescentie per domein van zelfbeeld. 
Op neuraal niveau laten hoofdstukken 2 en 3 zien dat sommige hersengebieden 
specifiek betrokken zijn bij het nadenken over jezelf in een bepaald domein, terwijl 
andere hersengebieden ongeacht domein altijd actief worden als je over jezelf nadenkt. 
Samengenomen kon ik, door een multidisciplinaire benadering toe te passen om 
zelfbeeld in de adolescentie te onderzoeken, de neurale processen blootleggen die 
onderliggend zijn aan domeinverschillen op gedragsniveau. Dit versterkt de suggestie in 
de literatuur dat zelfbeeld een multidimensionaal construct is, terwijl alle facetten samen 
een overkoepelend geheel vormen (Byrne, 1996).
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Figuur 3. Illustratie van de vijf hoofdpunten die besproken worden in de algemene discussie: Zelfbeeld is 
multidimensionaal, zelf en ander zijn met elkaar verbonden, zelfbeeld vormt kansen en kwetsbaarheden, 
individuele verschillen in kwetsbaarheid, en multimethodologische wetenschap.

Zelf en ander zijn met elkaar verweven
Ten tweede tonen de studies in dit proefschrift aan dat zelf en ander sterk met elkaar 
verbonden zijn tijdens de adolescentie. In hoofdstukken 2 en 5 laat ik zien dat 
hersenactivatie voor het evalueren van de eigen eigenschappen sterk overlapt met 
hersenactivatie voor het evalueren van de eigenschappen van moeder. Hoofdstukken 
4, 6 en 9 geven aan dat ook het evalueren van de eigen eigenschappen vanuit het 
ingeschatte perspectief van leeftijdgenoten sterk gerelateerd is aan de eigen (directe) 
evaluatie van het zelf, op zowel het gedrags- en neurale niveau. Daarnaast spelen 
hersengebieden die horen bij het ‘sociale brein’ een belangrijke rol in het nadenken over 
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het zelf (hoofdstukken 2-6 en 9). Dit ondersteunt de theorie van Harter dat zelfbeeld 
een sociaal construct is dat gevormd wordt in interactie met anderen. Samenvattend 
ondersteunen de resultaten van dit proefschrift de suggestie dat jongeren processen 
gericht op zelf en ander in hoge mate integreren (Crone & Fuligni, 2020) (Figuur 4).

Figuur 4. Directe en gereflecteerde evaluaties van de eigen eigenschappen en evaluaties van de 
eigenschappen van moeder zijn allemaal afhankelijk van soortgelijke onderliggende neurale activatie in de 
mPFC en TPJ.

Zelfbeeldontwikkeling kan kansen en kwetsbaarheden scheppen
Ten derde duidt dit proefschrift een kwetsbare periode aan in het midden van de 
adolescentie. Dat wil zeggen, resultaten uit dit proefschrift laten zien dat de positiviteit 
van het zelfbeeld een dip vertoont in het midden van de adolescentie (hoofdstuk 6), dat 
mPFC-activatie toeneemt tijdens de adolescentie en afvlakt in de vroege volwassenheid 
(hoofdstuk 6) en dat striatum-activatie in deze periode niet duidelijk sterker is voor 
positieve versus negatieve zelfevaluaties, wat mogelijk wijst op een dip in zelfrelevantie 
van positieve eigenschappen (hoofdstuk 3). Deze resultaten passen bij eerdere 
beschrijvingen van de midden-adolescentie als een periode waarin jongeren meer 
negatief worden beïnvloed door sociale vergelijking (van der Aar et al., 2018) en een 
verhoogd zelfbewustzijn (Somerville et al., 2013). Zelfbeeld halverwege de adolescentie 
is dus mogelijk kwetsbaar, en jongeren kunnen in deze periode onzekerder over zichzelf 
zijn (Becht et al., 2016). In een periode die wordt gekenmerkt door een verhoogde 
zelffocus (Crone & Fuligni, 2020) en egocentrisme (Harter, 2012), kan meer zelfreflectie 
leiden tot een (tijdelijk) negatiever zelfbeeld.

