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Abstract

Adolescents become increasingly sensitive to sesialuation. Some previous studies have
related this change to pubertal development. Thegmt longitudinal study examined the role
of socio-cognitive development. We investigated tiveeor not the transition to recursive
thinking, the ability to think about (others’) thghts, would be associated with changes in the
magnitude and timing of the cortisol response ma@valuation. Salivary cortisol was
obtained during the Leiden Public Speaking Taslk tHsk was administered twice with a
two-year interval to 221 participants, aged 9-1&rgeat Time 1. The area under the curve was
computed to assess the magnitude of the overaisobresponse. Two difference scores,
reflecting speech anticipation and speech deliveeye computed to assess the timing of the
cortisol response. Recursive thinking was measwréta cartoon description task.
Regression analyses with clustered bootstrap dongdor pubertal development, age and
general cognitive functioning showed that the titems to recursive thinking predicted an
increase in the cortisol response to speech aatiom but was unrelated to the magnitude of
the overall cortisol response. This is in line vt view that increasing sensitivity to social
evaluation in adolescence is mainly due to theceffef pubertal hormones on affective
regions of the brain. Socio-cognitive developmédfecied the timing rather than the
magnitude of the cortisol response. The resultgesighat recursive thinking enables earlier

realization of social-evaluative threat.

Keywords: adolescence, social evaluation, saliearyisol response, recursive thinking,

socio-cognitive development
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Effects of Adolescent Socio-Cognitive Developmenhdhe Cortisol Response to Social
Evaluation
Adolescents show an increasing sensitivity to damraluative threat. This threat
“occurs when an important aspect of the self-idgmsi or could be negatively judged by
others” (Dickerson & Kemeny, 2004, p. 358). The miagle of the cortisol response and
other biological stress responses to conditiorsoofal-evaluative threat has been shown to
increase across adolescence (e.g. Gunnar, Weweskay, Long, & Griggs, 2009; Gunther
Moor, Bos, Crone, & Van der Molen, 2014; Silk et @012; Somerville, Jones, Ruberry,
Dyke, Glover, & Casey, 2014; Stroud et al., 2008n\en Bos, de Rooij, Miers, Bokhorst, &
Westenberg, 2014). The adolescent-bound increasensitivity to social-evaluative threat
has also been found in studies using self-repasiipnnaires (e.g. Weems & Costa, 2005;
Westenberg, Drewes, Goedhart, Siebelink & Treff2@94). A few studies have investigated
the relation between the magnitude of responsssdial-evaluative threat and pubertal
development (e.g. Gunnar, Wewerka et al., 200@ugtet al., 2009; Van den Bos et al.,
2014). However, other adolescent developments hsaypday a role. The present study
investigated whether the magnitude and also thedimof the cortisol response to social
evaluation are associated with socio-cognitive tgraent during adolescence.
Sensitivity to Social-evaluative Threat in Adolesagce
Social-evaluative threat has been shown to triggessponse of the hypothalamic-

pituitary-adrenal (HPA-axis) in adults, adolesceaartd children (for reviews see Dickerson &
Kemeny, 2004; Gunnar, Talge, & Herrera, 2009). dess occurrence across a wide age
range, however, several studies have demonstizéthe magnitude of the cortisol response
to social evaluation increases during adolesce@oariar, Wewerka et al., 2009; Klimes-
Dougan, Hastings, Granger, Usher, & Zahn-Waxle@12Gtroud et al., 2009; Van den Bos et

al., 2014).
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The adolescent increase in the magnitude of thesobresponse is in line with
increases in other neuroendocrine, physiologicdlreural responses to instances of social
evaluation. Studies using social-evaluative strasks, such as public speaking, have also
demonstrated age-related increases in the salalpha-amylase response (Stroud et al.,
2009; Sumter et al., 2010; Van den Bos et al., pGdlthough mixed results have been
reported for cardiovascular responses (Gunnar, \WWewnet al., 2009; Hollenstein, McNeely,
Eastabrook, MacKey, & Flynn, 2012; Stroud et a8002). Experiments in which participants
were explicitly informed that they were acceptedegected by peers provided evidence for
heightened physiological responding to rejectidmatlis, adolescents (and adolescent girls in
particular) showed more heart rate slowing thafdodnm in response to rejection feedback
(Gunther Moor et al., 2014). Similarly, the pupillaesponse to rejection in a virtual
chatroom increased with age in a sample of 9 tgeBr-olds (Silk et al., 2012). Age-related
increases in sensitivity to social evaluation weds® observed in passive social evaluation.
That is, the simple notification of being watchgdabpeer while lying in an fMRI scanner
resulted in higher reports of self-conscious enmstjdarger skin conductance responses and
more activation of the medial prefrontal cortex @@ in adolescents than in children
(Somerville et al., 2014).

Further evidence for an increase in sensitivitgdoial evaluation during adolescence
is provided by developmental research on fearsmrdes experienced in daily life. Studies
on the normative development of fears have showanthe relative frequency of social fears
compared to other fears increases from middle kbdd to adolescence, with social fears
becoming predominant in adolescence (Weems & CB8h; Westenberg, Gullone,
Bokhorst, Heyne, & King, 2007; Westenberg, SiebelWarmenhoven, & Treffers, 1999).

Similarly, the predominant topic of worry reporteg children shifted from physical well-
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being in 5- and 6-year-olds to behavioral competen@- and 9-year-olds and to behavioral
competence and social evaluation in 11 and 12-glelsr{\VVasey, Crnic, & Carter, 1994).

In addition to studies demonstrating that adoletscemme to respond more strongly to
social-evaluative threat, a few studies have indtghat adolescents also start to respond
earlier. That is, the timing of the cortisol resperappears to occur earlier during situations
eliciting a social-evaluative threat. Sumter, BoldtpMiers, Van Pelt, and Westenberg (2010)
distinguished between the cortisol response ircguatiion of public speaking and the cortisol
response to actually delivering a speech. Theyddbat the anticipatory cortisol response in
particular was larger in older adolescents. Stretual. (2009) reported that adolescents
showed heightened cortisol levels just before @soteraction task, while neither children
nor adolescents showed a further increase in regpiorthe task itself. Finally, age-related
increases in activation of the mPFC and the straiiere observed while participants were
waiting for acceptance feedback after having exgg@she expectation to be liked (Gunther
Moor, Van Leijenhorst, Rombouts, Crone, & Van desléh, 2010).

