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Supplementary materials

Supplementary materials
CHAPTER 2

FMRI Task

Participants played a heads-or-tails gambling game in which they could win
or lose coins (Figure SI; also see Braams, Gurodlu, et al, 2014; Braams, Peters, et
al, 2014; Braams et al, 2015). Participants started the game with 10 coins. On
eqach trial, participants made a guess for heads or tails by pressing a button
with their right index or middle finger. They won if the computer matched their
response and lost if the computer did not match their response. Chances of
winning on each trial were thus 50%. The first trial screen (4000 ms) showed
how many coins they could win or lose. To keep the participants engaged in
the task, three different types of distributions of coins were included: trials on
which participants could win 3 or lose 3 coins, win 5 or lose 3 coins, and win
2 or lose 5 coins. A fixation screen followed the trial screen (1000 ms), and
a feedback screen (1500 ms) followed the fixation screen and showed the
outcome of the gambling decision. Trials ended with a jittered fixation screen
(1000 - 13200 ms). Participants were instructed that the coins won in this task
would translate to actual money, which would be paid out at the end of the
experiment. In reality, all participants were randomly paid 4, 5, or 6 euros at T1
and T2, and they were paid 3 euros at T3, At T1 and T2 participants played 30
trials for themselves, 30 trials for their best friends, and 3O trials for another
person. At T3, participants played 23 trials for themselves and 22 trials for their
pest friend. The aim of the current study was to investigate nucleus accumbens
activation during rewards for the self; therefore only trials when participants
played for themselves are included in the current analyses. It should be noted
that there were fewer trials at T3 which was not accounted for in the anal-
yses. We included all available data for the self condlition (i.e, when participants
played for themselves) from each time point.
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Addendum

Table S1. Number of scans obtained at T1, T2, and T3

Time point Total  valid scans scans excluded scans excluded
for analyses due to excessive for other reasons’
motion (> 3mm)

TI 299 248 36 15
T2 255 226 10 19
T3 243 219 4 20

' Other reasons to exclude scans than excessive motion were technical problems or artifacts, not

finishing the task, reporting of a neurological or psychiatric disorder.

Table S2. . Significance levels model comparisons testing the relation with age

Model 1vs. 0 2 vs. 1 3 vs. 2 4 vs. Best model 5 vs. 4

Dependent variable

Left NAcc Win > Lose 0.07 0.001 0.70 0.07 0.82
Right NAcc Win > Lose 003 < 0.001 097 058 0.83
Pleasure from <0001 014 093 < 0.001 0.50
Winning vs. osing

BAS Drive 002 058 003 057 0.02
BAS Fun Seeking 083 054 <0.01 0.70 028
BAS Reward 0.36 0.65 001 0.01 0.39
Responsiveness

Note. O = Null model, 1 = Linear model 2 = Quadratic model, 3 = Cubic model, 4 = Best model +
Main effect Sex, 5 = 4 + Sex x Age interaction.

’Note. Preferred models are in bold.
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Table S3.  Significance levels model comparisons testing the relation with
NAcc activation

Left NAcc Win > Lose Right NAcc Win > Lose
[9) 9]
(e} — 3 o) o — 8 %)
¢ ¢ E ¢ ¢ ¢ E ¢
— o~ d < — o~ d <
o [J] o [J] 9] o o [0
° o @ o o k) @ k)
o} o} > e} e} o) > o)
Predictor > > ™ > > > ™ >
Early to Mid adolescents
Pleasure from Winning 016 058 - - 010 048 - -
vs. Losing
BAS Drive 0.03 055 016 009 0.02 073 0.84 041
BAS Fun Seeking 007 042 - - 0.39 063 - -
BAS Reward 037 045 - - 0.38 0.62 - -
Responsiveness

Mid-Adolescents to Young Adults

Pleasure from Winning <001 <0.001 060 046 < <0001 060 099
vs. Losing 0.001

BAS Drive 096 <0001 019 088 096 <0001 028 085
BAS Fun Seeking 073 <0001 017 070 068 <0001 024 073
BAS Reward 050 <0001 013 070 035 <0.001 017 0.68
Responsiveness

Note. O = Null model, T = model with Prediictor, 2 = model with Predictor + Age, 3 = Best model +
main effect Sex, 4 = 3 + Sex x Predictor interaction.

’Note. Preferred models are in bold.
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YOU YOU WIN!

. . |G| -

400 ms 1000 ms 1500 ms 1000 - 12300 ms

»

Figure S1. Example of one trial of the fMRI task.



Supplementary materials

>

10 10
» 5 s 5
K K
2 c
£ £
z g ©
g 4
<
z Z s
5 5
4 -5 o«
=104
10 5 20 25 30
Age Age

o)
N

o 10
£
[
3
“
>
-
c
E
=
§
£
v (9]
2
8
o
16 200
w
14 w
e s
2
12 Z
g
g o 150
= o
E 10 °
o
S 4 2 s
w [+3
w w
s 3
6 100

Age

Sex. —&— Female —&— Male

Figure S2. Raw data of (A) left and right NAcc activation during winning vs. losing, (B) self-
reported pleasure from winning versus losing, (C) BAS drive, (D) BAS fun seeking, and (E) BAS

reward responsiveness across development. The connected points represent the participants,

red for females and blue for males.
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A Early to mid-adolescents
Left Right

NAcc Win > Lose

4 5 & 7 8 2100 12131410516

NAce Win > Lose

-4 -2 o 2 4 6 8 10 -4 2 0 2 4 ] 8 IO
Pleasure from Winning vs. Losing

Sex: —&— Female —&— Male

Figure S3. Raw data of the relation between left and right NAcc activation during winning
versus losing and (A) BAS drive scores from early to mid-adolescent males and females, and
(B) pleasure from winning vs. losing corrected for the main effect of age from mid- to late

adolescents and young adult males and females. The connected points represent the partici-

pants, red for females and blue for males.
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CHAPTER 3

Whole Brain Analysis:
Winning versus Losing for Best Friend

We examined which brain regions showed significantly increased activa-
tion during winning > losing for a best friend with a whole brain analysis of
variance (ANOVA) with three factors: type of friendship (2 levels: stable and
unstable), feedback (2 levels: winning or losing for friend), and time point (3
levels: T1, T2, and T3). We examined main effects of and interactions with feed-
back and friendship type. As expected, there was a main effect of feedback
in the ventral striatum showing higher activity during winning than losing for
the friend (Figure SI; Table Sl). There were no effects of friendship type, and no
interactions.

P. E. Ventral striatum: Main effect of feedback

04
02
N =u=n = =
-02
-04
=06
-08
] T I
o L l
=14
Win Lose Win Lose
Left VS Right VS

Figure S1. Main effect of feedback when playing for friends within a 2 [win or lose] x 2 [stable
or unstable best friendship] x 3 [T1, T2, or T3] whole brain ANOVA. PE. = Parameter estimates,
VS = Ventral striatum.
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Correlations between Pleasure from Winning, Friend-
ship Quality, and Closeness

Partial correlation analyses were conducted to examine relations between
positive and negative friendship quality, friendship closeness, and pleasure
from winning within time points corrected for age (Table S2). At T1 positive and
negative friendship quality correlated negatively (o < OO)). There were no
significant correlations at Tl for pleasure from winning and friendship guality
(os > 23). At T2, positive friendship quality correlated negatively with negative
friendship quality (o < . OOI) and positively with pleasure from winning (p < Ol).
Furthermore, friendship closeness correlated negatively with negative friend-
ship quality (o < OO1) and positively with positive friendship quality (o < .OOI).
There were no significant correlations at T2 between pleasure from winning
and negative friendship quality and friendship closeness (ps > 23). At T3, plea-
sure from winning correlated positively with positive friendship quality (p < Ol)
and friendship closeness (p = Ol). Friendship closeness further correlated posi-
tively with positive friendship quality (o < OOI). Correlations of negative friend-
ship quality with pleasure from winning, and of negative friendship quality with
positive friendship quality and friendship closeness were not significant (ps > .32).

Table S1. Whole brain ANOVA

Brain Region L/R Voxels z MNI coordinates
X y z
Ventral striatum R 89 6.82 12 15 -3
L 102 6.50 -9 15 -3
583 -18 6 -9

Note. Family-wise error correction, P <.05, K > 10.
L =left, R = right.
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Table S2. Correlation matrix

Pleasure
from Negative Positive
winning friendship quality friendship quality
T1
Pleasure from winning -
Negative friendship quality -11 -
Positive friendship quality 11 - 36*** -
Friendship closeness n/a n/a n/a
T2
Pleasure from winning -
Negative friendship quality -12 -
Positive friendship quality 25%* - 42*** -
Friendship closeness 07 - 27 B50***
T3
Pleasure from winning -
Negative friendship quality -0l -
Positive friendship quality 26%* 10 -
Friendship closeness 24* 01 ROK

Table shows Pearson’s r. Significant coefficients are in bold, *p <.05, ** p <.Ol, *** p < OOl

Note. Friendship closeness at Tl is not available (n/a).
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Figure S3. Raw data of the relation between vicarious reward-related NAcc activity and

friendship closeness in adolescents with unstable best friendships. A) the left NAcc, B) right

NAcc.
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CHAPTER 4

Distribution of Behavior and Parameter Estimates

We did not exclude participants based on a minimum number of responses
in a specific condition in the analyses. Table S1 provides an overview of how
many participants had more than O-5 trials in the contrasts discussed in the
results section of chapter 4. To examine the robustness of our findings, we
reran the whole brain contrasts Friend Prosocial > Disliked Peer Prosocial, Friend
Prosocial > Unfamiliar Peer Prosocial, and Disliked Peer Selfish > Friend Selfish
iIN which we excluded participants with only one trial. These results are
described in chapter 4. In Figure S1 we show the distribution of parameter
estimates from the clusters obtained in the Friend Prosocial > Disliked Peer
Prosocial and Disliked Peer Selfish > Friend Selfish t-contrasts for each of the 27
participants. Importantly, Figure S1 shows that there were no outliers that could
have driven our findings where all participants are included.

