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Abstract

Prior research suggests that adolescence is a time of enhanced sensitivity for practice
and learning. In this study we tested the neural correlates of divergent thinking training in 15-
16-year-old adolescents relative to an age-matched active control group. All participants
performed an alternative uses task, a valid measure to test divergent thinking, while fMRI
images were acquired before and after a training program. In between the two scanning
sessions the experimental group completed 2 weeks of divergent thinking training (8 sessions)
and the control group completed 2 weeks of rule switching training (8 session). A group x
time interaction demonstrated stable divergent thinking performance for the experimental
group, whereas in the control group performance declined. Generating alternative uses
(experimental task condition) relative to generating ordinary characteristics of objects (control
task condition) was associated with increased activation in the supramarginal gyrus (SMG),
angular gyrus (AG) and middle temporal gyrus (MTG). Test-retest analyses showed that
within-individuals-activation in these regions was stable over time in both groups. Changes in
alternative uses fluency over time, however, were positively associated with changes in
superior lateral PFC activation over time. Together, the results indicate that core brain regions
for creativity (SMG, AG, MTG) are consistently recruited in adolescence, and that changes in

performance are associated with changes in activation in lateral PFC.
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Introduction

Some parents may wonder why adolescents have difficulty planning their homework
while at the same time they are experts in switching between social media devices, designing
clothes or redecorating their rooms. Adolescence is the transition period between childhood
and adulthood during which individuals gain their independence from their parents and
rapidly adjust to new social contexts (Crone and Dahl, 2012). Even though cognitive control
functions still increase between adolescence and adulthood (Luna et al., 2001), both animal
(Johnson and Wilbrecht, 2011) and human research (Kleibeuker et al., 2013a) has shown that
adolescence relative to adulthood is a period of increased potential for flexible thinking. That
is, adolescence seems to be a period of increased flexibility that is well suited for novel
insights and creative problem solving, which is beneficial in a period which asks for rapid

adjustments to changing social demands and gaining independence (Crone and Dahl, 2012).

Adolescence is also a period of life that is identified by a significant amount of time
involved in training and education, both in- and outside school settings. As such, a better
understanding of learning mechanisms and training effects is especially useful in this age
period. Prior research indicates that the adolescent brain is indeed sensitive to the effects of
training of different cognitive functions including working memory and mathematical skills
(Jolles et al., 2010; Quin et al, 2004), showing increased activation patterns in prefrontal and
parietal regions after training. These brain regions have previously been found to develop
relatively late in adolescence (Gogtay, 2004; Sowell, 1999; see Crone and Ridderinkhof,
2010; Blakemore and Choudhury, 2006). A question that remains, is how the adolescent brain
adapts to training of cognitive functions that require flexible and divergent thinking rather

than controlled and convergent thinking. In the current study, we test the benefits of training



creativity in adolescents, by examining neural responses to problems that require divergent

thinking, before and after two weeks of divergent thinking training.

Divergent thinking is an important component of creativity and it involves the ability
to think of novel solutions for encountered problems (Torrance, 1965). A well-known task to
measure divergent thinking is the Alternative Uses Task (AUT) where individuals are asked
to think of as many possible ways to use an object, such as an umbrella (e.g., ‘storage place
for stuffed animals’). Solutions should be novel and appropriately useful (Guilford, 1967;
Kim, 2008). The answers can be categorized in terms of fluency (number of possible
answers), flexibility (number of times individuals switch between different categories; i.e.,
storage, protection, decoration, etc.), and originality (uniqueness of answers). Prior studies
revealed that adults and adolescents perform equally well on the AUT in terms of flexibility
(Kleibeuker et al., 2013a), but adults outperform adolescents in baseline fluency (Kleibeuker

et al., 2013b) and originality (Kleibeuker et al., 2013b; Stevenson et al., 2014).

Research has shown that divergent thinking performance can be enhanced by two
weeks of training, whereas longer duration has only minimally positive effects on training
outcomes (Scott et al., 2004; Fink et al., 2006). These findings have been demonstrated in
adults (Kienitz et al., 2014), adolescents (Stevenson et al., 2014) and children (Scott et al.,
2004), although transfer effects to other domains are debated (Kaufman and Baer, 2009). A
recent developmental study demonstrated training benefits after eight sessions during two
weeks of divergent thinking training for AUT fluency and originality. Intriguingly, this study
revealed larger changes for adolescents aged 13-16 years than for adults for the domain of
originality, which transferred to a new divergent thinking task (Stevenson et al., 2014). These
findings led to the hypothesis that adolescence is an important time window for creativity

development. A key question concerns which neural regions contribute to these training
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related changes in adolescence; we utilize the same training paradigm employed by Stevenson

et al. (2014) to investigate this.