Mogelijk is deze periode van kwetsbaarheid van nut, of zelfs nodig in de ontwikkeling van 
zelfbeeld. Jezelf goed leren kennen en een positief zelfbeeld hebben is belangrijk voor 
het maken van beslissingen over de toekomst, zoals het kiezen van een studierichting 
of baan (van der Aar, Crone, et al., 2019; van der Aar, Peters, et al., 2019b). Dus ook al 
ervaren jongeren een tijdelijke onzekerheid of twijfel over zichzelf, het kan hen helpen 
om meer te weten te komen over hun eigenschappen, vaardigheden en interesses, wat 
hen zou kunnen helpen 

Verschillen tussen jongeren en het belang voor mentaal welzijn
Ten vierde geeft dit proefschrift aan dat (kwetsbaarheden in) zelfbeeldontwikkeling niet 
voor iedereen precies hetzelfde is: er zijn verschillen tussen jongeren. Hierna bespreek 
ik eerst zelfbeeld en zelfvertrouwen in relatie tot kenmerken van autisme, alexithymie en 
internaliserende problemen zoals depressie en angst. Daarna beschrijf ik hoe individuele 
verschillen in zelfbeeld voorspellend kunnen zijn voor de helderheid van het zelfbeeld en 
de angst voor negatieve evaluatie door anderen.
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Autisme, alexithymie en internaliserende symptomen
Uit dit proefschrift blijkt dat zelfbeeld voor autistische en typisch ontwikkelende jongeren 
in principe vergelijkbaar is. Hoewel hoofdstuk 7 liet zien dat zelfvertrouwen van 
jongeren met autisme lager is dan dat van jongeren zonder autisme, toonde hoofdstuk 
9 aan dat zelfvertrouwen, zelfbeeld, en de onderliggende hersenactivatie vergelijkbaar 
zijn tussen jongeren met en zonder autisme. Kwetsbaarheden komen vooral naar 
voren als autisme- en alexithymie-kenmerken op een continuüm worden beschouwd. 
Dat wil zeggen, het aantal kenmerken van autisme en alexithymie hangen samen met 
het ontwikkelen van een negatief zelfbeeld en laag zelfvertrouwen (hoofdstuk 9), en 
verschillende onderzoeken laten zien dat autisme (Simonoff et al., 2008), alexithymie 
(hoofdstuk 8; Bloch et al., 2021; Milosavljevic et al., 2016) en laag zelfvertrouwen 
(hoofdstuk 7; Sowislo & Orth, 2013; Van Tuijl et al., 2014) samenhangen met verminderd 
mentaal welzijn (internaliserende problemen). Een positieve kijk hebben op jezelf is dus 
belangrijk voor een goed mentaal welzijn.

Samen geven deze resultaten aan dat het fundament van zelfbeeld hetzelfde lijkt te 
zijn voor autistische en typisch ontwikkelende jongeren, dat deze jongeren op een 
vergelijkbare manier een beeld van zichzelf vormen. Dit biedt kansen voor jongeren 
met ASS. Zoals hierboven beschreven, is het ontwikkelen van een goed zelfbeeld 
niet alleen belangrijk voor de geestelijke gezondheid, maar ook voor het nemen van 
de juiste beslissingen over de toekomst (van der Aar et al., 2019; van der Aar et al., 
2019). Daarnaast kunnen mogelijk bestaande zelfbeeldinterventies, zoals Competitive 
Memory Training (COMET), ingezet worden om een   negatief zelfvertrouwen of zelfbeeld 
te verbeteren. Een recente pilotstudie gaf inderdaad aan dat zowel het zelfbeeld als de 
externaliserende en internaliserende problemen van autistische jongeren verbeteren 
na deelname aan deze training (Balci et al., 2020).

Helderheid van zelfbeeld en angst voor negatieve evaluatie
De empirische studies in dit proefschrift toonden daarnaast aan dat individuele 
verschillen in zelfbeeldontwikkeling ook bij jongeren zonder klinische diagnose kunnen 
leiden tot verschillende uitkomsten. Doordat we jongeren 3 jaar lang gevolgd hebben, 
konden we het zelfbeeld op het eerste meetmoment, en de veranderingen in zelfbeeld 
tijdens die 3 jaar, gebruiken om gedrag op het laatste meetmoment te voorspellen 
(hoofdstuk 6). Deze studie gaf aan dat het met de tijd positiever worden over jezelf 
samenhangt met een toename in de helderheid van zelfbeeld (i.e. zekerder weten wie je 
bent als persoon). Daarnaast maakten jongeren die tijdens de eerste meting positiever 
waren over hun uiterlijk, zich op het tweede en derde meetmoment minder zorgen over 
of anderen misschien negatief over ze zouden denken. Dit proefschrift laat hiermee 
zien dat individuele verschillen in zelfbeeld positiviteit niet alleen verband houden met 
mentaal welzijn, maar ook met het goed leren kennen van jezelf, en met het minder 
zorgen maken over de mening van anderen over jezelf.