Table S1. Number of participants with more than O-5 trials

n>0 n>1 n>2 n>3 n>4 n>5

Friend Prosocial > Disliked Peer Prosocial 23 18 17 14 14 11
Friend Prosocial > Unfamiliar Peer Prosocial 23 23 22 20 19 19
Disliked Peer Selfish > Friend Selfish 26 24 23 22 21 20

Brain Regions of Activation during Interactions
with Friends and Disliked Peers

First, we examined the neural underpinnings of decision-making for friends
and disliked peers regardless of behavior. The whole brain one sample t-test
of Friend > Disliked Peer (controlling for the frequency of prosocial behavior)
did not yield significant clusters of brain activation. The Friend > Unfamiliar Peer
contrast resulted in activation in the right inferior parietal lobule (IPL) extending
towards the angular gyrus, and left IPL extending towards the superior pari-
etal lobule. These brain regions are referred to as pTPJ-IPL. The whole brain
t-contrasts of Disliked Peer > Friend, Disliked Peer > Unfamiliar Peer, Friend >
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Figure S1. Distribution of activation clusters from the Friend Prosocial > Disliked Peer Prosocial

and Disliked Peer Selfish > Friend Selfish t-contrasts for each of the 27 participants.
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Neutral Peer, and Disliked Peer > Neutral Peer did not result in significant clus-
ters of activity. The fact that there were no differences in neural activation
for friends and disliked peers in the Friend > Disliked Peer and the reverse
contrast were unexpected. Together with the results showing neural differ-
ences in the Friend Prosocial > Disliked Peer Prosocial and Disliked Peer Selfish
> Friend Selfish contrasts, our findings suggest that at the neural level it is not
the valence of the relationship with the interaction partner per se that affects
the underlying neural processes differently, but rather the specific behavior for
that interaction partner.

Next, we examined the neural correlates of prosocial and selfish deci-
sions during interactions with friends and disliked peers. The whole brain one
sample t-test for prosocial decisions for friends compared to neutral peers
(Friend Prosocial > Neutral Peer Prosocial) controlled for the frequency of
prosocial choices yielded heightened activation in the left inferior frontal gyrus
(n = 24). The Friend Selfish > Neutral Peer Selfish contrast did not result in signifi-
cant neural activation. The Disliked Peer Prosocial > Neutral Peer Prosocial, and
Disliked Peer Selfish > Neutral Peer Selfish also did not yield significant increased
brain activation.

Brain Regions of Activation during Decisions
for Neutral Peers

We examined the neural correlates of decision making for neutral peers
regardless of behavior. The Neutral Peer > Friend and Neutral Peer > Disliked
peer t-contrasts did not yield significant activation clusters.

Next, we examined the neural correlates of prosocial and selfish deci-
sions during interactions with neutral peers. The Neutral Peer Selfish > Friend
Selfish contrast yielded activation in the left amygdala extending towards the
temporal pole (n = 26). The Neutral Peer Prosocial > Friend Prosocial, Neutral
Peer Prosocial > Disliked Peer Prosocial, and Neutral Peer Selfish > Disliked Peer
Selfish contrasts did not yield significant heightened neural activation.



Table S2.  Regions of neural activation
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L/R

Voxels

MNI coordinates

Brain Region z
X Yy z
Friend > Unfamiliar Peer
oTPJ-IPL R 399 426 30-54 36
39 42 -60 51
3.37 42 -54 39
pTPJ-IPL L 196 377 -48 -51 42
3.36 -24 -54 42
297 -36 -39 33
Dorsal anterior cingulate cortex - 269 4.24 -12 30 36
419 18 33 21
4 -21 36 27
Lateral prefontal cortex L 150 414 -33 45 -9
3.67 -18 57 -3
3.47 -24 45 -3
Prosocial choices
Friend > Neutral Peer
Inferior frontal gyrus L 149 448 -54 15 6
302 -54 27 0
Selfish choices
Neutral Peer > Friend
Amygdala - L 205 39 -24 -3 -24
Fusiform gyrus -
Temporal pole 379 -30 0-33
3.54 -36 9 -33

Note. Analyses are conducted using FWE cluster-correction at p <.O5 with a cluster-forming

threshold of p <. OO5.
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Brain Regions of Activation during Decisions
for Unfamiliar Peers

We examined the neural underpinnings of decision-making for unfamiliar
peers regardless of behavior. The Unfamiliar Peer > Dislked Peer contrast
showed activation in the dorsal anterior cingulate cortex and the left lateral
prefrontal cortex. The Unfamiliar Peer > Friend did not yield significant activa-
tion clusters.

Next, we conducted t-tests to examine neural activation for unfamiliar peers
during prosocial and selfish choices. The Unfamiliar Peer Prosocial > Friend
Prosocial, Unfamiliar Peer Prosocial > Disliked Peer Prosocial, Unfamiliar Peer
Selfish > Friend Selfish, Unfamiliar Peer Selfish > Disliked Peer Selfish contrasts
did not yield significant heightened brain activation for unfamiliar peers. Table
S2 provides a summary of all the results.

Brain and Behavior Links for Friends and Disliked Peers
versus Neutral Peers

The percentage of prosocial choices for friends minus neutral peers in the
Friend > Neutral Peer contrast did not result in any significant or positive relations
with brain activity. To investigate the brain and behavior links during interac-
tions with disliked peers, we included the difference scores of the percentage
of prosocial choices for disliked peers minus neutral peers as a regressor in
the Disliked Peer > Neutral Peer t-contrast. This showed a negative correlation
between the frequency of prosocial choices for disliked peers minus neutral
peers and an activation cluster in the left inferior frontal gyrus. Correlation coef-
ficients indicated that this negative relation was driven by individual differences
in prosocial choices for disliked peers rather than for neutral peers (correlation
coefficients of the relation between the parameter estimates of the interior
frontal gyrus and the percentage of prosocial choices for disliked peers and
neutral peers separately were -57 and 08, respectively). This analysis did not
yield a positive correlation between brain and behavior links for disliked peers
versus neutral peers. Table S3 provides a detailed overview of these results.



Table S3.  Regions of neural activation
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MNI coordinates

Brain Region L/R Voxels z
X y z
Disliked Peer > Neutral Peer
Inferior frontal gyrus L 119 433 -54 9 18
313 -54 0 21
292 -51 30 18

Mean prosocial choices for disliked peers-neutral peers as negative regressor.

Note. Analyses are conducted using FWE cluster-correction at p < .O5 with a cluster-forming

threshold of p < OO5.
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CHAPTER 5

In the Supplementary materials we report results in which decisions for friends
and disliked peers are contrasted with neutral peers. We further show results
for contrasts that are collapsed by choice, and that were aimed to examine
decision-making for neutral and unfamiliar peers. Table Sl lists these neuroim-
aging results.

Additionally, Table S2 and Table S3 provide an overview of the number of
participants and the neuroimaging results of the analyses we conducted to test
the robustness of the results for the Friend Prosocial > Disliked Peer Prosocial,
Friend Prosocial > Unfamiliar Peer Prosocial, and Friend Prosocial > Neutral Peer
Prosocial contrasts. We tested whether the neuroimaging results were similar
as the results reported in chapter 5 when only participants were included with
more than 1, 2, 3, and 4 prosocial responses in the conditions from the contrast.
Overdll, these additional analyses yielded similar results.

Friend Prosocial > Neutral Peer Prosocial

SPL/ IPL Precentral/frontall IPL/middle
middle gyrus occipital gyrus
occipital gyrus

Figure S1. Whole brain contrast controlling for the frequency of prosocial behavior for
Friend Prosocial > Neutral Peer Prosocial. Right SPL/middle occipital gyrus (33, -76, 34), right
IPL (42, -45, 51), right precentral/frontal gyrus (47, 3, 32), and left IPL/middle occipital gyrus (-3,
-78, 37). SPL = superior parietal lobule, IPL = inferior parietal lobule.
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Neuroimaging Results for Social Decisions for
Friends and Disliked Peers versus Neutral Peers
(Collapsed over Choice)

Decision-making with friends

First, we examined the Friend Prosocial > Neutral Peer Prosocial (n = 47) contrast
(controlled for the proportion of prosocial choices), which resulted in increased
activation in right precentral-frontal gyrus, and bilateral clusters in inferior pari-
etal lobule (IPL)-middle occipital gyrus (Figure S1).

Next, we investigated neural activation patterns in interactions with friends
and disliked peers irrespective of choice and controlled for the frequency
of prosocial choices (n = 50). The whole brain one-sample t-test of Friend >
Disliked Peer revealed activation in left IPL extending toward the angular gyrus,
and activation in the middle cingulate cortex, and the postcentral gyrus (Figure
S2A). The Friend > Unfamiliar Peer t-test resulted in activation in the left IPL, the
right SPL, the right middle frontal gyrus, left precentral gyrus, and the supe-
rior medial prefrontal gyrus (Figure S2B). The whole brain one sample t-test
for decision-making for friends compared to neutral peers (Friend > Neutral
Peer) yielded heightened activation in the left IPL, right SPL, and bilateral inferior
frontal gyrus (IFG; Figure S2C). Table S1 provides a detailed list with the results.