Recently, several studies have examined the neural correlates of divergent thinking by
examining neural activity while individuals perform the AUT (Abraham et al., 2012; Cousijn
et al., 2014a,b; Fink et al., 2006, 2009, 2010; Kleibeuker et al., 2013b). These findings have
consistently shown activity in a network of regions including the supramarginal gyrus (SMG),
middle temporal gyrus (MTG), angular gyrus (AG), and prefrontal cortex (PFC) (Abraham et
al., 2012; Fink et al., 2009, 2010; Kleibeuker et al., 2013b). Prior studies related activity in
angular gyrus to insight (Aziz-Zadeh et al., 2009; Bechtereva et al., 2004); MTG to
imagination of object use (Beauchamp and Martin, 2007; Johnson-Frey et al., 2005; Lewis,
2006) and PFC to executive semantic control processes including processes that enable
context appropriate semantic retrieval (Whitney et al., 2011). The region that most strongly
correlated with fluency performance of the AUT is the lateral PFC, such that higher fluency
scores were associated with increased neural activation in the lateral PFC (Kleibeuker et al.,
2013b). Developmental comparisons between adolescents aged 15-17 years and adults
showed that adolescents recruited the same network as adults (Kleibeuker et al., 2013b).
However, adults had a relatively higher activation in the lateral PFC than adolescents, which
was accounted for by performance differences. Intriguingly, a divergent thinking training
study using EEG showed higher synchronization in frontal alpha activity after two weeks of
AUT training (Fink et al., 2006), but it is not yet known how this relates to neural activation
changes in the different brain regions involved in divergent thinking. In a recent fMRI study,
in which adult participants were objected to an extensive verbal creativity training for three
weeks, activations increased mainly in temporo-parietal regions including bilateral SMG and

left (posterior) MTG (Fink et al., 2015). These results were interpreted as suggesting that
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training increased semantic control that is necessary to effectively combine available semantic
information to produce novelty. A more commonly used approach to enhance creative
performance in neuroimaging research involves cognitive stimulation by providing
(moderately) creative ideas. Several studies have found this approach to be effective and
training has been associated with functional changes of the (left) temporo-parietal cortex,
including the left MTG and PFC regions (Fink et al., 2012; Wei et al., 2014). An important
question addressed in the current study concerns how activity in these regions changes
through creative thinking training in adolescence. This will allow us to have a better

understanding of how training-related changes in adolescents take place.

In this study we compared behavior and neural activity in 15-16-year-old adolescents
while performing an AUT task in the scanner before and after two weeks of divergent
thinking training, and we compared this to AUT activity in an active control group who
performed a rule switching training program (see also Stevenson et al., 2014). The control
training was similar in terms of effort and time investment. The use of such an active control
group diminishes possible confounding effects (see Klingberg, 2010 for a discussion on this
approach). This design allowed us to test the following questions. First, given the small
number of longitudinal studies on creativity (Claxton et al., 2005; Scott et al., 2004), we
tested whether neural activity was stable within individuals over time, which would inform us
about whether creativity is a stable person specific ability or varies within persons over time.
This was done by computing the IntraClass Correlation Coefficients for regions which are
commonly active during the AUT, which include the SMG, MTG, and AG. This was found to
be a valid method for determining test-retest stability in prior research (Van den Bulk et al.,
2013). Second, we tested whether neural activity was enhanced by training in these same

regions. Finally, we tested the hypothesis that the lateral PFC is sensitive to individual
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differences in performance improvements, given that prior studies showed that this region is

most sensitive to individual differences in AUT fluency (Kleibeuker et al., 2013b).

Methods

Participants

A total of 32 adolescents (18 male) aged 15 to 16 years participated in this study. Participants
were recruited through local advertisements. The sample size was based on prior studies using
the same task showing robust neural activity in adolescents using a cross-sectional design
(Kleibeuker et al., 2013) and on working memory training studies with adults (Jolles et al.,
2010; Olesen & Klingberg, 2004). Power analyses using effect sizes based on Kleibeuker et
al. (2013) revealed that a total sample size of 32 participants would have enough power (.80

with alpha = .05) to identify similar effects.

All participants were healthy, right-handed, and MRI compatible (i.e., no braces or
metal implants). None of the participants reported a history of neurological or psychiatric
disorders. Participants were recruited from postal code areas with average to high social
economic backgrounds. However, no direct information on social economic status (SES) was

obtained.