De waarde van multimethodologische wetenschap
Een van de doelen van dit proefschrift was om meerdere methoden te gebruiken 
om een   nieuw perspectief te krijgen op de ontwikkeling van zelfbeeld tijdens de 
adolescentie. Zoals ook hierboven beschreven heeft deze benadering nieuwe inzichten 
opgeleverd met betrekking tot de processen die ten grondslag liggen aan verschillende 
aspecten van zelfbeeldontwikkeling zoals de multidimensionaliteit van zelfbeeld en de 
integratie tussen zelf en ander. Daarnaast maakte de combinatie van gedragsmaten en 



Exploring me in a world of we 231Exploring me in a world of we 231

A

hersenactivatie het mogelijk om de rol van de mPFC in het nadenken over jezelf verder 
te onderzoeken. De empirische studies in dit proefschrift lieten zien dat jongeren vaker 
positieve dan negatieve eigenschappen aan zichzelf toebedeelden (hoofdstukken 
2 en 6), en dat mPFC-activatie sterker was voor de evaluatie van positieve dan 
negatieve eigenschappen (hoofdstukken 2, 3 en 6). Daarnaast was de activatie in 
de mPFC sterker voor eigenschappen die als belangrijk werden beoordeeld dan voor 
eigenschappen die als neutraal of niet belangrijk werden beoordeeld (hoofdstuk 2), 
maar vergelijkbaar voor evaluaties van zelf en moeder (hoofdstukken 2 en 5). Deze 
resultaten ondersteunen allemaal de valuation hypothesis, die zegt dat mPFC-activatie 
tijdens het nadenken over jezelf zelfrelevantie, persoonlijke waarde of persoonlijk belang 
weerspiegelt (D’Argembeau, 2013).

Toekomstige richtingen voor multimethodologische wetenschap
Ondanks dat er in dit proefschrift meerdere methoden zijn gebruikt om 
zelfbeeldontwikkeling te onderzoeken, kunnen de bevindingen ervan ons niet helpen 
begrijpen hoe we deze resultaten moeten interpreteren, of wat deze resultaten 
betekenen voor de jongeren die nu opgroeien. Daarom stel ik voor dat er in toekomstig 
onderzoek meer aandacht wordt besteed aan het leggen van een wederzijdse link 
tussen wetenschap en maatschappij door het gebruik van ‘citizen science’ methoden. 
Hoewel de vragen die in dit onderzoeksgebied en in dit proefschrift gesteld worden 
vaak theoretisch gedreven en fundamenteel van aard zijn, geloof ik dat het maken van 
een verbinding met de samenleving van grote toegevoegde waarde kan zijn. In Box 1 
beschrijf ik wat ik heb geleerd van mijn ervaring met het verbinden van wetenschap en 
maatschappij tijdens mijn promotietraject.

De connectie tussen wetenschap en maatschappij kan beide kanten op werken: van 
wetenschap naar samenleving, en van samenleving naar wetenschap. De relatie van 
wetenschap naar maatschappij houdt in dat wetenschappers hun kennis delen met een 
breed publiek (i.e. ‘outreach’), bijvoorbeeld door het geven van lezingen of workshops. De 
relatie van maatschappij naar wetenschap houdt in dat de samenleving wetenschappers 
informeert, bijvoorbeeld over de onderzoeksvragen die gesteld zouden moeten worden, 
over het interpreteren en contextualiseren van nieuwe fundamentele kennis, en over 
relevante en actuele items in het ontwikkelen van vragenlijsten en van ecologisch valide 
experimentele paradigma’s. Bijvoorbeeld, in gestructureerde panelsessies zouden 
thema’s naar voren kunnen komen die relevant zijn voor het meten van een bepaald 
construct (zoals aspecten die belangrijk zijn voor je welzijn, of generatiekenmerken), maar 
die tot nu toe nooit werden meegenomen in onze vragenlijsten. Uit zulke panelsessies 
kunnen ook ideeën naar voren komen over de begrijpelijkheid, verwoording en relevantie 
van al bestaande vragenlijstitems. Op deze manier kan het gebruik van citizen science 
als aanvullende methode neuropsychologische onderzoek naar de ontwikkeling van 
jongeren verbeteren (10 Voordelen van Citizen Science | RIVM Magazines, n.d.).