Underlying Developments

In the neurodevelopmental literature, the increasensitivity to social-evaluative
threat has been proposed to result from structum@difunctional changes in subcortical
(limbic) regions and the PFC (e.g. Burnett, SebastCohen Kadosh, & Blakemore, 2011,
Haller, Cohen Kadosh, & Lau, 2014; Nelson, Leib&nMcClure, & Pine, 2005; Somerville,
2013). In their model of the social information pessing network, Nelson et al. (2005)
distinguish between an affective node (mainly licw@gions), which determines the
emotional value of stimuli, and a cognitive-regatgtnode (PFC), which is involved in
Theory of Mind (ToM) operations, inhibition and dialirected behavior. Changes in the
affective node occur under the influence of gonhdamones, whereas changes in the

cognitive-regulatory node are less related to pabbormones and continue throughout
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adolescence. The increase in sensitivity to sesaluation has mainly been ascribed to
hormonal sensitization of the affective node andykxl maturation of (connections with) the
cognitive-regulatory node (Burnett et al., 2011]|leteet al., 2014; Nelson et al., 2005;
Somerville, 2013).

Sensitization of the affective node by pubertaihmames has received most attention in
research exploring the mechanisms behind the istrganagnitude of the cortisol response
to social-evaluative threat in adolescence. Thressesectional studies found that the
increase in the cortisol response to a public Spgaksk was related to both age and pubertal
development (Gunnar, Wewerka et al., 2009; Strawd. €2009; Sumter et al., 2010). A
longitudinal study showed that the overall coltr@sponse was more strongly related to
pubertal development than to age (Van den Bos,e2@14).

Up to now, no study has investigated whether dgretnt of the cortisol response to
social-evaluative threat is related to maturatibthe cognitive-regulatory node. The
cognitive-regulatory node is involved in ToM andeentive functions, which are distinct but
related concepts. Inhibition, working memory andrative flexibility can be considered
basic executive functions, from which higher orfigrctions such as reasoning are built
(Diamond, 2013). In most theoretical accounts, Tapdrations make use of basic executive
functions, but cannot be reduced to them (see Biake & Mills, 2014, for a review). For
example, individual differences in the understagdbhmental states could not be explained
by individual differences in working memory (Vettéeipold, Kliegel, Phillips, & Altgassen,
2013).

Continued development throughout adolescence hasdemonstrated both for
executive functions (e.g. Diamond, 2013; Huizirigalan, & Van der Molen, 2006) and for
aspects of ToM (Choudhury, Blakemore, & Charmai®62@umontheil, Apperly, &

Blakemore, 2010; Miller & Overton, 2010; Van dersBDe Rooij, Sumter, & Westenberg,



RUNNING HEAD: Effects of socio-cognitive development on cortisol 8

2016; Vetter et al., 2013). Nevertheless, theseldpments may have differential effects on
the cortisol response to social-evaluative straskst Improvements in executive functions
would presumably make the task of giving a speeaomg mental arithmetic in front of an
audience more manageable and hence less str&dsiilvould be in line with the suggestion
that maturation of the cognitive-regulatory nodeutts in a decrease of sensitivity to social-
evaluative threat toward adulthood (Burnett et2011; Nelson et al., 2005). In contrast,
increasing automaticity of ToM operations has b&gggested to contribute to the increase in
sensitivity to social evaluation (Haller et al. 120. Previous studies focusing on the effects of
pubertal development have not ruled out this pdggiiMoreover, increasing automaticity of
ToM operations may enable adolescents to imagioialsevaluative threat before it arises.
This may contribute to the findings of age-relatetteases in anticipatory responses to
social-evaluative threat (Gunter Moor et al., 2080pud et al., 2009; Sumter et al., 2010).
The present study investigated the possible carttabs of a specific aspect of ToM:
recursive thinking.

The concept of recursive thinking, or thinking abthinking, was introduced by
Miller, Kessel and Flavell (1970). They proposedttih develops in four steps. The first step
is thinking about contiguous people (e.g. somesrikinking about John and Jane). The
second step is thinking about action between pd@epde someone is thinking that John is
talking to Jane). The third step is thinking abitirking: one-loop recursive thinking (e.g.
someone is thinking that John is thinking aboue)anhe fourth step is two-loop recursive
thinking: thinking about thinking about thinking.ge someone is thinking that John is
thinking that Jane is thinking about him). Whilestey of the first two levels (as assessed
with a cartoon description task) is achieved indttood (Eliot, Lovell, Dayton, & McGrady,

1979; Landry & Lyons-Ruth, 1980; Miller et al., X3 Oppenheimer, 1986; Veith, 1980),
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recent studies have shown that the developmemtcafsive thinking continues during
adolescence (Miller & Overton, 2010; Van den Baoal.e2016).

As noted by Veith (1980) the ability to think abahinking is a prerequisite for
considering what others think about oneself. Whaldien or adolescents shift from non-
recursive thinking to recursive thinking, they g#ie ability to think about (other people’s)
thoughts and become aware that other people thioktaand evaluate them. Bokhorst,
Westenberg, Oosterlaan and Heyne (2008) suggdstethts realization may be related to
the emergence of a distinct fear of social evabwmaitn late childhood and adolescence.
Likewise, the transition may affect stress respsingesocial-evaluative situations, such as
public speaking. Children at recursive levels afiking may immediately recognize, or even
foresee, that a situation involves social evalumtiohereas children at non-recursive levels of
thinking may not realize its social-evaluative matuntil they receive some kind of feedback.
Therefore, the former may have an earlier ons#étetortisol response than the latter.
Present Study

Two research questions were addressed in the prasely. The first was whether or
not the transition from non-recursive thinking ézursive thinking contributed to the
adolescent increase in magnitude of the overallsmresponse. The second was whether or
not the transition from non-recursive thinking ézursive thinking was associated with an
earlier onset of the cortisol response, indicated karger response to speech anticipation and
a smaller response to speech delivery.

The research questions were investigated usingfidaiaa comprehensive
longitudinal study on Social Anxiety and Normal B&pment (SAND). The SAND study
included two administrations of the Leiden Publpe8king Task (LPST; Westenberg et al.,
2009) over a two-year interval and concurrent aseests of pubertal development and

recursive thinking. Two previous longitudinal steslwere based on data from the same
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sample. One investigated whether the developmergcoisive thinking levels off in early
adolescence or continues thereafter, demonstrétaighe total recursive thinking score,
computed over all types of items, increased linegmioughout adolescence (Van den Bos et
al., 2016). The other study aimed to disentangteetfects of age and pubertal development
on neuroendocrine responses to the LPST (Van deneBal., 2014). The results showed that
the overall cortisol and salivary alpha-amylas@oases were more strongly related to
pubertal development than to age. The overall lesgowere larger for more mature
participants and for participants who reported npareertal development over the two-year
interval. In addition, a puberty-related shift tad/@nticipation was observed for the cortisol
response: more mature participants already redtie@dpeak levels before the actual speech.