The participants were randomly divided into two groups matched for gender; a
Divergent Thinking training group (DT-group) and a Rule Switching training group (RS-
group). There was a small but significant difference in age between the two groups; the DT-
group was a few months younger than the RS-group (May = 15.84, SD = .11; Mgs = 16.2, SD
= .14; t3= 2.40, p= 0.02). To check for group differences in intelligence, 1Q-scores were

estimated based on two subtests from the Wechsler Intelligence Scale for Children (WISC,;



Wechsler 2004): Similarities and Digit Span. Groups did not significantly differ in 1Q-scores

(t30: 1.16, p= 26)

All participants as well as their primary caregiver signed informed consent before
participation. Participants were financially rewarded for their participation. The Medical

Ethics Committee from the Leiden University Medical Center (LUMC) approved the study.

Cognitive assessments during pretest and posttest

Participants completed a battery of tests for which some of the results are presented
elsewhere (Cousijn,et al., 2014). For this study, we examined performance on the two training
tasks during the scan session and in between scan sessions. These tasks are described in detail

below.

AU/OC-scanner task

At pretest and posttest the participants performed an adapted version of the Alternative
Uses Test (AUT; Guilford, 1967) inside the MRI scanner while neural activity was measured
(see also Kleibeuker et al. 2013b for a detailed task description). This task measures divergent
thinking in the verbal domain. The task consisted of two conditions: 1) the free-association-
related Alternative Uses (AU) condition during which participants had to think of as many
appropriate alternative and original uses of common objects as possible (i.e., use a shoe as a
baseball bat); and 2) the more general verbal-ability-related Object Characteristics (OC)
condition during which participants had to think of as many ordinary characteristics of
common objects as possible (i.e., a shoe fits on a foot). Each trial started with a 3 second
instruction screen. Then, a written item was presented in the middle of the screen for 15 s with
the text ‘Ordinary Characteristics’ or ‘Alternative Uses’ on the top of the screen during OC

and AU trials, respectively, to remind participants of the trial condition (see Figure 1).


http://journal.frontiersin.org/Journal/10.3389/fnhum.2013.00905/full#F1

Immediately after the target screen, an evaluation screen appeared for 3 s. Participants
indicated how many solutions they had found by pressing one of four buttons on a left/right
button-box that was attached to their left/right leg respectively; the left middle finger for O or
1 solution, the left index finger for 2 solutions, the right index finger for 3 solutions and the
right middle finger for 4 or more solutions. Each trial was preceded by a fixation cross that

was presented for a variable duration (1.1-7.7 s) to optimize the event.

--Figure 1 about here--

The AU/OC-scanner task consisted of 60 trials (30 alternative uses and 30 ordinary
characteristics) divided over three blocks of 8.2 minutes, during which 30 unique words were
presented (once in the AU and once in the OC condition). Two sets of 30 words were created,
matched on word length, number of syllabi, and word frequency. Participants saw different
word sets during the pretest and posttest. The order of the two word sets was counterbalanced

across participants. The total task time was 30 minutes.

The task was programmed in E-Prime (version 2.0). The performance measures for
both the AU and OC condition were the number of times within a session that participants
indicated (with button press) that they generated 0 or 1 solution, 2 solutions, 3 solutions, and
4 or more solutions. A composite fluency score was required to use as a regressor in data
analysis; this was calculated as follows: 1 * button_0/1 responses + 2 * button_ 2 + 3 *
button_3 responses and 4 * button_4 responses (see also Kleibeuker et al., 2013b). This was

calculated for each condition (AU-score and OC-score) for the pretest and the posttest



session. This composite score was correlated with the fluency score of a different AUT

administered outside of the scanner (r=.54, p<.01) (Cousijn et al., 2014).

Local Global Task (LGT)

Rule switching was assessed behaviorally at pretest and posttest after scanning with
the LGT (adapted from Huizinga et al., 2006) that was used as the active control task in the
control training condition. During the task, the target stimuli were large squares and
rectangles (global figures) consisting of small squares or rectangles (local figures).
Participants were instructed to focus on either the global or local aspect of the target shape
(i.e., square or rectangle) given the presence of a global or local cue. The global cue consisted
of a large square and rectangle presented on the left and right side of the target respectively.
The local cue consisted of a small square and rectangle presented on the sides of the target.
Participants pressed a right or left response button corresponding to the correct (global or
local) shape of the target that coincided with the cue on the left or right side of the target.
Each trial started with a 500ms presentation of the global or local cue, after which the target
stimulus appeared. Participants had 3500ms to respond to the target stimulus (see also

Huizinga et al., 2006).

The task consisted of a global and a local block (each 50 trials, presentation order
counterbalanced over participants), followed by a switch block (160 trials). From the switch
block trials, median response times (RTs) and proportion correct of local-global switch and

control trials were computed.
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Training
During the two weeks between the pretest and posttest the DT-group followed an 8-
session AUT-training and the RS-group followed an 8-session Local-Global Task switching

(LGT); both groups trained online from home.