Om een duurzame bidirectionele relatie tussen wetenschap en maatschappij mogelijk 
te maken, hebben wetenschappers tijd en financiële middelen nodig. Tegelijkertijd 
zorgt het ervoor dat een wetenschapper nóg meer verschillende vaardigheden moet 
leren om goed wetenschappelijk onderzoek te kunnen doen. De meeste mensen 
blinken natuurlijk niet uit op alle gebieden, zoals onderzoeks-management, coderen 
of complexe statistische analyse, leiderschap, theorievorming, maatschappelijke of 
wetenschappelijke impact, onderwijs en ‘open science’. Dit benadrukt de noodzaak voor 
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universiteiten en onderzoeksfinanciers om de voordelen van ‘team science’ te erkennen 
en de implementatie ervan mogelijk te maken, waarbij de ontwikkeling van de individuele 
talenten van wetenschappers wordt aangemoedigd. Sommige universiteiten hebben al 
een aantal veelbelovende eerste stappen gezet (vooral gericht op senior onderzoekers) 
en het position paper ‘Ruimte voor ieders talent: naar een nieuwe balans in erkennen en 
waarderen’ (NWO, n.d.) wordt over het algemeen goed ontvangen. Om alle talenten van 
wetenschappers te koesteren en de wetenschap als geheel optimaal te laten profiteren, 
is echter een bredere verschuiving nodig, zowel mentaal als in beleid. Daarnaast 
zouden onderzoeksfinanciers kunnen overstappen van het voornamelijk toekennen 
van beurzen aan individuele onderzoekers naar het vaker toekennen van beurzen 
aan gezamenlijke onderzoeksprojecten. Een echte waardering voor teamwetenschap 
zou uiteindelijk kunnen leiden tot oprechte waardering van alle verschillende soorten 
wetenschappers, wat ten goede komt aan de kwaliteit van wetenschappelijk onderzoek, 
academisch onderwijs en de inbedding van wetenschap in de samenleving. Ik ben ervan 
overtuigd dat wetenschap nooit alleen wordt gedaan, maar altijd samen met een team 
van wetenschappers, en het liefst zelfs in samenwerking met de maatschappij.

Limitaties
Er zijn wat kanttekeningen die in gedachten moeten worden gehouden bij het lezen van 
dit proefschrift. Ten eerste zijn de meeste studies in dit proefschrift cross-sectionele 
onderzoeken, met uitzondering van hoofdstuk 6 waarbij ik data van drie tijdspunten 
beschrijf. Toekomstige onderzoeken zouden er goed aan doen om data op meer 
tijdspunten te meten, zodat het mogelijk is om complexere ontwikkelingspatronen binnen 
personen in kaart te brengen (King et al., 2018). Ten tweede heb ik me in dit proefschrift 
gericht op de positiviteit van zelfbeeld en zelfvertrouwen. Een andere interessante 
onderzoekslijn zou zijn om te onderzoeken hoe goed jongeren zichzelf kennen, hoe 
zeker ze ervan zijn dat ze zichzelf goed kennen en in hoeverre ze zichzelf accepteren 
zoals ze zijn. Het zou interessant zijn om samen met jongerenpanels te onderzoeken 
welke factoren belangrijk zijn voor hen en wat hen bezighoudt met betrekking tot zelf-
ontwikkeling. Een derde kanttekening is de relatief hoge sociaaleconomische status 
van de deelnemers aan de studies in dit proefschrift, wat de generaliseerbaarheid van 
dit onderzoek beperkt. Het is belangrijk dat we ons niet alleen bewust zijn van deze 
kanttekening, maar ook om toekomstige studies beter af te stemmen op een bredere 
groep jongeren. Een eerste stap kan zijn om de manier waarop we met onze deelnemers 
communiceren te veranderen, door bijvoorbeeld lange schriftelijke informatiebrieven 
te vervangen door korte geanimeerde video’s met uitleg over het onderzoek en het nut 
van deelname eraan, en door alternatieven te vinden voor de lange vragenlijsten. Het 
inzetten van een living lab of een citizen science-aanpak kan ook een goede manier zijn 
om jongeren actief te betrekken bij wetenschappelijk onderzoek.