The present study expands on these previous stidiesestigating whether a
specific step in the development of recursive timgk- the transition from non-recursive to
recursive thinking — is related to developmenthef tortisol response to social evaluation and
whether such a relation is independent from pubdetaelopment, age and improvements in
general cognitive functioning. We identified paipi@gnts who underwent the transition from
non-recursive thinking to recursive thinking durihg two-year interval and investigated
how the transition affected the overall cortis@pense to the LPST as well as the responses
to speech anticipation and speech delivery.

Method

Participants

The data used in the present study are part ddloceal Anxiety and Normal
Development (SAND) study. The aims of the SAND-gtugtre a.) to chart the development
of social anxiety as well as normative physical aodio-cognitive developments in a
community sample of adolescents and b.) to invasigow social anxiety and stress

responses to public speaking are related to mdiyidual difference variables (e.g. Miers,



RUNNING HEAD: Effects of socio-cognitive development on cortisol 11

Blote, De Rooij, Bokhorst, & Westenberg, 2013) ar2l) normative developments in the
physical (e.g. Van den Bos et al., 2014) and soognitive domains. The SAND-study was
approved by the Leiden University Medical Ethicain@nittee and carried out in accordance
with the Declaration of Helsinki. Parents provigetdive consent; written assent was obtained
from participants themselves.

Participants were recruited through two primaryogds and one secondary school in
Leiden, a middle-sized city in the Netherlands. Wiegority of participants were of Dutch
origin: 93.4% of the participants and 87.4% of thpairents was born in the Netherlands.
Eighty-three percent of the participants lived wittth biological parents. Participants’
parents were relatively well educated: 53% had detag higher vocational education or
graduated from university. The sample included pg@®ary school children and 173
adolescents from all educational streams in thelsthool system (prevocational: 11.0%,
first year senior general or pre-university: 20.2#nior general: 33.5%, pre-university:
35.3%). Children and adolescents with severe pdggloal problems or physical illness were
excluded from participation. If such problems haeibregistered at school, students were not
invited to participate. To check whether there waarg individuals with conditions unknown
to the school, participants completed a healthraadication history questionnaire probing
for treatment by a mental health professional dageany physical complaints.

The SAND-study had a cohort-sequential design. Ba&t@ collected in four waves,
with the first wave being fielded in 2006-2007. Treeursive thinking test and the LPST were
administered in Wave 1 and Wave 3. For claritys¢éhéata collection points will be referred
to as Time 1 and Time 2 in the present study. Atell, there were 299 participants: 154
males (51.5%) and 145 females (48.5%). Their ageged from 8 to 17 yearsl(= 13.2,SD
= 2.3). Table 1 shows the number of participantggpade level and their mean age. At Time

2, two years later, 222 participants returned &lmale, mean age = 158D = 2.2). The
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attrition rate was 25.8%. There was no differemcthé distribution of gendez4(1) = .008,p
= .928) or level of recursive thinking%(3) = 5.906p = .116) between those who continued
to participate at Time 2 and those who did notelalse, there was no difference in mean age
(t(297) < 1), mean score on the Pubertal Developi@eale {(286) < 1), cortisol response
(Area Under the Curve with respect to incre@&82) = -1.045p = .297), or mean score on
the Social Anxiety Scalg(R94) = 1.123p = .262). This is in line with other data from the
SAND-study indicating that attrition over all fowmaves of data collection was neither related
to social anxiety nor to predictors of social amxigMiers et al., 2013).
Procedure

The Leiden Public Speaking TaskThe LPST has specifically been designed for
longitudinal studies: to enhance reproducibilitgfticipants are informed a week beforehand
that they will have to give a speech on a certgoict The task was modeled on a classroom
presentation, with which participants of all agasénexperience. Participants deliver their
speech in front of a projection screen displayitifeasize audience of age peers and a female
teacher, who behave neutrally. They are informatlttie audience is prerecorded and that
their performance will be recorded and evaluategdmrs at a later date (see e.g. Blote,
Bokhorst, Miers, & Westenberg, 2012, for a repdithese evaluations). Making a permanent
recording of one’s performance has been showneatera condition of social-evaluative
threat and elicit a cortisol response (Dickersod&neny, 2004). The present situation of
ambiguous rather than negative social evaluatioyn lmegparticularly suitable to reveal
developmental differences in sensitivity to soemluation. As participants have no direct
control over the way in which their performancel \w# evaluated, the LPST combines the
two characteristics of laboratory procedures thasthgonsistently trigger a response by the
HPA-axis: social-evaluative threat and uncontroligh(Dickerson & Kemeney, 2004).

Previous research has demonstrated a mean codsganse to the LPST of 2.28 nmol/l in
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12-15 year-olds (Westenberg et al., 2009). Thisasgnts a 44% increase over resting levels,
which is comparable with the cortisol response pleskin other studies with an adolescent
sample (see Gunnar, Talge et al., 2009, for awgviBecause participants are fully informed
about the upcoming task, the LPST allows for dgtishing between the effects of speech
anticipation and speech delivery.

At both Time 1 and Time 2, participants were iadito the lab twice: once for a pre-
session and once for the public speaking sessimmnweek later. In the pre-session, several
self-report questionnaires, cognitive tests —ingigdhe recursive thinking test— and a
sentence completion test measuring psychosociala@wment were administered.
Participants were tested individually and an (M&&jio recording was made during the
recursive thinking test. The pre-session also setwdamiliarize participants with the lab and
inform them about the public speaking task. Thegineed instructions to prepare a speech on
movies they liked or disliked, in the same wayhas/twould for a presentation at school.
They were also instructed to refrain from exergssmoking, eating and drinking caffeinated
beverages, dairy products and alcohol one hourédfe start of the public speaking session.

The actual public speaking task consisted of spaets. First, participants watched a
nature video while seated (20 min) and while stag@db min). Then, participants received
instructions, reminding them of the social-evalmtature of the task (3 min) and they were
allowed to rehearse their presentation (5 min).s8gbently the videotape was started and
participants watched the audience enter, afteriwthiey delivered their speech (5 min).
Finally, there was a post-task recovery periodr{®d) during which participants completed
assessments and watched another 10 minutes ohtine ivideo. All sessions started at 2:15
p.m. to minimize diurnal effects. Full details bettask are provided by Westenberg et al.
(2009).