Decision-making with disliked peers

The Disliked Peer > Friend, Disliked Peer > Unfamiliar Peer, Disliked Peer > Neutral
Peer, Disliked Peer Prosocial > Neutral Peer Prosocial, and Disliked Peer Selfish
> Neutral Peer Selfish did not yield significant increased brain activation at our
chosen threshold.
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Table S1. Anatomical labels of neural activation

Brain Region L/R Voxels z MNI coordinates

Xy z

Friend Prosocial > Neutral Peer Prosocial

Middle occipital gyrus L 436 440 -34 -78 37
Inferior parietal lobule 440 -40-53 51
Middle occipital gyrus 382 -34 -67 29

Middle occipital gyrus R 196 416 33-76 34
Superior parietal lobule 372 25-78 48
Middle occipital gyrus 3.60 33-87 29

Inferior parietal lobule R 116 376 42 -45 5]
Inferior parietal lobule 372 33-48 46
- 356 28 -45 40

Precentral gyrus R 261 4.38 47 3 32
Middle frontal gyrus 405 39 39 26
Inferior frontal gyrus 357 61 22 23

Friend > Disliked Peer

Inferior parietal cortex L 156 4.20 -31-87 37
Inferior parietal cortex 3.61 -45-78 32
Angular gyrus 341 -42 -53 29

Postcentral gyrus R 108 403 28 -42 68
Precentral gyrus 345 28 -28 71

Middle cingulate cortex - 242 4.6 -12 0 40
- 3.89 -23 11 40
SMA 3.88 2-11 60

Middle cingulate cortex - 173 387 -6 -28 43
Middle cingulate cortex 378 -3 -42 43
Paracentral lobule 3.63 -9 -34 5]
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Table S1. Continued

Brain Region L/R Voxels z MNI coordinates

Xy z

Friend > Unfamiliar Peer

Middle frontal gyrus R 124 4.34 47 53 6
Middle frontal gyrus R 149 372 47 36 37
Middle frontal gyrus 3.63 47 48 26
Inferior frontal gyrus 3.59 42 31 26
Superior medial (prefrontal) cortex - 94 371 5 62 20
Superior medial (prefrontal) gyrus 351 -3 48 32
Superior medial (prefrontal) gyrus 3.38 -12 42 34
Precentral gyrus L 528 485 -51 0 37
Middle frontal gyrus 3.67 -28 6 51
Precentral gyrus 356 -34 -6 57
- R 421 462 30-50 43
Superior parietal lobule 4.35 39 -56 54
Superior parietal lobule 409 53 -39 60
Inferior parietal lobule L 500 426 -42 -56 57
Superior parietal lobule 406 -20-70 54
- 401 -54 -50 54
- 3.49 -48 -50 48

Friend > Neutral Peer

Inferior frontal gyrus R 137 433 50 42 -5
Middle orbital gyrus 350 39 50-10
Inferior frontal gyrus L 124 380 -51 45 6
Inferior frontal gyrus 380 -48 39 -2
- R 256 413 30-48 43
Superior parietal lobule 385 33 -70 48
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Table S1. Continued

Brain Region L/R Voxels z MNI coordinates

X'y z

Friend > Neutral Peer (continued)

Middle occipital gyrus 359 33-76 32
Inferior parietal lobule L 233 396 -34 -59 51
Inferior parietal lobule 349 -48 -50 48

Unfamiliar Peer Prosocial > Disliked Peer Prosocial

Middle temporal gyrus L 90 4.74 -62 -8 -10
Superior temporal gyrus 451 -59 -11 1
Postcentral gyrus R 100 419 36 -22 48
Postcentral gyrus 391 44 -25 57
Postcentral gyrus 350 47 -20 48

Neutral Peer Selfish > Friend Selfish

Precuneus - 357 388 11 -67 29
Cuneus 3.68 -12 -73 20
Cuneus 351 -12 -76 32

Precentral gyrus L 111 343 -40 -20 57
Precentral gyrus 340 -31-28 57
Postcentral gyrus 332 -48 -31 54

Neutral Peer Selfish > Disliked Peer Selfish
Calcarine gyrus L 99 457 -12-56 9
Cuneus 333 -9 -67 26

Anatomical labels of neural activity from whole brain contrasts for (prosocial and selfish) choices
for friends, neutral peers, and unfamiliar peers. Unindented regions are the peak cluster, and
indented regions are subclusters. L = left, R = right.

Note. Analyses are conducted at the threshold of p <. OOI1 FWE cluster-extent based corrected.
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A Friend > Disliked Peer

MCC

B Friend > Unfamiliar Peer

Superior mPFC SPL-IPL  Middle frontal gyrus

C Friend > Neutral Peer

SPL IFG IFG IPL

Figure S2. Whole brain contrasts controlling for the frequency of prosocial behavior of

(A) Friend > Disliked Peer, (B) Friend > Unfamiliar Peer, and (C) Friend > Neutral Peer contrasts.
(A) resulted in activation in MCC (-12, O, 40; -6, -28, 43) the IPL-angular gyrus (-31, -87, 37), (B)
resulted in activation in superior mPFC (5, 62, 20), middle frontal gyrus (47, 36, 37: 47, 53, 6), and (C)
resulted in activation in the right SPL (30, -48,43), right IFG (50,42, -5), left IFG (-5], 45, 6), and left
IPL (-34, -59, 51). MCC = middle cingulate cortex, IPL = inferior parietal lobule, SPL = superior parietal

lobule, mPFC = medial prefontal cortex, IFG = inferior frontal gyrus.
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Neuroimaging Results for Decisions for Neutral Peers
and Unfamiliar Peers versus Friends and Disliked Peers

Collapsed over choice

The Neutral Peer > Friend, and the Neutral Peer > Disliked Peer did not yield
significant increased brain activation. The Unfamiliar Peer > Friend and Unfa-
miliar Peer > Disliked Peer did not yield significant heightened brain activation
for unfamiliar peers (all ns = 50).

Prosocial choices

The Neutral Peer Prosocial > Friend Prosocial (n = 47), Neutral Peer Prosocial >
Disliked Peer Prosocial (n = 47), and Unfamiliar Peer Prosocial > Friend Proso-
cial (n = 47) did not vield significant clusters of brain activity. The Unfamiliar Peer
Prosocial > Disliked Peer Prosocial (n = 47) whole brain t-test (controlled for the
frequency of prosocial choices) yielded activation in the right postcentral gyrus
and the middle temporal -superior temporal gyrus (Table S1).

Selfish choices

The Neutral Peer Selfish > Friend Selfish (n = 40) resulted in (pre)cuneus and
precentral gyrus activity. The Neutral Peer Selfish > Disliked Peer selfish (n = 47)
resulted in activity in the cuneus-calcarine gyrus (Table S1). The Unfamiliar Peer
Selfish > Friend Selfish (n = 40) and Unfamiliar Peer Selfish > Disliked Peer Selfish
(n = 47) t-tests did not yield heightened brain activation.

Robustness Neuroimaging Results during
Prosocial Choices for Friends

We tested the robustness of the results from the Friend Prosocial > Disliked Peer
Prosocial, Friend Prosocial > Unfamiliar Peer Prosocial, and Friend Prosocial >
Neutral Peer Prosocial contrasts reported in chapter 5. We reran the analyses 4
more times where we only included participants with more than 1, 2, 3, and 4
prosocial responses, respectively, in the conditions contrasted. As can be seen
iNn Table S2, most participants were lost in the Friend Prosocial > Disliked Peer
Prosocial contrast as compared with the Friend Prosocial > Unfamiliar Peer
Prosocial and Friend Prosocial > Neutral Peer Prosocial contrasts when only
including participants with more than 1, 2, 3, or 4 prosocial responses for friends
or disliked peers. This can be expected, since on average participants made
least prosocial choices for disliked peers.
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Table S2. Number of participants

n participants

Friend Prosocial > Friend Prosocial > Friend Prosocial >
ntrials  Disliked Peer Prosocial Unfamiliar Peer Prosocial Neutral Peer Prosocial
> 43 45 46
> 2 40 44 44
>3 39 43 44
>4 36 41 44

The additional tests confirmed the activation of the putamen in the Friend
Prosocial > Disliked Peer Prosocial contrast when only participants with more
than 1, 2 and 3 prosocial responses for friends and disliked peers were included,;
enhanced putamen activity was not found when only participants were
included with more than 4 prosocial choices in both conditions.

For the Friend Prosocial > Unfamiliar Peer Prosocial contrast heightened activity
in the SPL was obtained in all analyses (i.e, when analyses were rerun including
only participants with more than 1, 2, 3 and 4 trials in both conditions). Precentral
gyrus activity was replicated only when participants were included with more
than 4 responses in both conditions, but not in the other reanalyses. Finally,
for the Friend Prosocial > Neutral Peer Prosocial contrast, the left IPL and right
middle occipital gyrus-SPL activation patterns were replicated in all 4 reanal-
yses, but right precentral-middle frontal gyrus and right IPL activity were not. To
briefly report these results, the analyses including only participants with more
than 3 or 4 prosocial responses in the conditions of interest are reported in
Table S3.
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Table S3.  Testing robustness of prosocial choices for friend versus other
peer contrasts*

Brain Region L/R Voxels z MNI coordinates

> 3 responses

Friend Prosocial > Disliked Peer Prosocial

Middle cingulate cortex L 450 503 -12 0O 40
Postcentral gyrus 450 30 -42 65
Superior parietal lobule 422 16 -53 62

Pallidum R 112 453 28 -8 1
Putamen 372 33 -20 1
Insula 3.42 42 11 -13

Friend Prosocial > Unfamiliar Peer Prosocial

Superior parietal lobule R 121 428 42 -50 57
Superior parietal lobule 344 28 -67 51

> 4 responses

Friend Prosocial > Disliked Peer Prosocial

Postcentral gyrus R 106 419 28 -45 65
Superior parietal lobule 384 16 -53 62

Friend Prosocial > Unfamiliar Peer Prosocial

Precentral gyrus L 124 446 -48 0O 37
- 358 -28 -3 40
Superior parietal lobule R 150 422 39 -50 57
Superior parietal lobule 3.60 28 -67 51
Inferior parietal lobule 351 36 -48 46
Superior parietal lobule L 126 388 -2%5 -70 57
Inferior parietal lobule 350 26 -67 43
Superior occipital gyrus 319 253 -84 46

> 3-4 responses




Table S3.  Continued

Supplementary materials

Brain Region L/R Voxels z MNI coordinates
X y z
Friend Prosocial > Neutral Peer Prosocial
Middle occipital gyrus R 122 406 33 76 32
Middle occipital gyrus 375 33 -87 29
Superior parietal lobule 3.30 28 76 48
Inferior parietal lobule L 115 398 -40 -53 54

Note. Analyses are conducted at the threshold of p <. OOI FWE cluster-extent based corrected.