Conclusie
Dit proefschrift geeft een gedetailleerd begrip van de ontwikkeling van zelfbeeld 
(‘exploring me’), in relatie tot naaste anderen en rekening houdend met de impact van 
belangrijke anderen (‘in a world of we’). Daarnaast geeft dit proefschrift een overzicht van 
hoe zelfbeeld eruitziet voor jongeren die in het dagelijks leven worstelen met ‘exploring 
me’ (alexithymie) en/of ‘a world of we’ (autisme). De studies beschreven in dit proefschrift 
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laten allereerst zien dat zelf en ander, of de sociale wereld, sterk met elkaar verweven 
zijn, wat bevestigt dat zelfbeeld een sociaal construct is (Harter, 2012). De studies geven 
ook aan dat zelfbeeld onderverdeeld kan worden in verschillende domeinen op zowel 
gedrags- als neuraal niveau, wat recente theorieën bevestigt die gebaseerd zijn op een 
reeks gedragsstudies (Marsh & Craven, 2006). Tenslotte suggereren de bevindingen in 
dit proefschrift een kwetsbaarheid in het zelfbeeld in het midden van de adolescentie, 
mogelijk als gevolg van een periode van verhoogde zelftwijfel, en ze laten zowel 
kwetsbaarheden als kansen zien in de ontwikkeling van het zelfbeeld van jongeren met 
ASS of met veel kenmerken van autisme of alexithymie.

De volgende stappen in onderzoek naar zelfbeeldontwikkeling zijn het blijven 
combineren van meerdere methoden, het onderscheiden van meer verschillende 
domeinen van zelfbeeld, en het verder onderzoeken van de effecten van de echte en 
ingeschatte meningen van verschillende anderen in grootschalige longitudinale studies. 
Daarnaast is een aanbeveling voor toekomstig onderzoek om individuele verschillen 
in ontwikkelingstrajecten van zelfbeeld te onderzoeken, te onderzoeken of deze 
voorspellend zijn voor mentaal welzijn en het maken van keuzes over de toekomst, 
en om in samenwerking met jongerenpanels zinvolle interventies te ontwikkelen. 
Samengenomen helpen de empirische studies in dit proefschrift ons te begrijpen hoe 
jongeren met en zonder autisme over zichzelf denken, en waar kwetsbaarheden maar 
ook kansen zich kunnen voordoen, zodat we uiteindelijk jongeren kunnen helpen om te 
waarderen en accepteren wie ze echt zijn.
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Box 1
Wat ik heb geleerd over het verbinden van wetenschap 

en maatschappij

Tijdens mijn PhD heb ik geleerd dat er veel verschillende manieren zijn om wetenschappelijke kennis te 
delen met het grote publiek. Zo heb ik lezingen en workshops gegeven, lespakketten gemaakt voor scholen, 
interviews gegeven voor verschillende media, hoofdstukken geschreven in boeken en voor online outlets, 
blogs geschreven, vlogs gefilmd, samengewerkt met de makers van een museale tentoonstelling, en ben ik te 
gast geweest in podcasts. Daarbij leerde ik dat dezelfde wetenschappelijke kennis informatief kan zijn voor veel 
verschillende mensen, zoals jongeren, ouders, leerkrachten, professionals en beleidsmakers. Daarom is het 
belangrijk om het medium, de invalshoek en de taal die je gebruikt aan te passen aan het specifieke publiek. 
Door hiermee bezig te zijn kom je terug bij de basis in die zin dat je je opnieuw af moet vragen waarom je 
onderzoek belangrijk is, en het dwingt je om je onderzoek in een bredere maatschappelijke context te plaatsen.