Measures
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Recursive thinking test.An adapted version of the cartoon description taskeloped
by Miller et al. (1970) was used. The cartoon desion task involves presenting participants
with cartoons that contain thought clouds, speedibkes and up to four different characters.
In each cartoon, the main character is depicteld avihought cloud over his or her head, in
which all other elements are embedded. The paaintipas to describe what the main
character is thinking. In the current version, daddgor use with adolescents, contiguity
items, which are mastered by second grade elenyesthool (Miller et al., 1970; Miller &
Overton, 2010; Oppenheimer, 1986), are omittedtamadadditional two-loop recursion items
are presented. Reliability of the adapted verssogoiod and discriminant validity with verbal
intelligence could be demonstrated (Van den Bas.e2016).

Participants had to describe 14 different carto8rection items (items 1-3), 5 one-
loop recursion items (items 4-8) and 6 two-loopursion items (items 9-14; see Appendix).
The materials were newly created professional drgsv(see Figure Al for an example),
printed on A4-sized laminated paper. The experigreinst made sure that the participant
understood the basic elements of the cartoons.dSlaith smooth outlines represented
talking; clouds with scalloped outlines represeritedking. The characters in the cartoons
were one boy, one girl, one man and one woman. phafécipants were presented with
cartoons in which the boy was the main charactdrfamale participants were presented with
cartoons in which the girl was the main characiee cartoons were presented one at a time,
in the following order: 1, 3, 4, 5, 2, 6, 10, 8, 14, 12, 13, 9, 7 (numbers refer to items in the
Appendix). For each cartoon, the participant hadnswer the question “What is the boy
(girl) thinking?” The transcription of the answeasvscored by two independent raters as O
(wrong level of recursive thinking), 1 (right levefl recursive thinking, but not entirely
accurate, e.g. “the boy is thinking about the biog/hnstead of “himself”, using a pronoun

with unclear reference) or 2 (correct). AgreemestiMeen the two raters was good. Cohen’s
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Kappa ranged from .66 to .93 (median = .82) acitesd.4 items at Time 1 and from .51 to

.90 (median = .82) at Time 2. For the present stadgres of 1 and 2 were collapsed
(corresponding to the binary scoring system useMiitlgr et al., 1970). Scores on the
recursive thinking test were available for all Z88ticipants at Time 1 and for 221 of the 222
participants at Time 2. The test could not be aistered to one participant, because she was
unable to come to the lab.

HPA-axis activity. For the assessment of cortisol (nmol/l), severvaaamples were
collected by passively drooling into plastic vilBL-SaliCap®, Germany) directly or
through a straw. Figure 1 depicts the timing ofghmples and the mean cortisol
concentrations in each sample at Time 1 and Tinga&iple 1 was taken after the nature
video (i.e. baseline sample). After the speechsamples were taken to account for the fact
that individuals differ in the timing of the comisresponse to a stressful event (Gunnar &
Talge, 2007). Sample 2 was collected directly dfterspeech and sample 3 was taken 10
minutes later. Samples 4 to 7 were collected atwals of 5 minutes, so that the seventh and
last saliva sample was taken at the end of thevezg@eriod. Samples from one participant
at one time of measurement were batched togethanfdysis.

The determination of cortisol in saliva was perfechwith a competitive
electrochemiluminescence immunoassay ECLIA usiNpdular Analytics E170
immunoassay analyzer from Roche Diagnostics (Manmh®ermany). The sample volume
was at least 2(il. Missing values due to insufficient volume randmdween 0.5 and 13.4%
of the samples\ = 4.6%). Missing values in samples 2 to 6 wererpilated by averaging
the previous and the next sample. After interpotatthe percentage of missing values ranged
from 0 to 5.3% M = 1.6%). In the statistical analyses, the natiagarithm of the cortisol
concentrations was used, because the data werg Bigtwed. Outliers of more than 3 SD

were winsorized. One multivariate outlier at Time/&s deleted.
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Treatment of factors potentially influencing cortisol measures At the beginning of
the public speaking session, participants filledaguestionnaire on factors potentially
influencing the cortisol concentration, includingient medication usage, eating and
drinking less than one hour before the start ofsémsion and current phase of the menstrual
cycle and the use of oral contraceptives in girtg1g-term use of medication was assessed
with a health and medication history questionnairtgch participants had filled out at home.
The use of any medication (regularly or accideptafi the day of the study), eating and/or
drinking milk less than one hour before the pubpeaking session and use of oral
contraceptives were statistically controlled fore \did not control for phase of the menstrual
cycle. In adult studies, this variable is oftendut® control for fluctuations in estradiol, which
affect the cortisol response. However, the phaskeomenstrual cycle can only be
determined for girls with a regular cycle, while ttuctuations in estradiol begin years before
menarche (Shirtcliff, Dahl, & Pollak, 2009). As thkase of the menstrual cycle could not be
determined for the majority of girls in the presstudy (73% at Time 1 and 53% at Time 2),
it did not seem useful as a control variable.

Pubertal status.Participants filled out a widely used self-repanegtionnaire: the
Pubertal Development Scale (PDS; Petersen, Crodkietiards, & Boxer, 1988). Three items
of the PDS were used to compute a pubertal devedopatore (see Van den Bos et al.,
2014). For girls, the items concerned menarcheicphdr development and breast
development. For boys, the items concerned voieae@h pubic hair development and facial
hair development. The individual items were scare@ scale from 1 to 4, except for the item
concerning menarche. This item was scored ashk igirl had not experienced menarche yet
and as 4 if she had (Petersen et al., 1988). Tembypubertal development score was
calculated by averaging the ratings on the thexast At Time 1, the PDS was completed by

288 participants (97.6%) and the mean score wagSR% 1.0) for boys and 2.650=1.1)
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for girls. Cronbach’s alpha was .86 for boys arlf@ girls. At Time 2, the PDS was
completed by 216 participants (99.5%) and the nseane was 2.73D = 1.0) for boys and
3.3 (8§D=0.9) for girls. Cronbach’s alpha was .89 for ¥ayd .82 for girls.

Raven’s Standard Progressive MatricesRaven’s SPM is a measure of Spearman’s
g (Raven, 2009). It was included as a control \weio test whether relations with recursive
thinking are independent of relations with ageteglamprovements in general cognitive
functioning. As noted by Diamond (2013) scorestem$PM are highly correlated with
measures of executive functions. The test comp@@agems. Each item consists of a large
figure, from which one piece is missing, and selaltarnatives for the missing piece. The
participant has to choose the one piece that dtyremmpletes the figure, because it follows
the pattern presented in the figure (Raven, 20093.items are divided into five sets of 12. In
each set, a different principle is used to crdaepatterns. The number of alternatives also
varies between the sets: there are 6 alternativests A and B and 8 alternatives in sets C, D
and E. Within each set, the items are presentettieasing order of difficulty (Raven, 2009).