L =left R =right.

* contrasts including only participants with more than 3 or 4 trials in each condition. Unindented

regions are the peak cluster, and indented regions are subclusters.

173







REFERENCES

becassis, M. (2003). | hate you just the way you are: Exploring the formation, maintenance,
A and need for enemies. New Directions for Child and Adolescent Development, 2003(102),
5-22.
Abecassis, M, Hartup, W. W, Haselager, G. J. T, Scholte, R H. J, & van Lieshout, C. F. M. (2002).
Mutual antipathies and their significance in middle childhood and adolescence. Child
Development, 73(5), 1543-1556.
Abler, B, Walter, H, Erk, S, Kammerer, H, & Spitzer, M. (2006). Prediction error as a linear function
of reward probability is coded in human nucleus accumbens. Neurolmage, 31(2), 790-795.
Aikins, J. W, Bierman, K. L, & Parker, J. G. (2005). Navigating the transition to junior high school:
The influence of pre-transition friendship and self-system characteristics. Social Development,
14(1), 42-60.
Akaike, H. (1974). A new look at the statistical model identification. IEEE Transactions on Automatic
Control, 19(6), 716-723
Albert, D, Chein, J, & Steinberg, L. (2013). The teenage brain: Peer influences on adolescent
decision making. Current Directions in Psychological Science, 22(2), 114-120.
Amodio, D. M, & Frith, C. D. (2006). Meeting of minds: the medial frontal cortex and social
cognition. Nature Reviews Neuroscience, 7(4), 268-277.
Anticevic, A, Repovs, G, Shulman, G. L, & Barch, D. M. (2010). When less is more: TPJ and default
network deactivation during encoding predicts working memory performance. Neurolmage,
49(3), 2638-2648.
Aron, A, Aron, E.N,, & Smollan, D. (1992). Inclusion of other in the self scale and the structure of

interpersonal closeness. Journal of Personality and Social Psychology, 63(4), 596.

adlleine, B. W, Delgado, M. R, & Hikosaka, O. (2007). The role of the dorsal striatum in reward
B and decision-making. The Journal of Neuroscience, 27(31), 8161-8165.

Batson, C.D, Eklund, J. H, Chermok, V. L, Hoyt, J.L, & Ortiz, B. G. (2007). An additional antecedent
of empathic concern: valuing the welfare of the person in need. Journal of Personality and
Social Psychology, 93(1), 65.

Bault, N, Joffily, M, Rustichini, A, & Coricelli, G. (2011). Medial prefrontal cortex and striatum
mediate the influence of social comparison on the decision process. Proceedings of the National
Academy of Sciences, 108(38), 16044-16049.

Bault, N, Pelloux, B, Fahrenfort, J. J, Ridderinkhof, K. R, & van Winden, F. (2015). Neural dynamics of
social tie formation in economic decision-making. Social Cognitive and Affective Neuroscience,
10(6), 877-884.

Bekkhus, M, Brendgen, M, Czajkowski, N. O, Vitaro, F, Dionne, G, & Boivin, M. (2016). Associations




Addendum

between sibling relationship quality and friendship quality in early adolescence: looking at the
case of twins. Twin Research and Human Genetics, 19(2), 125-135.

Berndt, T. J. (1992). Friendship and friends’ influence in adolescence. Current Directions in
Psychological Science, 1(5), 156-159.

Berndt, T. J, & Hoyle, S. G. (1985). Stability and change in childhood and adolescent friendships.
Developmental Psychology, 21(6), 1007.

Bhanji, J. P, & Delgado, M. R. (2014). The social brain and reward: Social information processing in
the human striatum. Wiley Interdisciplinary Reviews. Cognitive Science, 5(1), 61-73.

Blake, P. R, Piovesan, M, Montinari, N, Warneken, F, & Gino, F. (2015). Prosocial norms in the
classroom: The role of self-regulation in following norms of giving. Journal of Economic Behavior
& Organization, 115, 18-29.

Blakemore, S-J. (2008). The social brain in adolescence. Nature Reviews Neuroscience, 9(4),
267-277.

Blakemore, S-J, & Mills, K. L. (2014). Is adolescence a sensitive period for sociocultural processing?
Annual Review of Psychology, 65, 187-207.

Bonini, F, Burle, B, Liegeois-Chauvel, C, Régis, J, Chauvel, P, & Vidal, F. (2014). Action monitoring
and medial frontal cortex: Leading role of supplementary motor area. Science, 343(6173), 888-891.
Braams, B. R, & Crone, E. A (2017). Peers and parents: a comparison between neural activation
when winning for friends and mothers in adolescence. Social Cognitive and Affective
Neuroscience, 12(3), 417-426.

Braams, B. R, Guroglu, B, De Water, E, Meuwese, R, Koolschijn, P. C, Peper, J. S, & Crone, E. A,
(2014q). Reward-related neural responses are dependent on the beneficiary. Social Cognitive
and Affective Neuroscience, 9(7), 1030-1037.

Braams, B. R, Peters, S, Peper, J. S, Guroglu, B, & Crone, E. A (2014b). Gambling for self, friends,
and antagonists: differential contributions of affective and social brain regions on adolescent
reward processing. Neurolmage, 100, 281-289.

Braams, B. R, van Duijvenvoorde, A. C. K, Peper, J. S, & Crone, E. A (2015). Longitudinal changes
iNn adolescent risk-taking: A comprehensive study of neural responses to rewards, pubertal
development, and risk-taking behavior. The Journal of Neuroscience, 35(18), 7226-7238.

Branje, S. J, Frijns, T, Finkenauer, C, Engels, R, & Meeus, W. (2007). You are my best friend:
Commitment and stability in adolescents’ same-sex friendships. Personal Relationships, 14(4),
587-603.

Brett, M, Anton, J-L, Valabregue, R, & Poline, J-B. (2002). Region of interest analysis using the
MarsBar toolbox for SPM 99 Neurolmage, 16(2), S497.

Brovelli, A, Nazarian, B, Meunier, M, & Boussaoud, D. (2011). Differential roles of caudate nucleus
and putamen during instrumental learning. Neuroimage, 57(4), 1580-1590.

Buhrmester, D. (1990). Intimacy of friendship, interpersonal competence, and adjustment during

preadolescence and adolescence. Child Development, 61(4), NO1-1111.



References

Bukowski, W. M., Hoza, B, & Boivin, M. (1993). Popularity, friendship, and emotional adjustment
during early adolescence. New Directions for Child Development, 60, 23-37.

Bukowski, W. M, Hoza, B, & Boivin, M. (1994). Measuring friendship quality during pre-and early
adolescence: The development and psychometric properties of the Friendship Qualities Scale

Journal of Social and Personal Relationships, 11(3), 471-484.

abeza, R, Ciaramelli, E, & Moscovitch, M. (2012). Cognitive contributions of the ventral parietal
Ccortex: an integrative theoretical account. Trends in Cognitive Sciences, 16(6), 338-352.
Camerer, C. (2003) Behavioral game theory: Experiments in strategic interaction. New York, NY:
Russell Sage Foundation.

Card, N. A (2007). "I hated her guts!” Emerging adults’ Recollections of the formation,
maintenance, and termination of antipathetic relationships during high school. Journal of
Adolescent Research, 22(1), 32-57.

Card, N. A (2010). Antipathetic relationships in child and adolescent development: A meta-
analytic review and recommendations for an emerging area of study. Developmental
Psychology, 46(2), 516.

Carter, R. M, & Huettel, S. A (2013). A nexus model of the temporal—-parietal junction. Trends in
cognitive sciences, 17(7), 328-336.

Carter,R.M, Bowling, D.L, Reeck, C, & Huettel, S. A. (2012). A distinct role of the temporal-parietal
junction in predicting socially guided decisions. Science, 337(60%0), 109-111

Cartmell, S.C.D, Chun, M. M, & Vickery, T. J. (2014). Neural antecedents of social decision-making
in a partner choice task. Social Cognitive and Affective Neuroscience, 9(11), 1722-1729.

Carver, C. S, & White, T. L. (1994). Behavioral inhibition, behavioral activation, and affective
responses to impending reward and punishment: the BIS/BAS scales. Journal of Personality and
Social Psychology, 67(2), 319.

Casey, B. J. (2015). Beyond simple models of self-control to circuit-based accounts of adolescent
behavior. Annual Review of Psychology, 66(1), 295-319.

Casey, B. J, Galvan, A, & Somerville, L. H. (2016). Beyond simple models of adolescence to an
integrated circuit-based account: A commentary. Developmental Cognitive Neuroscience,
17(Supplement C), 128-130.

Cillessen, A.H. N, & Bukowski, W. M. (2000). Conceptualizing and measuring peer acceptance
and rejection. New Directions for Child and Adolescent Development, 2000(88), 3-10.
Cliffordson, C. (2002). The hierarchical structure of empathy: Dimensional organization and
relations to social functioning. Scandinavian Journal of Psychology, 43(1), 49-59.