Het communiceren van wetenschappelijke kennis naar de samenleving kan ook gunstig zijn voor het publiek, 
ook als het gaat om fundamentele kennis die niet direct toepasbaar is in het dagelijks leven. In mijn ervaring 
lijkt het leren over algemene ontwikkelingstrends in gedrag en onderliggende hersenactivatie ouders en 
professionals een context te bieden waarin gedrag kan worden geplaatst, en biedt het jongeren herkenning 
en geruststelling. Dit komt volgens mij voort uit een nieuw begrip over hoe en waarom bepaald gedrag en 
bepaalde ervaringen en gevoelens ontstaan, en uit de wetenschap dat het normaal is en dat ze niet de enige 
zijn. Daarnaast geeft het delen van wetenschappelijke informatie met jongeren en het samenwerken met 
jongeren met behulp van citizen science methoden, jongeren meer inzicht en vertrouwen in de wetenschap. 
Mijn ervaring is dat veel jonge mensen geïnteresseerd zijn in hoe wetenschap werkt en hoe je wetenschapper 
kunt worden. Wetenschappers ontmoeten in het echte leven en leren over wetenschappelijke kennis 
vermindert het idee dat wetenschap iets extreem ingewikkelds is dat zich ergens in een ivoren toren afspeelt. 
Het kan jonge mensen doen beseffen dat veel verschillende soorten mensen, ongeacht geslacht, leeftijd of 
achtergrond, wetenschappers kunnen zijn.

Hoewel wetenschapscommunicatie vanaf het begin een belangrijk onderdeel was van mijn promotietraject, 
begon ik pas in een latere fase met het maken van een bidirectionele verbinding tussen wetenschap en 
maatschappij. Ik was betrokken bij de jongerenchallenge van de Nationale Wetenschapsagenda (NWA), waarbij 
vijf onderzoeksgroepen vijf vragen van jongeren beantwoordden over de toekomst na de coronacrisis. Ons 
team moest de vraag beantwoorden: “Hoe kunnen jongeren invloed hebben op beslissingen en beleid? Hoe 
zorgen we ervoor dat jongeren nu en over 10 jaar een stem hebben in de maatschappij?” Om deze vraag 
te beantwoorden hebben we het online platform YoungXperts gelanceerd (www.youngxperts.nl). Hier delen 
we wetenschappelijke kennis over jongeren en ontwikkeling (‘the facts’), die we combineren met ideeën, 
oplossingen en oproepen tot actie van jongeren (‘take action’). Met ons living lab houden we panelsessies (of 
brainstorms) met jongeren, maar ook met jongerenwerkers, jongerenorganisaties en beleidsmakers. Op deze 
manier streven we ernaar een duurzame connectie tot stand te brengen tussen de samenleving (met name 
jongeren), wetenschap en beleidsmakers, om de stem van jongeren in de samenleving door te laten klinken 
en te versterken.

De effectiviteit van het YoungXperts-platform en de citizen science methoden wordt geïllustreerd door een 
onderzoek dat we hebben uitgevoerd in opdracht van het Rijksinstituut voor Volksgezondheid en Milieu (RIVM) 
en het ministerie van Volksgezondheid, Welzijn en Sport (VWS). We gebruikten citizen science door samen 
met jongeren een vragenlijst te ontwikkelen (waardoor we geen relevante vragen misten) en de vragenlijst 
met hun hulp en  via hun connecties te verspreiden. Daarnaast spraken we op kleinere schaal rechtstreeks 
met verschillende groepen jongeren in brainstorms, waardoor we jongeren bereikten die normaal gesproken 
voor wetenschappelijk onderzoek moeilijk te bereiken zijn. Door middel van de brainstorms konden we ook 
de resultaten uit de vragenlijsten beter contextualiseren en interpreteren: de brainstorms hielpen ons de 
motieven van jongeren om bepaald gedrag te vertonen of een bepaalde mening te hebben beter te begrijpen. 
Deze benadering zorgde ervoor dat we de beleidsmakers een compleet en breed generaliseerbaar beeld 
konden geven van de houdingen, meningen en motieven van jongeren, wat direct geïmplementeerd kon 
worden in nieuw beleid.

Tijdens het leren van deze nieuwe onderzoeksmethode raakte ik overtuigd van de toegevoegde waarde 
ervan in aanvulling op klassieke onderzoeksmethoden op het gebied van cognitieve neurowetenschappen. 
Onderzoek met vragenlijsten, experimentele paradigma’s, fMRI en citizen science hebben allemaal bepaalde 
sterke en zwakke punten, waardoor de methoden elkaar goed aanvullen. Ik denk dat de tekortkomingen van 
de ene methode kunnen worden gecompenseerd door de sterke punten van een andere.
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