The SPM was administered in Wave 2 of the SAND3s{athe year after Time 1 and
one year before Time 2), during a single sessiavhich participants also filled out
questionnaires. Elementary school participants wested in the classroom at school.
Secondary school participants were tested in lectiboms at the university. The SPM was
presented in a booklet. Participants recorded treswers on a response form. The score on
the SPM was computed by summing the number of copieces chosen. Raw scores were
used, because they reflect the improvement of execiunctions with age. Scores were
available for 217 of the 221 participants in thegamt sample.
Statistical Analyses

Trajectories of recursive thinking. Our hypothesis concerned a group of participants

who shifted from non-recursive thinking to recuesthinking in the two-year interval of our
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study. We used latent class analysis (LCA) to distalvhether or not our sample contained
such a group. With LCA, subgroups of participamesdetected in the data based on similar
response patterns in the recursive thinking tabk. fumber of subgroups is determined by
comparing how well different solutions fit the da#dthough the approach does not guarantee
detection of a response pattern that reflectsrtresition to recursive thinking, it has the
advantage of being more objective than settingaitfor assigning participants to subgroups
by hand.

The flexmix package (Leisch, 2004) was used totnen.CA in R 2.5.1 (R
development core team, 2007). The analysis was domedividuals binomial (correct,
incorrect) sum scores on each of the three typésmfin the recursive thinking test at Time
1 and Time 2 (i.e. number of correct answers ftioadgtems at Timel, one-loop items at
Time 1, two-loop items at Time 1, action items ahé& 2, one-loop items at Time 2 and two-
loop items at Time 2). Our application of LCA indkd three steps. First, we repeatedly fitted
models with one up to ten subgroups with randomi-gtdues. Second, the best converging
solutions of these models were compared by meaBaydsian Information Criterion (BIC)
and the best solution, with the lowest BIC, wagsteld. Third, we calculated the posterior
probabilities to assign each participant to hik@rmost likely subgroup.

Including both time-points in the LCA allowed totelet subgroups in our data that
maintained a similar pattern of recursive thinkaggoss Time 1 and Time 2, and subgroups
that changed response patterns of recursive thgrdgnoss time. As noted above, we were
interested in participants whose response patbelinated a transition from non-recursive
thinking at Time 1 to recursive thinking at Timel2 the main analyses, participants assigned
to this trajectory were compared with participami$ assigned to this trajectory (i.e.
participants assigned to any other trajectory)sWmas coded as a dummy variable Transition

(0 =no, 1 =yes).
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Main analysis.We aimed to investigate whether the magnitudetiamdg of the
cortisol response were related to the transitiaetorsive thinking. To address these
questions, we compared participants who experietiettansition from non-recursive
thinking at Time 1 to recursive thinking at Timevith participants who did not experience
this transition from Time 1 to Time 2. A changdlie cortisol response from Time 1 to Time
2 for participants who transitioned to recursivieking, but not for other participants (i.e. a
Transition x Time interaction) provides evidencattthe cortisol response is related to the
transition to recursive thinking.

We analyzed our data using regression analysischitered bootstrap (Cameron,
Gelbach, & Miller, 2008; De Rooij, 2013; Harden 120, because this technique is suitable
for time-varying predictors (De Rooij, 2013). ltal/s for controlling the cortisol response at
Time 1 for confounding factors at Time 1 and theisol response at Time 2 for confounding
factors at Time 2. Regression analysis was dorteedata from Time 1 and Time 2
combined. The clustered bootstrap procedure (D&} R 3; Sherman & Le Cessie, 1997)
was used for statistical inference. Interceptsragdession weights were estimated as in
standard regression analysis, but the standartsem&re derived by bootstrapping. From the
total data set, 10,000 bootstrap samples of the s&e as the original set were drawn
randomly with replacement. To deal with the depegdetween measurements of the same
individual, the bootstrap was clustered: individuakre sampled rather than cases, so that, if
the individual was assessed at both times, botlsanements were included in the sample
(De Rooij, 2013).

The regression model included the following exptanavariables: gender (1 = male,
0 = female), medication (1 = yes, 0 = no), oraltcaceptives (1 = yes, 0 = no), recent food
intake (1 = yes, 0 = no), sum score on the SPMnrseare on the PDS, age at Time 1 (T1

Age, centered at the age of the youngest partitip@ame since first assessment (Time:
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current age minus age at Time 1), the transitiaedarsive thinking from Time 1 to Time 2
(Transition: 1 = yes, 0 = no) and, crucially, then& x Transition interaction. Because the
purpose of this analysis was to rigorously cortinel effect of recursive thinking for other
developments, T1 Age, mean score on the PDS andsora on the SPM were included in
the same model. However, variance inflation factdr3.7 for T1 Age and 3.8 for PDS
indicated that the unique contributions of thesgatdes should be interpreted with caution.

Cortisol response indicesThe dependent variables were three indices ofdhesol
response to the LPST: the Area Under the Curve mgpect to increase (AUCI; Pruessner,
Kirschbaum, Meinlschmid, & Hellhammer, 2003), tipesch anticipation response and the
speech delivery response. AUCi is an index of thexall stress response, which is sensitive
to both its height and its duration. It represehésincrease in concentration relative to a
baseline. Because patrticipants knew beforehandtgtwould have to give a speech, the
pre-task concentration was not a valid baseline. dncentration at recovery, which is the
best indication of a participant’s resting levegsaused instead (see Westenberg et al., 2009).
Speech anticipation and speech delivery reprebertdrtisol responses to two phases of the
task. The speech anticipation response was dedfiséige pre-task concentration minus the
concentration at recovery. The speech deliveryaespwas defined as the maximum
concentration in post-task samples minus the mledancentration.

Results

Trajectories of Recursive thinking

To identify trajectories of recursive thinking ouene, we attempted to fit models
containing 1 to 10 classes to the data from bothell and Time 2 for 221 participants. The
model with 5 classes had the best fit accordiripéoBayesian Information Criterion (BIC =

3277.031). Table 2 shows the estimated probalafigy correct answer on each type of item
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at Time 1 and Time 2, the total number of partinoisanumber of males, mean age at Time 1,
mean PDS-score at Time 1 and Time 2 and mean SBid.sc