Cooke, D. F, & Graziano, M. S. A (2004). Sensorimotor integration in the precentral gyrus:
Polysensory neurons and defensive movements. Journal of Neurophysiology, 91(4), 1648-1660.
Corbetta, M, Kincade, J. M, & Shulman, G. L. (2002). Neural systems for visual orienting and their
relationships to spatial working memory. Journal of Cognitive Neuroscience, 14(3), 508-523.

177




Addendum

Coutleg, C. G, & Huettel, S. A (2012). The functional neuroanatomy of decision making: Prefrontal
control of thought and action. Brain Research, 1428C, 3-12.

Cremers, H. R, Wager, T. D, & Yarkoni, T. (2017). The relation between statistical power and

inference in fMRI. PLoS ONE, 12(11), e0184923

Crone, E A (2013). Considerations of Fairness in the Adolescent Brain. Child Development

Perspectives, 7(2), 97-103.

Crone, E A, & Dahl, R. E. (2012). Understanding adolescence as a period of social-affective

engagement and goal flexibility. Nature Reviews Neuroscience, 13(9), 636-650.

Crone, E. A, & Elzinga, B. M. (2015). Changing brains: how longitudinal functional magnetic

resonance imaging studies can inform us about cognitive and social-affective growth

trajectories. Wiley Interdisciplinary Reviews: Cognitive Science, 6(1), 53-63.

ahl,R.E. (2004). Adolescent brain development: A period of vulnerabilities and opportunities.
DKeynote adress. Annals of the New York Academy of Sciences, 1021(1), 1-22.

Dahl,R.E, Allen,N.B, Wilbrecht, L, & Suleiman, A. B. (2018). Importance of investing in adolescence
from a developmental science perspective. Nature, 554(7693), 441.

Dale, A. M. (1999). Optimal experimental design for event-related fMRI. Human Brain Mapping,
8(2-3),109-114.

Davey, C. G, Yucel, M, & Allen, N. B. (2008). The emergence of depression in adolescence:
Development of the prefrontal cortex and the representation of reward. Neuroscience &
Biobehavioral Reviews, 32(1), 1-19.

Davis, M. H. (1983). Measuring individual differences in empathy: Evidence for a multidimensional
approach. Journal of Personality and Social Psychology, 44(1), 13-126.

Declerck, C. H, Boone, C, & Emonds, G. (2013). When do people cooperate? The neuroeconomics
of prosocial decision making. Brain and Cognition, 81(1), 95-117.

Degirmenciogdlu, S. M, Urberg, K. A, Tolson, J. M, & Richard, P. (1998). Adolescent friendship
networks: Continuity and change over the school year. Merrill-Palmer Quarterly (1982), 313-337.
Delgado, M. R. (2007). Reward-related responses in the human striatum. Annals of the New York
Academy of Sciences, 1104(1), 70-88.

Delgado, M. R, Frank, R H, & Phelps, E. A (2005). Perceptions of moral character modulate the
neural systems of reward during the trust game. Nature Neuroscience, 8(11), 1611-1618.

Demaree, H. A, DeDonno, M. A, Burns, K. J, & Erik Everhart, D. (2008). You bet: How personality
differences affect risk-taking preferences. Personality and Individual Differences, 44(7), 1484-1494.
De Wied, M, Branje, S. J, & Meeus, W. (2007). Empathy and conflict resolution in friendship
relations among adolescents. Aggressive Behavior, 33(1), 48-55

Dohmen, T, Falk, A, Fliessbach, K, Sunde, U, & Weber, B. (2011). Relative versus absolute income,
joy of winning, and gender: Brain imaging evidence. Journal of Public Economics, 95(3-4),
279-285.



References

Dumontheil, I. (2016). Adolescent brain development. Current Opinion in Behavioral Sciences, 10,
39-44.
Dumontheil, |, Apperly, I. A, & Blakemore, S. J. (2010). Online usage of theory of mind continues

to develop in late adolescence. Developmental Science, 13(2), 331-338.

isenberg, N, Fabes, R. A, Guthrie, |. K, & Reiser, M. (2000). Dispositional emotionality and
Eregulotion: their role in predicting quality of social functioning. Journal of Personality and
Social Psychology, 78(1), 136.
Eisenberg, N, Fabes, R. A, & Spinrad, T. L. (2006). Prosocial behavior (6 ed. Vol. 3). New York, NY:
Wiley.
Eisenberger, N. 1, & Lieberman, M. D. (2004). Why rejection hurts: a common neural alarm system
for physical and social pain. Trends in Cognitive Sciences, 8(7), 294-300.
Ernst, M, & Fudge, J. L. (2009). A developmental neurobiological model of motivated behavior:
Anatomy, connectivity and ontogeny of the triadic nodes. Neuroscience & Biobehavioral
Reviews, 33(3), 367-382.
Euston, David R, Gruber, Aaron J, & McNaughton, Bruce L. (2012). The role of medial prefrontall
cortex in memory and decision making. Neuron, 76(6), 1057-1070.

ahrenfort, J. J, Pelloux, B, Stallen, M., & Ridderinkhof, R. (2012). Neural correlates of dynamically
Fevolvmg interpersonal ties predict prosocial behavior. Frontiers in Neuroscience, 6(28), 1-14.
Fareri, D. S, Chang, L. J, & Delgado, M. R. (2012). Effects of direct social experience on trust
decisions and neural reward circuitry. Frontiers in Neuroscience, 6, 148.
Fareri, D. S, Chang, L. J, & Delgado, M. R. (2015). Computational substrates of social value in
interpersonal collaboration. The Journal of Neuroscience, 35(21), 8170-8180.
Fareri, D. S, & Delgado, M. R. (2014). Differential reward responses during competition against in-
and out-of-network others. Social Cognitive and Affective Neuroscience, 9(4), 412-420.
Fareri, D. S, Niznikiewicz, M. A, Lee, V. K, & Delgado, M. R. (2012). Social network modulation of
reward-related signals. The Journal of Neuroscience, 32(26), 9045-9052
Fehr, E, Bernhard, H, & Rockenbach, B. (2008). Egalitarianism in young children. Nature,
454(7208), 1079-1083.
Fehr, £, & Camerer, C.F. (2007). Social neuroeconomics: the neural circuitry of social preferences.
Trends in Cognitive Sciences, 11(10), 419-427.
Fehr, E, Fischbacher, U, & Gachter, S. (2002). Strong reciprocity, human cooperation, and the
enforcement of social norms. Human Nature, 13(1), 1-25.
Feng, C, Luo, Y-J, & Krueger, F (2015). Neural signatures of fairness-related normative decision
making in the ultimatum game: A coordinate-based meta-analysis. Human Brain Mapping,
36(2), 591-602.
Forbes, E. E, Ryan, N. D, Phillips, M. L, Manuck, S. B, Worthman, C. M, Moyles, D. L, ... Dahl, R.

179




Addendum

E (2010). Healthy adolescents’ neural response to reward: associations with puberty, positive
affect, and depressive symptoms. Journal of the American Academy of Child & Adolescent
Psychiatry, 49(2), 162-172.

French, D. C, Jansen, E. A, & Pidada, S. (2002). United States and Indonesian children’s and
adolescents’ reports of relational aggression by disliked peers. Child Development, 73(4), 1143-
150.

Frith, C. D, & Frith, U. (2012). Mechanisms of social cognition. Annual Review of Psychology, 63,
287-313.

alvan, A (2010). Adolescent development of the reward system. Frontiers in Human
GNeurosc:ence, 4, 6.

Galvan, A, Hare, T. A, Parra, C. E, Penn, J, Voss, H, Glover, G, & Casey, B. J. (2006). Earlier
development of the accumbens relative to orbitofrontal cortex might underlie risk-taking
behavior in adolescents. The Journal of Neuroscience, 26(25), 6885.

Galvan, A, Hare, T, Voss, H, Glover, G, & Casey, B. (2007). Risk-taking and the adolescent brain:
who is at risk? Developmental Science, 10(2).

Galvadn, A, & McGlennen, K. M. (2013). Enhanced striatal sensitivity to aversive reinforcement in
adolescents versus adults. Journal of Cognitive Neuroscience, 25(2), 284-296.

Geng, J. J, & Vossel, S. (2013). Re-evaluating the role of TPJ in attentional control: Contextual
updating? Neuroscience & Biobehavioral Reviews, 37(10, Part 2), 2608-2620.

Groh, A. M, Fearon, R. P, Bakermans-Kranenburg, M. J, van ljzendoorn, M. H, Steele, R. D, &
Roisman, G. |. (2014). The significance of attachment security for children’s social competence
with peers: a meta-analytic study. Attachment & Human Development, 16(2), 103-136.

Gunther Moor, B, van Leijenhorst, L, Rombouts, S. A. R. B, Crone, E. A, & van der Molen, M. W.
(2010). Do you like me? Neural correlates of social evaluation and developmental trajectories.
Social Neuroscience, 5(5-6), 461-482.

Guroglu, B, Haselager, G. J. T, van Lieshout, C. F. M, Takashima, A, Rijpkema, M, & Ferndndez, G.
(2008). Why are friends special? Implementing a social interaction simulation task to probe the
neural correlates of friendship. Neurolmage, 39(2), 203-910.

Guroglu, B, van den Bos, W, & Crone, E. A (2009a). Fairness considerations: Increasing
understanding of intentionality during adolescence. Journal of Experimental Child Psychology,
104(4), 398-409.

Guroglu, B, van den Bos, W, & Crone, E. A (2009b). Neural correlates of social decision making
and relationships. Annals of the New York Academy of Sciences, 1167(1), 197-206.