The classes can be interpreted as trajectoriescafsive thinking. Participants in the
first trajectory changed from action level to one level. At Time 1, they were more often
correct than not on action items, but not on ormg-leecursion or two-loop recursion items.
At Time 2, they performed almost perfectly on actittms and were more often correct than
not on one-loop recursion items, but performed gtibrly on two-loop recursion items (see
Table 2). Participants in the second trajectoryaieed at one-loop level and showed no
improvement from Time 1 to Time 2. At both timdsey performed near ceiling on action
items and were more often correct than not on onp-tecursion items, but not on two-loop
recursion items (see Table 2). Participants irthivd trajectory changed from one-loop level
to two-loop level. At Time 1, they were more oftrrect than not on action items and one-
loop recursion items, but not on two-loop recurstems. At Time 2, they performed almost
perfectly on action items and one-loop recursiemi and were more often correct than not
on two-loop recursion items (see Table 2). Perforeean the fourth and fifth trajectory
indicated two-loop recursive thinking level. Papants in both trajectories performed near
ceiling on action items and one-loop recursion geand were more often correct than not on
two-loop recursion items at Time 1. However, pgraats in the fourth trajectory showed no
further improvement from Time 1 to Time 2, wherpasticipants in the fifth trajectory
improved to as good as perfect performance oreatis at Time 2 (see Table 2).
Effects of recursive thinking on the cortisol respase indices

In our main analyses, participants who transittbfiem non-recursive thinking at
Time 1 to recursive thinking at Time 2 (i.e. trdiwsi; action to one-loop trajectory) were
compared with participants who were at recursivekihg at both times (i.e. no transition; all

other trajectories). We investigated whether taadition to recursive thinking from Time 1
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to Time 2 was related to changes in the magnitndeianing of the cortisol response from
Time 1 to Time 2 (i.e. a Time x Transition intefan). Table 3 shows the regression weights
of the explanatory variables for each dependenalvke.

Magnitude of the responseFor the overall cortisol response, AUCI, the Tixne
Transition interaction was not significant, indiogtthat the magnitude of the overall cortisol
response was not related to the transition to sdgeithinking. Only the control variables age
at Time 1 and recent food intake were significdine overall cortisol response was larger in
older participants and smaller in participants vad consumed food or dairy products in the
hour before the lab session.

Timing of the responseFor the cortisol response to speech anticipation,
regression analysis with clustered bootstrap shaw&dnificant interaction between Time
and Transition (see Figure 2). Participants whoditeoned from non-recursive thinking at
Time 1 to recursive thinking at Time 2 showed aréase of the speech anticipation response
from Time 1 to Time 2, whereas other participantsrabt. The control variables age at Time
1 and recent food intake were also significant. @brtisol response to speech anticipation
was larger for older participants and smaller fantisipants who had consumed food or diary
products in the hour before the lab session. Thedpanticipation response was marginally
significantly smaller for boys than for girls.

For the cortisol response to speech delivery, digeassion analysis with clustered
bootstrap showed a marginally significant inter@ctibetween Time and Transition (see
Figure 3). Participants who transitioned from neawursive thinking at Time 1 to recursive
thinking at Time 2 showed a small decrease of peesh delivery response from Time 1 to
Time 2, whereas other participants showed an isetr€éehe control variable recent food
intake was significant: participants who had conedriood or dairy products in the hour

before the lab session showed a larger cortispbrese to speech delivery. Gender and score
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on the SPM were marginally significant: the spegelivery response was somewhat larger in
boys than in girls and somewhat lower in partictgamith higher scores on the Standard
Progressive Matrices.

The pattern of an increasing speech anticipatiepaese and a decreasing speech
delivery response in participants who transitiofrech non-recursive thinking at Time 1 to
recursive thinking at Time 2 is in line with thegsibility that the transition to recursive
thinking affects the timing of the cortisol respenBoth findings could be due to an increase
in cortisol concentrations before the speech. Hanealternative explanations are possible,
because speech anticipation and speech delivegy/lvath computed by taking the difference
in cortisol concentration between two saliva sampi®r example, the increasing speech
anticipation response may also be due to a decheasetisol concentrations at recovery. A
final regression analysis with clustered bootstvag done to compare the Time x Transition
effects on the pre-task sample, the peak samplé¢henecovery sample. Sample was coded
using two dummy variables: pretask (1 = yes, 0 yFamal peak (1 = yes, 0 = no), with
recovery being the reference category. The regnesabdel included the explanatory
variables used in the previous analyses as weltetask, peak, their two-way interactions
with Time, their two-way interactions with Transiti and their three-way interactions with
Time and Transition.

The results, summarized in Table 3, showed a sogmf Pretask x Time x Transition
interaction. As illustrated by Figure 4, the intran indicated that, for participants who
transitioned to recursive thinking from Time 1 tinE 2 (black lines), the increase in cortisol
concentration from Time 1 (dotted lines) to Timésalid lines) was larger for the pretask
sample than for the recovery sample. This findiogaborates that the transition to recursive

thinking is associated with an increase in corteswicentrations before the task.
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The analysis also showed that cortisol concentratio the pre-task sample and the
peak sample were significantly higher than in gmowery sample (averaged over both times
and all participants). Cortisol concentrations (aged over all samples) were significantly
higher for participants at higher levels of publed&/elopment. In addition, average
concentrations were marginally higher for boys tf@rgirls. Peak concentrations (averaged
over both times) were marginally significantly lawe participants who transitioned to
recursive thinking than in others.

Discussion

Previous studies have shown that the magnitudeeofdrtisol response to social-
evaluative stressors increases with age and pliblestalopment during adolescence (Gunnar,
Wewerka et al., 2009; Stroud et al., 2009; Sunitat.e2010; Van den Bos et al., 2014). The
present study is the first to relate the adolesdemelopment of the cortisol response to
another aspect of normative development: sociahitiog. The results showed that socio-
cognitive development was a significant predictiothe anticipatory cortisol response, which
increased from Time 1 to Time 2 for adolescents wiadle the transition from non-recursive
thinking to recursive thinking during this two-ygagriod. The increase associated with this
transition was independent from the effects of &g two other developments occurring in
adolescence: puberty and improvements in genegalittee functioning. The cortisol
response to speech delivery showed a slight dexess®ciated with the transition to
recursive thinking, while the overall cortisol resge was not affected. This pattern of results
indicates that recursive thinking affects the tighaf the cortisol response rather than its
magnitude. Participants at non-recursive levekhioking showed relatively low cortisol
concentrations before the task and an increasaglthe task, whereas participants at
recursive levels of thinking showed relatively higdrtisol concentrations before the task and

less of an increase during the task.
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A specific relation between recursive thinking amdicipation of social evaluation
may explain two other findings in the literatune the study by Gunther Moor et al. (2010),
activation of the mPFC and the striatum were pealiyirelated with age while participants
were waiting for acceptance feedback and expeotéé tiked, but not in response to the
actual feedback. In the study by Stroud et al. @20@dolescents showed heightened cortisol
levels before a social interaction task, althougdytdid not show a cortisol response to
actually performing the task. These findings sugtes, with the development of recursive
thinking, adolescents come to perceive social-atale threat prior to entering a situation.
Anticipatory responses are elicited, which mayisightly prepare them for a potential threat,
so that no further responses are needed whendbejttie situation.

Our finding that the cortisol response in antidipatof a social-evaluative situation
increased with the transition to recursive thinkingy also help to explain why social anxiety
disorder, which is characterized by excessive ééapcial evaluation, tends to have its onset
in adolescence (American Psychiatric Associati@i,3}. Several authors have suggested that
socio-cognitive development may increase the wslsbcial anxiety in vulnerable individuals
(Bokhorst et al., 2008; Gren-Landell et al., 2008endick & Hirshfeld-Becker, 2002). The
present study suggests that the emergence of nextingnking leads to earlier recognition of
social-evaluative threat. Earlier recognition,umt, may offer these adolescents more
opportunity to avoid social situations, which isdight to exacerbate their anxiety (Rapee &
Spence, 2004) and interfere with daily life, incieg their need for treatment (Miers, Blote,
Heyne, & Westenberg, 2014). Future research magstigate this potential mechanism in
children at risk.

As noted above, the transition to recursive thigkdid not increase the cortisol
response to the actual public speaking task. Timsrg raises the question whether children

at non-recursive levels of thinking understand thay are subject to social evaluation once
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they have entered the situation. Even childrenvef ér six years old show a cortisol response
to a social-evaluative stressor (De Weerth, Zijlyaviack, & Breijers, 2013). This may be
because the situation itself provides cues thatentlaém realize the social-evaluative threat,
such as being watched by others. However, beingahter of attention may also be
somewhat stressful in itself. Lewis (2005) noteat #imbarrassment may result either from
negative evaluation or from mere exposure to ttenabn of others. Another cue, in the
context of public speaking, is that participantes @d that their performance will be
evaluated. On the one hand, this may prime paaiitgpto realize the potential social
consequences of their performance. On the othet, e explicit threat of performance
evaluation may in itself be sufficient to elicitartisol response. Public speaking has indeed
been characterized as both a social-evaluativessireand a performance stressor (Dickerson
& Kemeny, 2004; Stroud et al., 2009). More reseamnlying the characteristics of social-
evaluative situations is needed to clarify whettteldren at non-recursive levels of thinking
become aware of acute social-evaluative threat.

The findings that the magnitude of the overall isottresponse increases with pubertal
development (Van den Bos et al., 2014), but isaffeicted by the transition to recursive
thinking are in line with suggestions in the neweelopmental literature that the increasing
sensitivity to social evaluation in adolescence&nly due to sensitization of the affective
node by pubertal hormones (Burnett et al., 2011leHat al., 2014; Nelson et al., 2005;
Somerville, 2013). The increase in anticipatiosadial evaluation with the transition to
recursive thinking may be related to developmecttahges in the cognitive-regulatory node,
which Nelson et al. (2005) related to theory of dnaperations and executive functions. The
recursive thinking test (Miller et al., 1970) wasstjned to measure an aspect of theory of
mind but — like any other theory of mind test -oatsakes demands on executive functions. In

the present study, the score on the Raven SPMnehsgled to control for the contribution of
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general cognitive functioning. Hence, the incraaghe anticipatory cortisol response can be
ascribed to changes in theory of mind operatioadiez realization of social-evaluative threat
is related to emergence of the ability to thinkahather people’s thoughts.

Some authors have suggested that sensitivity talsa@luation decreases with
further maturation of the cognitive-regulatory naddate adolescence and young adulthood
(Burnett et al., 2011; Nelson et al., 2005). Thespnt study found a marginally significant
negative relation between the sum score on the S®¥idh is highly correlated with
executive function (Diamond, 2013), and the cottissponse to speech delivery. This might
suggest that the actual task of giving a speecbrbes more manageable and less stressful
with improvement of executive functions. Futuredsés focusing on late adolescence and
young adulthood may find stronger support for aatigg relation between executive
functions and the cortisol response to social etaln. Moreover it would be interesting to
use specific measures of inhibition, working memamng cognitive flexibility instead of a
global index of executive functions such as the SRRMrking memory in particular may be a
good candidate, because its development contimb@young adulthood (Huizinga et al.,
2006).

With regard to the development of recursive thigkithe present study provided
additional evidence for the claim by Miller et @1970) that a series of consecutive steps can
be distinguished. Latent class analysis producedpy that were easily interpretable as
trajectories of recursive thinking. Over a two-yederval, participants either remained at the
same level of recursive thinking or progressedéortext level. Of those participants who had
grasped two-loop recursive thinking at Time 1, heane-third moved on to near-perfect
performance. In the other participants developmeay still be ongoing: the total score on
the recursive thinking test was found to increaseally throughout adolescence (Van den

Bos et al., 2016). Alternatively, there may beifagstndividual differences in proficiency at
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recursive thinking. Further research examininguittlial differences in recursive thinking in
(young) adults is needed to settle this issue.

In the present study, only post-task recovery cotratons were available as indices
of participants’ resting levels of cortisol. Prekaconcentrations are elevated in the LPST,
because participants are informed a week in adviratehey will have to give a speech that
will be recorded and evaluated by age-peers. Fallgwhis protocol in both waves of our
longitudinal study was preferable to using an innpptu speech task, which would be a
surprise the first time, but may be anticipatedrtbet. In everyday life, public speaking is
usually anticipated. The present results demoresthat importance of studying responses to
both speech anticipation and speech delivery.

A limitation of the present study is that our saepioved to be relatively ‘old’ for
studying the transition from non-recursive thinkiogecursive thinking: most participants
turned out to be already at recursive levels afiimg at Time 1. The findings would be
strengthened by replication in a younger samplatier limitation is the use of a self-report
measure of pubertal development, which is lesalydithan assessment by a trained
physician. Shirtcliff et al. (2009) showed that PE&x®res correlated moderately with a
physical exam. Boys and girls who matured relagierly (or late) compared with their age-
peers tended to over-report (or underreport) {harertal status. However, the PDS and the
physical exam were similarly related to levels obertal hormones. Moreover, we controlled
for age and improvements in general cognitive fiamétg in addition to pubertal
development. This strengthens the evidence thabpé#re increase in the anticipatory
cortisol response to social evaluation is spedlficalated to the transition to recursive
thinking.

The longitudinal design of the study lends creddnasur findings, by demonstrating

a relation between a change in recursive thinkimyachange in the timing of the cortisol
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response to social evaluative-threat within theesardividuals. However, the design was
correlational and the changes were assessed sitealigly. Therefore, the present study did
not provide evidence for a causal relation. Demattisig causality in future research will be
challenging. Future studies might investigate wlethaining in recursive thinking leads to
an increase in the cortisol response to sociabetiain. However, it is at present unknown
whether a transition from non-recursive thinkingeoursive thinking can be brought about

by training.
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Table 1.