Guroglu, B, van den Bos, W, & Crone, E. A (2014). Sharing and giving across adolescence: An
experimental study examining the development of prosocial behavior. Frontiers in Psychology,
5,291

Guroglu, B, van den Bos, W, Rombouts, S. A.R. B, & Crone, E. A. (2010). Unfair? It depends: Neural



References

correlates of fairness in social context. Social Cognitive and Affective Neuroscience, 5(4), 414-423
Guroglu, B, van den Bos, W, van Dijk, E, Rombouts, S. A. R. B, & Crone, E. A. (2011). Dissociable
brain networks involved in development of fairness considerations: Understanding intentionality
pbehind unfairness. Neurolmage, 57(2), 634-641.

Guroglux B, Will*, G-J, & Crone, E. A (2014). Neural correlates of advantageous and
disadvantageous inequity in sharing decisions. PLoS ONE, 9(9), el07996. *Shared first author

alko, M-L, Hlushchuk, Y, Hari, R, & Schurmann, M. (2009). Competing with peers:
H Mentalizing-related brain activity reflects what is at stake. Neurolmage, 46(2), 542-548.
Hampton, A. N, Bossaerts, P, & O'Doherty, J. P (2008). Neural correlates of mentalizing-related
computations during strategic interactions in humans. Proceedings of the National Academy of
Sciences, 105(18), 6741-6746.
Hare, T. A, Camerer, C. F, Knoepfle, D. T, O'Doherty, J. P, & Rangel, A. (2010). Value computations
in ventral medial prefrontal cortex during charitable decision making incorporate input from
regions involved in social cognition. Journal of Neuroscience, 30(2), 583-590.
Hartl, A C, Laursen, B, & Cillessen, A. H. N. (2015). A survival analysis of adolescent friendships:
The downside of dissimilarity. Psychological Science, 26(8), 1304-1315.
Hartup, W. W. (1996). The company they keep: Friendships and their developmental significance.
Child Development, 67(1), 1-13
Hartup, W. W. (2003). Toward understanding mutual antipathies in childnhood and adolescence.
New Directions for Child and Adolescent Development, 2003(102), 1-123.
Haruno, M, & Kawato, M. (2006). Different neural correlates of reward expectation and
reward expectation error in the putamen and caudate nucleus during stimulus-action-reward
association learning. Journal of Neurophysiology, 95(2), 948-959.
Haruno, M, Kimura, M., & Frith, C. D. (2014). Activity in the nucleus accumbens and amygdala
underlies individual differences in prosocial and individualistic economic choices. Journal of
Cognitive Neuroscience, 24(8), 1861-1870.
Hauser, T. U, lannaccone, R, Walitza, S, Brandeis, D, & Brem, S. (2015). Cognitive flexibility in
adolescence: Neural and behavioral mechanisms of reward prediction error processing in
adaptive decision making during development. Neurolmage, 104, 347-354.
Hawes, S. W, Chahal, R, Hallquist, M. N, Paulsen, D. J, Geier, C. F, & Lunag, B. (2017). Modulation of
reward-related neural activation on sensation seeking across development. Neurolmage, 147,
763-771.
Helsen, M, Vollebergh, W, & Meeus, W. (2000). Social support from parents and friends and
emotional problems in adolescence. Journal of Youth and Adolescence, 29(3), 319-335.

Izumo, K, Saito, D. N, & Sadato, N. (2008). Processing of social and monetary rewards in the
human striatum. Neuron, 58(2), 284-294.




Addendum

Izuma, K, Saito, D. N, & Sadato, N. (2010). Processing of the incentive for social approval in the

ventral striatum during charitable donation. Journal of Cognitive Neuroscience, 22(4), 621-631.

Jones, R. M, Somerville, L. H, Li, J, Ruberry, E. J, Powers, A, Mehta, N, ... Casey, B. J. (2014).
Adolescent-specific patterns of behavior and neural activity during social reinforcement

learning. Cognitive, Affective, & Behavioral Neuroscience, 14(2), 683-697.

ilford, E. J, Garrett, E, & Blakemore, S-J. (2016). The development of social cognition in
Kodo\escence: An integrated perspective. Neuroscience & Biobehavioral Reviews.
Kringelbach, M. L, & Berridge, K. C. (2016). Neuroscience of reward, motivation, and drive. Recent
Developments in Neuroscience Research on Human Motivation, 23-35.

Kuss, K, Falk, A, Trautner, P, Elger, C. E, Weber, B, & Fliessbach, K. (2013). A reward prediction
error for charitable donations reveals outcome orientation of donators. Social Cognitive and

Affective Neuroscience, 8(2), 216-223.

aFontanag, K. M, & Cillessen, A. H. (2002). Children’s perceptions of popular and unpopular
Lpeers: a multimethod assessment. Developmental Psychology, 38(5), 635.

Lamm, C, Benson, B. E, Guyer, A. E, Perez-Edgar, K, Fox, N. A, Pine, D. S, & Ernst, M. (2014).
Longitudinal study of striatal activation to reward and loss anticipation from mid-adolescence
into late adolescence/early adulthood. Brain and Cognition, 89, 51-60.

Laursen, B. (2017). Making and keeping friends: The importance of being similar. Child
Development Perspectives, 11(4), 282-289.

Lee, S M, Gao, T, & McCarthy, G. (2014). Attributing intentions to random motion engages the
posterior superior temporal sulcus. Social Cognitive and Affective Neuroscience, 9(1), 81-87.

Lee V. K, & Harris, L. T. (2013). How social cognition can inform social decision making. Frontiers
in Neuroscience, 7, 259.

Lieberman, M. D, & Cunningham, W. A (2009). Type I and Type Il error concerns in fMRI research:
re-balancing the scale. Social Cognitive and Affective Neuroscience, 4(4), 423-428.

Liu, X, Hairston, J, Schrier, M, & Fan, J. (2011). Common and distinct networks underlying
reward valence and processing stages: A meta-analysis of functional neuroimaging studies.
Neuroscience and Biobehavioral Reviews, 35(5), 1219-1236.

Luo, J. (2018). The neural basis of and a common neural circuitry in different types of pro-social
behavior. Frontiers in Psychology, 9. 859.

ahon, N. E, & Yarcheski, A. (2017). Parent and friend social support and adolescent hope.
M Clinical Nursing Research, 26(2), 224-240.

Marengo, D, Rabaglietti, E, & Tani, F. (2017). Internalizing symptoms and friendship stability
Longitudinal actor-partner effects in early adolescent best friend dyads. The Journal of Early



References

Adolescence, 38(7), 1-19.

Markiewicz, D, Doyle, A. B, & Brendgen, M. (2001). The quality of adolescents’ friendships:
Associations with mothers’ interpersonal relationships, attachments to parents and friends, and
prosocial behaviors. Journal of Adolescence, 24(4), 429-445.

Mars, R. B, Sallet, J, Schuffelgen, U, Joabdi, S, Toni, I, & Rushworth, M. F. (2012). Connectivity-
based subdivisions of the human right “temporoparietal junction area” evidence for different
areas participating in different cortical networks. Cerebral Cortex, 22(8), 1894-1903.

Masten, C. L, Eisenberger, N. |, Pfeifer, J. H, Colich, N. L, & Dapretto, M. (2013). Associations among
pubertal development, empathic ability, and neural responses while witnessing peer rejection
in adolescence. Child Development, 84(4), 1338-1354.

Masten, C. L, Eisenberger, N. |, Pfeifer, J. H, & Dapretto, M. (2010). Witnessing peer rejection
during early adolescence: Neural correlates of empathy for experiences of social exclusion.
Social Neuroscience, 5(5-6), 496-507.

Masten, C. L, Morelli, S. A, & Eisenberger, N. | (2011). An fMRI investigation of empathy for ‘social
pain‘and subsequent prosocial behavior. Neurolmage, 55(1), 381-388.

Masten, C. L, Telzer, E. H, Fuligni, A. J, Lieberman, M. D, & Eisenberger, N. I. (2012). Time spent with
friends in adolescence relates to less neural sensitivity to later peer rejection. Social Cognitive
and Affective Neuroscience, 7(1), 106-114.

McCormick, E. M, & Telzer, E. H. (2017). Adaptive adolescent flexibility: Neurodevelopment of
decision-making and learning in a risky context. Journal of Cognitive Neuroscience, 29(3), 413-423.
McNelles, L. R, & Connolly, J. A (1999). Intimacy between adolescent friends: Age and gender
differences in intimate affect and intimate. Journal of Research on Adolescence, 9(2), 143
Meeus, W, Oosterwegel, A, & Vollebergh, W. (2002). Parental and peer attachment and identity
development in adolescence. Journal of Adolescence, 25(1), 93-106.

Meuwese, R, Cillessen, A H, & Guroglu, B. (2017). Friends in high places: A dyadic perspective on
peer status as predictor of friendship quality and the mediating role of empathy and prosocial
behavior. Social Development, 26(3), 503-519.

Meuwese, R, Crone, E. A, de Rooij, M, & Guroglu, B. (2014). Development of equity preferences
in boys and girls across Aaolescence. Child Development, 86(1),145-158

Mobbs, D, Yu, R, Meyer, M., Passamonti, L, Seymour, B, Calder, A.J, .. Dalgleish, T. (2009). A key
role for similarity in vicarious reward. Science, 324(5929), 200-900.

Moll, J, Krueger, F, Zahn, R, Pardini, M, de Oliveira-Souza, R, & Grafman, J. (2006). Human
fronto—mesolimbic networks guide decisions about charitable donation. Proceedings of the
National Academy of Sciences of the United States of America, 103(42), 15623-15628.
Montague, P. R, & Lohrenz, T. (2007). To detect and correct: Norm violations and their
enforcement. Neuron, 56(1), 14-18.

Murray-Close, D, & Crick, N. R. (2006). Mutual antipathy involvement: Gender and associations

with aggression and victimization. School Psychology Review, 35(3), 472.

183




Addendum

elson, E E, Jarcho, J. M, & Guyer, A. E. (2016). Social re-orientation and brain development:
NAn expanded and updated view. Developmental Cognitive Neuroscience, 17, 118-127.
Nelson, E. E, Leibenluft, E, McClure, E. B, & Pine, D. S. (2005). The social re-orientation of
adolescence: a neuroscience perspective on the process and its relation to psychopathology.
Psychological Medicine, 35(2), 163-174.

Newcomb, A. F, & Bagwell, C. L. (1995). Children’s friendship relations: A meta-analytic review.
Psychological Bulletin, 117(2), 306.

Niermann, H.C. M, Ly, V, Smeekens, S, Figner, B, Riksen-Walraven, J. M., & Roelofs, K. (2015). Infant
attachment predicts bodily freezing in adolescence: evidence from a prospective longitudingl

study. Frontiers in Behavioral Neuroscience, 9, 263.

p de Macks, Z. A, Moor, B. G, Overgaauw, S, Guroglu, B, Dahl, R E, & Crone, E. A. (2011).
OTestosterone levels correspond with increased ventral striatum activation in response to
monetary rewards in adolescents. Developmental Cognitive Neuroscience, 1(4), 506-516.
Ordagz, S. J, Foran, W, Velanova, K, & Luna, B. (2013). Longitudinal growth curves of brain function
underlying inhibitory control through adolescence. Journal of Neuroscience, 33(46), 18109-18124.
Overgaauw, S, Gurodlu, B, & Crone, E. (2012). Fairness considerations when | know more than

you do: Developmental comparisons. Frontiers in Psychology, 3(424).

allini, S, Baiocco, R, Schneider, B. H, Madigan, S, & Atkinson, L. (2014). Early child—parent
Pottochment and peer relations: A meta-analysis of recent research. Journal of Family
Psychology, 28(1), 118.
Parker, P. D, Ciarrochi, J, Heaven, P, Marshall, S, Sahdrag, B, & Kiuru, N. (2015). Hope, friends,
and subjective well-being: A social network approach to peer group contextual effects. Child
Development, 86(2), 642-650.
Paulus, F. M, Muller-Pinzler, L, Jansen, A, Gazzola, V., & Krach, S. (2014). Mentalizing and the role
of the posterior superior temporal sulcus in sharing others” embarrassment. Cerebral Cortex,
25(8), 2065-2075.
Peelen, M. V, Atkinson, A. P, & Vuilleumier, P. (2010). Supramodal representations of perceived
emotions in the human brain. The Journal of Neuroscience, 30(30), 10127-10134.
Pelphrey, K. A, Morris, J. P, Michelich, C. R, Allison, T, & McCarthy, G. (2005). Functional anatomy
of biological motion perception in posterior temporal cortex: An fMRI study of eye, mouth and
hand movements. Cerebral Cortex, 15(12), 1866-1876.
Pelphrey, K. A, Violg, R. J, & McCarthy, G. (2004). When strangers pass processing of mutual
and averted social gaze in the superior temporal sulcus. Psychological Science, 15(9), 598-603.
Perneger, T. V. (1998). What's wrong with Bonferroni adjustments. BMJ, 316(7139), 1236-1238.
Pinheiro, J, Bates, D, DebRoy, S, Sarkar, D, & R Core Team (2013). nime: Linear and Nonlinear



References

Mixed Effects Models. R package version 31-113. Retrieved from https://cran.r-projectorg/
package=nime

Poulin, F, & Chan, A. (2010). Friendship stability and change in childhood and adolescence.
Developmental Review, 30(3), 257-272.

Quolter, P, Brown, S. L, Munn, P, & Rotenberg, K. J. (2010). Childhood loneliness as a predictor
of adolescent depressive symptoms. an 8-year longitudinal study. European Child &
Adolescent Psychiatry, 19(6), 493-501.

Core Team (2014). R: a language and environment for statistical computing. Vienna, Austria:
RFoundotion for Statistical Computing.

Rieffe, C, & Camodeca, M. (2016). Empathy in adolescence: Relations with emotion awareness
and social roles. British Journal of Developmental Psychology, 34(3), 340-353

Rilling, J. K, & Sanfey, A. G. (201). The neuroscience of social decision-making. Annual Review
of Psychology, 62, 23-48.

Rodkin, P. C, Ryan, A. M, Jamison, R, & Wilson, T. (2013). Social goals, social behavior, and sociall
status in middle childhood. Developmental Psychology, 49(6), 1139.

Rosenbaum, G. M, Venkatraman, V, Steinberg, L, & Chein, J. M. (2017). The influences of
described and experienced information on adolescent risky decision making. Developmental
Review, 47, 23-43.

Roseth, C. J, Johnson, D. W, & Johnson, R. T. (2008). Promoting early adolescents’ achievement
and peer relationships: The effects of cooperative, competitive, and individualistic godal

structures. Psychological Bulletin, 134(2), 223.

alimpoor, V.N, Benovoy, M, Larcher, K, Dagher, A, & Zatorre, R. J. (2011). Anatomically distinct
Sdopomme release during anticipation and experience of peak emotion to music. Nature
Neuroscience, 14(2), 257-262.
Sanfey, A. G, Rilling, J. K, Aronson, J. A, Nystrom, L. E, & Cohen, J. D. (2003). The neural basis of
economic decision-making in the Ultimatum Game. Science, 300(5626), 1755-1758.
Sankoh, A. J, Hugue, M. F, & Dubey, S. D. (1997). Some comments on frequently used multiple
endpoint adjustment methods in clinical trials. Statistics in Medicine, 16(22), 2529-2542.
Saxe, R. (200¢). Uniquely human social cognition. Current Opinion in Neurobiology, 16(2), 235-239.
Scholte, R H. J, van Lieshout, C. F M, & van Aken, M. A. G. (200)]). Perceived relational support in
adolescence: Dimensions, configurations, and adolescent adjustment. Journal of Research on
Adolescence, 11(1), 71-94.
Schreuders, E, Braams, B. R, Blankenstein, N. £, Peper, J. S, Gurodlu, B, & Crone, E. A, (2018a).
Contributions of reward sensitivity to ventral striatum activity across adolescence and early
adulthood. Child Development, 89(3), 797-810.

185



https://cran.r-project.org/package=nlme
https://cran.r-project.org/package=nlme

Addendum

Schreuders, £, Klapwijk, E. T, Will, G-J, & GUrodlu, B. (2018b). Friend versus foe: Neural correlates of
prosocial decisions for liked and disliked peers. Cognitive, Affective, & Behavioral Neuroscience,
18(1), 127-142.

Schultz, W, Tremblay, L, & Hollerman, J. R. (2003). Changes in behavior-related neuronal activity
in the striatum during learning. Trends in Neurosciences, 26(6), 321-328.

Schwarz, G. (1978). Estimating the dimension of a model. The Annals of Statistics, 6(2), 461-464.
Sescousse, G, Caldu, X, Segura, B, & Dreher, J-C. (2013). Processing of primary and secondary
rewards: a quantitative meta-analysis and review of human functional neuroimaging studies.
Neuroscience & Biobehavioral Reviews, 37(4), 681-696.

Silverman, M. H, Jedd, K., & Luciana, M. (2015). Neural networks involved in adolescent reward
processing: An activation likelihood estimation meta-analysis of functional neuroimaging
studies. Neurolmage, 122, 427-439.

Simon, J. J, Walther, S, Fiebach, C. J, Friederich, H-C, Stippich, C, Weisbrod, M, & Kaiser, S. (2010).
Neural reward processing is modulated by approach-and avoidance-related personality traits.
Neurolmage, 49(2), 1868-1874.

Smeekens, S, Riksen-Walraven, J. M, & van Bakel, H. J. A (2007). Multiple determinants
of externalizing behavior in 5-year-olds: A longitudinal model. Journal of Abnormal Child
Psychology, 35(3), 347-361.

Somerville, L H. (2013). The teenage brain: Sensitivity to social evaluation. Current Directions in
Psychological Science, 22(2), 121-127.

Somerville, L. H, Sasse, S. F, Garrad, M. C, Drysdale, A. T, Abi Akar, N, Insel, C, & Wilson, R. C.
(2017). Charting the expansion of strategic exploratory behavior during adolescence. Journal of
Experimental Psychology: General, 146(2), 155-164.

Spithoven, A. W. M, Lodder, G.M. A, Goossens, L, Bijttebier, P, Bastin, M., Verhagen, M, & Scholte,
R. H. J (2017). Adolescents’ loneliness and depression associated with friendship experiences
and well-being: A person-centered approach. Journal of Youth and Adolescence, 46(2), 429-441.
Spitzer, M, Fischbacher, U, Herrnberger, B, Gron, G, & Fehr, E. (2007). The neural signature of
social norm compliance. Neuron, 56(1), 185-196.

Steinbeis, N, Bernhardt, Boris C, & Singer, T. (2012). Impulse control and underlying functions of
the left DLPFC mediate age-related and age-independent individual differences in strategic
social behavior. Neuron, 73(5), 1040-1051.

Steinbeis, N, & Crone, E. A. (2016). The link between cognitive control and decision-making
across child and adolescent development. Current Opinion in Behavioral Sciences, 10, 28-32.
Steinberg, L. (2005). Cognitive and affective development in adolescence. Trends in Cognitive
Sciences, 9(2), 69-74.

Strombach, T, Weber, B, Hangebrauk, Z, Kenning, P, Karipidis, I. I, Tobler, P. N, & Kalenscher,
T (2015). Social discounting involves modulation of neural value signals by temporoparietal

junction. Proceedings of the National Academy of Sciences, 112(5), 1619-1624.



References

abachnick, B. G, & Fidell, L. S. (2007). Using multivariate statistics (5th ed). Boston, MA: Allyn &
TBacon/Peorson Education.