Distribution of Participants over Grade Levels infary and Secondary School at Time 1.

Grade n n male Mean age

Primary school

6 38 17 9.74 (0.41)
7 44 29 10.91 (0.43)
8 44 20 11.91 (0.40)

Secondary school

1 43 23 13.12 (0.29)
2 42 23 14.10 (0.51)
3 41 21 15.33 (0.49)
4 47 21 16.48 (0.48)

Note.Standard deviations of age are in parenthesis.
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Table 2.

Response Pattern and Participant CharacteristiesHach Trajectory of Recursive Thinking from Timi Time 2.

Trajectory Time 1 Time 2

p(action) p(one- p(two- p(action) p(one- p(two- n n T1 T1 T2 SPM

loop) loop) loop) loop) total male Age PDS PDS

Action to one- .718 0.465 0.096 0.970 0.642 0.156 34 17 122 206 2.65 44.7
loop (2.3) (1.1) (@.0) (6.7
One-loop: no .977 0.849 0.254 0.940 0.763 0.232 61 24 12.9.41 291 46.6
improvement (24) (1.2) (1.1) (5.5
One-loopto  0.764 0.632 0.192 0.975 0.983 0.838 25 19 12815 2.88 46.7
two-loop (2.1) (0.9 (1.0) (5.8
Two-loop: no 0.931 0.915 0.615 0.943 0.920 0.647 69 33 13361 3.06 48.7
improvement (24) (1.1) (1.0) (6.9
Two-loopto  0.994 0.968 0.793 1.000 0.999 1.000 32 21 14274 3.47 516
perfect (2.5 (1.00 (0.7) (5.9

Note.Standard deviations are in parenthesis. p = esohy@obability of a correct response, T1 = Tim&24 = Time 2, PDS = mean score on
the pubertal development scale (Petersen et &8)1SPM is sum score on the Raven Standard Pigedslatrices.
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Table 3.

40

Regression Weights of the Explanatory VariablesTfmee Difference Scores and Absolute

Cortisol Concentrations.

Difference scores

Absolute

Explanatory variables AUCI Speech anticipatidBpeech delivery concentration
Male -1.53 -0.097 0.08t 0.11t
Medication -0.74 -0.03 0.07 0.07
Oral contraceptive -2.96 -0.05 -0.09 0.16
Recent food intake -6.62** -0.32*** 0.12* -0.07
SPM -0.03 0.00 -0.01t 0.00
PDS 0.47 0.03 0.02 0.13**
T1 Age 1.74* 0.05* -0.02 -0.02
Time 0.58 -0.00 0.02 0.03
Transition 0.40 0.04 -0.09 -0.03
Time x Transition 0.91 0.11* -0.07t -0.04
Pretask 0.27***
Peak 0.49%**
Pretask x Time -0.00
Peak x Time 0.03
Pretask x Transition -0.04
Peak x Transition -0.09t
Pretask x Time x Transition 0.10*
Peak x Time x Transition 0.04

Note.Speech anticipation = cortisol concentration im pine-task sample minus cortisol

concentration in the recovery sample, Speech dglivgeak cortisol concentration in post-
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task samples minus cortisol concentration in tleetpsk sample, AUCi = Area Under the
Curve with respect to increase (Pruessner et@32 SPM = sum score on the Standard
Progressive Matrices, PDS = mean score on the fallbevelopment scale (Petersen et al.,
1988), T1 Age = age at Time 1 centered at the &teeo/oungest participant, Time = age at
time of testing minus age at Time 1. Transition waded as 0 = recursive thinking at both
times, 1 = from non-recursive thinking at Time ITregursive thinking at Time 2. The
analyses were performed on the natural logariththetortisol concentration (nmol/l).

tp<.10, *p < .05, *p < .01, ** p < .001
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Assessment
—Time 2

Mean cortisol In{nmolfl)

18- N

[5 | 1'[] 20 3'0 40 &0
Time of sampling (minutes from start of task)

Figure 1 Mean natural logarithm of the cortisol concentrainmol/l) for the seven saliva
samples taken directly before and 15, 25, 30, B5add 45 min after the beginning of the

Leiden Public Speaking Task at Timel and Time 2.
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Figure 2.Predicted speech anticipation response at Tinmel ITane 2 for participants who
transitioned from non-recursive thinking at Tim&Iecursive thinking at Time 2 and for
participants who demonstrated recursive thinkincadh times. The speech anticipation
response represents the difference in the natgalithm of the cortisol concentration
(nmol/l) between the pre-task sample and the regaample. Control variables were set at

their respective means at Time 1 and Time 2.
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Figure 3.Predicted speech delivery response at Time 1 and Z for participants who
transitioned from non-recursive thinking at Tim&Iecursive thinking at Time 2 and for
participants who demonstrated recursive thinkinigadh times. The speech delivery response
represents the difference in the natural logaridfitine cortisol concentration (nmol/l)
between the post-task peak sample and the presséasgle. Control variables were set at their

respective means at Time 1 and Time 2.
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Figure 4.Predicted natural logarithm of the cortisol concaindn in pre-task, post-task peak
and recovery samples at Time 1 and Time 2 for @pénts who transitioned from non-
recursive thinking at Time 1 to recursive thinkimglime 2 and for participants who
demonstrated recursive thinking at both times. @brariables were set at their respective

means at Time 1 and Time 2.
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Appendix. Items of the Recursive Thinking Test Useth the Present Study

Action items

1. The boy is thinking that the girl is talkingttee (male) teacher.
2. The boy is thinking that he is talking to thd.gi

3. The boy is thinking that the girl is talkinghon.

One-loop recursion items

4. The boy is thinking that the girl is thinking tble (male) teacher.
5. The boy is thinking that he is thinking of thd.g

6. The boy is thinking that the girl is thinking loim.

7. The boy is thinking that the girl is thinking loérself.

8. The boy is thinking that he is thinking of hirfise

Two-loop recursion items

9. The boy is thinking that the girl is thinking e (male) teacher thinking of the (female)

teacher.

10. The boy is thinking that he is thinking of tjid thinking of herself.
11. The boy is thinking that the girl is thinkingtom thinking of her.

12. The boy is thinking that he is thinking of hitfghinking of himself.
13. The boy is thinking that the girl is thinkinglom thinking of himself.

14. The boy is thinking that he is thinking tha dirl is thinking of him.
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Figure Al.Cartoon of item 11: The boy is thinking that the ig thinking of him thinking of

her. Copyright John Miers.
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