Takahashi, H, Kato, M, Matsuura, M, Moblbs, D, Suhara, T, & Okubo, Y. (2009). When your gain
is my pain and your pain is my gain: Neural correlates of envy and schadenfreude. Science,
323(5916), 937-939.

Telzer, E H. (2016). Dopaminergic reward sensitivity can promote adolescent health: A new
perspective on the mechanism of ventral striatum activation. Developmental Cognitive
Neuroscience, 17, 57-67.

Telzer, E. H, Fuligni, A J, Lieberman, M. D, & Galvan, A. (2013). Ventral striatum activation to
prosocial rewards predicts longitudinal declines in adolescent risk taking. Developmental
Cognitive Neuroscience, 3, 45-52.

Telzer, E H, Masten, C. L, Berkman, E. T, Lieberman, M. D, & Fuligni, A. J. (2010). Gaining while
giving: An fMRI study of the rewards of family assistance among White and Latino youth. Social
Neuroscience, 5(5-6), 508-518.

Telzer, E H, Masten, C. L, Berkman, E. T, Lieberman, M. D, & Fuligni, A. J. (2011). Neural regions
associated with self control and mentalizing are recruited during prosocial behaviors toward
the family. Neurolmage, 58(1), 242-249.

Twenge, J.M, Baumeister, R. F, DeWall, C.N,, Ciarocco, N. J, & Bartels, J. M. (2007). Social exclusion
decreases prosocial behavior. Journal of Personality and Social Psychology, 92(1), 56.
Tyborowska, A, Volman, |, Smeekens, S, Toni, |, & Roelofs, K. (2016). Testosterone during puberty
shifts emotional control from pulvinar to anterior prefrontal cortex. The Journal of Neuroscience,
36(23), 6156-6164.

Uroéevié, S, Collins, P, Muetzel, R, Lim, K, & Luciana, M. (2012). Longitudinal changes in
behavioral approach system sensitivity and brain structures involved in reward processing

during adolescence. Developmental Psychology, 48(5), 1488-1500.

an den Bos, W, van Dik, E, & Crone, E. A (2012). Learning whom to trust in repeated social
therocnons: a developmental perspective. Group Processes & Intergroup Relations, 15(2),
243-256.
van den Bos, W, van Dijk, E, Westenberg, M, Rombouts, S. A.R. B, & Crone, E. A (2011). Changing
brains, changing perspectives the neurocognitive development of reciprocity. Psychological
Science, 22(1), 60-70.
van den Bos, W, van Dikk, E, Westenberg, M, Rombouts, S. A.R. B, & Crone, E. A (2009). What
motivates repayment? Neural correlates of reciprocity in the Trust Game. Social Cognitive and
Affective Neuroscience, 4(3), 294-304.
van den Bos, W, Westenberg, M, van Dik, E, & Crone, E. A (2010). Development of trust and
reciprocity in adolescence. Cognitive Development, 25(1), 20-102.

187




Addendum

van Duijvenvoorde, A. C. K, Op de Macks, Z. A, Overgaauw, S, Moor, B. G, Dahl, R E, & Crone, E.
A. (2014). A cross-sectional and longitudinal analysis of reward-related brain activation: effects
of age, pubertal stage, and reward sensitivity. Brain and Cognition, 89, 3-14.

van Duijvenvoorde, A. C. K, Peters, S, Braams, B. R, & Crone, E. A (2016). What motivates
adolescents? Neural responses to rewards and their influence on adolescents’ risk taking,
learning, and cognitive control. Neuroscience & Biobehavioral Reviews, 70, 135-147.

van Hoorn, J, van Dijk, E, Gurodlu, B, & Crone, E. A. (2016). Neural correlates of prosocial peer
influence on public goods game donations during adolescence. Social Cognitive and Affective
Neuroscience, 11(6), 923-933.

van Hoorn, J, van Dijk, E, Meuwese, R, Rieffe, C, & Crone, E. A. (2014). Peer influence on prosocial
behavior in adolescence. Journal of Research on Adolescence.

van Leijenhorst, L, Gunther Moor, B, Op de Macks, Z. A, Rombouts, S. A. R. B, Westenberg, P.
M, & Crone, E. A (2010a). Adolescent risky decision-making: neurocognitive development of
reward and control regions. Neurolmage, 51(1), 345-355.

van Leijenhorst, L, Zanolie, K, van Meel, C. S, Westenberg, P. M, Rombouts, S. A.R. B, & Crone, E.
A (2010b). What Motivates the Adolescent? Brain Regions Mediating Reward Sensitivity across
Adolescence. Cerebral Cortex, 20(1), 61-69.

Varnum, M. E, Shi, Z, Chen, A, Qiu, J, & Han, S. (2014). When “Your” reward is the same as "My”
reward: Self-construal priming shifts neural responses to own vs. friends’ rewards. Neurolmage,
87,164-169.

Vossel, S, Geng, J. J, & Fink, G. R (2014). Dorsal and ventral attention systems. The Neuroscientist,
20(2), 150-159.

ahlstrom, D, White, T, & Luciana, M. (2010). Neurobehavioral evidence for changes
Win dopamine system activity during adolescence. Neuroscience and Biobehavioral
Reviews, 34(5), 631-648.
Wake, S. J, & Izuma, K. (2017). A common neural code for social and monetary rewards in the
human striatum. Social Cognitive and Affective Neuroscience, 12(10), 1558-1564
Waytz, A, Zaki, J, & Mitchell, J. P. (2012). Response of dorsomedial prefrontal cortex predicts
altruistic behavior. The Journal of Neuroscience, 32(22), 7646-7650.
Wentzel, K. R. (1998). Social relationships and motivation in middle school: The role of parents,
teachers, and peers. Journal of Educational Psychology, 90(2), 202.
Will, G-J, & Gurodlu, B. (2016). A neurocognitive perspective on the development of social
decision-making Neuroeconomics, 293-309
Woo, C-W, Krishnan, A, & Wager, T. D. (2014). Cluster-extent based thresholding in fMRI analyses:

Pitfalls and recommendations. Neurolmage, 91, 412-419.



References

arkoni, T, Poldrack, R. A, Nichols, T. E, van Essen, D. C, & Wager, T. D. (2011). Large-scale
Youtomoted synthesis of human functional neuroimaging data. Nature Methods, 8(8),
665-670.
Young, L, Dodell-Feder, D, & Saxe, R. (2010). What gets the attention of the temporo-parietal
junction? An fMRI investigation of attention and theory of mind. Neuropsychologia, 48(9), 2658-
2664.
Yousry, T. A, Schmid, U. D, Alkadhi, H, Schmidt, D, Peraud, A, Buettner, A, & Winkler, P. (1997).
Localization of the motor hand area to a knob on the precentral gyrus. A new landmark. Brain,
120(1), 141-157.

Zoki, J., & Mitchell, J. P. (201). Equitable decision making is associated with neural markers of
intrinsic value. Proceedings of the National Academy of Sciences, 108(49), 19761-19766.
Zaki, J, Weber, J, & Ochsner, K. (2012). Task-dependent neural bases of perceiving emotionally

expressive targets. Frontiers in Human Neuroscience, 6, 228.







LIST OF PUBLICATIONS

Schreuders, E., Braams, B. R, Crone, E. A, and Gurogdlu, B. Friendship stability in
adolescence is associated with ventral striatum responses to vicarious rewards.
Manuscript in preparation.

Schreuders, E., Smeekens, S, Cillessen, A. H. N, & Guroglu, B. Friends and foes:
Neural correlates of prosocial decisions with peers in adolescence. Manuscript
under revision.

Bos, M. G, Wierengaq, L. M, Blankenstein, N. E, Schreuders, E. Tamnes, C. K. &
Crone, E. A. (2018). Longitudinal structural brain development and externalizing
behavior in adolescence. Journal of Child Psychology and Psychiatry, 59, 1061-
1072.

Schreuders, E., Klapwik, E. T, Will, G-J, & Gurodluy, B. (2018). Friend versus foe:
Neural correlates of prosocial decisions for liked and disliked peers. Cognitive,
Affective & Behavioral Neuroscience, 18(1), 127-142.

Schreuders, E. Braams, B. R, Blankenstein, N.E, Peper, J. S, Guroglu, B, & Crone,
E. A (2018). Contributions of reward sensitivity to ventral striatum activity across
adolescence and early adulthood. Child Development, 89(3), 797-810.

Wierenga, L. M, Bos, M. G, N, Schreuders, E. van de Kamp, F, Peper, J. S,
Tamnes, C. K, & Crone, E. A (2018). Unraveling age, puberty and testosterone
effects on subcortical brain development across adolescence. Psychoneuro-
endocrinology, 91, 105-114

Blankenstein, N. E, Schreuders, E., Peper, J. S, Crone, E. A, & Van Duijven-
voorde, A. C. K. (2018). Individual differences in risk-taking tendencies modu-
late the neural processing of risky and ambiguous decision-making in adoles-
cence. Neurolmage, 172, 663-673.







CURRICULUM VITAE

Elisabeth (Lisa) Schreuders was born on 4 November 1990 in 's-Gravenhage,
The Netherlands. After graduating from high school (Dalton Den Haag) in
2009, Lisa obtained her Bachelor of Science in Psychology in 2012 and her
(Research) Master of Science in Cognitive Neuroscience in 2014 at Leiden
University. Lisa started her PhD project in the Brain and Development Research
Center at Leiden University in January 2015 under joint supervision of Prof. Dr.
Berna Guroglu and Prof. Dr. Eveline Crone. During her PhD, Lisa studied links
between peer relationships and adolescent brain development. After comple-
tion of her PhD research, Lisa started working as a postdoctoral researcher in
the Department of Developmental Psychology at Tilburg University. As a post-
doctoral researcher she continues studying how peer relationships contribute
to adolescent development from a neuroscience perspective.

193