The AUT-training task resembled the AU trials of the AU/OC-scanner task;
participants had to generate as many appropriate alternative and original uses of common
objects as possible. Nine different objects were presented during each training session. The
objects were different from the AU trials from the AU/OC-scanner task objects. Word length,
number of syllabi, and word frequency were matched across sessions. Participants were given

2 minutes to enter their solutions for each object.

The RS-training was similar to the LGT at pretest and posttest. Each training session
consisted of 8 blocks of 40 trials with self-paced breaks in-between blocks. The blocks

contained alternating global and local mini blocks of 4 trials.

An online training schedule was created with the participants and their primary
caregivers. The experimenters monitored the training progress using an online system. In case
a training session was forgotten, a text-message was sent to the participant’s cell phone to
suggest another date to catch up. If a second training session was missed, the participant was

called to discuss a new schedule. Each training session lasted approximately 20 minutes.

Four participants missed one AUT-training and two participants missed one LGT-

training. All participants completed at least 7 training sessions.

MRI data collection
A 3T MRI scanner (Philips Intera, Best, The Netherlands) with a standard whole-head

coil was used for image acquisition. Resting state fMRI data were acquired at the start of the
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pretest and posttest session. A total of 140 volumes were acquired resulting in a scan time of 5
minutes. The results from the resting state scan have been reported elsewhere (Cousijn,

Zanolie et al., 2014).

Next, participants completed three runs of the AU-OC task, each lasting 8.3 minutes,
during which 226 volumes per run were acquired. Bold signal was measured with a T2*
gradient-echo EPI sequence (TR 2.2s, TE 30ms, 38 slices, slice thickness 2.75mm, FOV
220x220mm, in-plane resolution 2.75x2.75mm,flip angle 80°, sequential slice acquisition).
The first 2 volumes of each run were discarded in order to allow for equilibration of T1
saturation effects. Finally, a high resolution T1 structural scan was acquired for anatomical
reference (T1 turbo field echo, TR 9.8ms, TE 4.6ms, 140 slices, slice thickness 1.2mm, FOV
224x178mm, in-plane resolution 0.88x0.88mm, flip angle 8°). Head motion was restricted by
using foam inserts between the head and the head coil. Visual stimuli were projected onto a

screen in the magnet bore that could be viewed through a mirror attached to the head coil.

SPM8 software (www.fil.ion.ucl.ac.uk) was used for image preprocessing and
analyses. Images were corrected for slice-time differences, followed by rigid body motion
correction. Functional volumes were spatially normalized to individual T1 scans and
subsequently to T1 templates based on MNI305 stereotaxic space (Cocosco et al., 1997) using
a 12-parameter affine transformation together with a nonlinear transformation involving
cosine base functions. Data were resampled to 3 mm cubic voxels. Functional volumes were

smoothed using an 8mm full-width half-maximum 3D Gaussian kernel.

fMRI data analyses
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SPM8 software was used for image analyses. For each participant, the functional time
series were modeled by a series of events convolved with a canonical hemodynamic response
function (HRF). Trials were modeled separately based on condition (AU or OC), with the
presentation as onset time and a duration of 15 seconds, and entered in a general linear model
along with a basic set of cosine functions to high-pass filter the data, and a covariate for run
effects. In addition, the instruction screen preceding the AU and OC trials and the evaluation

screen after trials were modeled separately (each with duration of 0 ms).

The least square parameter estimates of height of best fitting canonical HRF for each
condition were used in pairwise contrasts (AU - OC). Resulting first level contrast images,
computed on a subject-by-subject basis, were calculated for pretest (T1) and posttest (T2) data
separately. Additional images were created for activation changes from T1 to T2 for the
contrast AU - OC using the ImCalc tool in SPM8. These calculations resulted in another set of
first level contrast images ((AU12-OCr2)-(AUT1-OCr1) which will be referred to as AU>OCr,-
11). The first level contrast images were submitted to group analyses. At the group level,
contrasts between conditions were computed by performing one-tailed t-tests on these
contrasts, treating participants as a random effect, and two-sample t-tests to compare training
groups. Whole brain fMRI analyses were FWE cluster corrected for multiple comparisons at
an initial threshold of p< .001 uncorrected (following Woo et al., 2014). We further conducted
whole-brain regression analyses on the contrast AU>0OC and AU>OCr,.; to test for general
brain-behavior relations and relations between brain activation and behavioral changes,
respectively. AU-scores at T1 were entered as covariate of interest to find regions showing
general brain-behavior relations. Difference-scores (AU-scorer,.t1) Were entered as covariate
of interest to find regions showing relations between brain- and behavioral changes. We

applied the threshold of p<.001 uncorrected with at least 10 contiguous voxels to overcome
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the relatively low power inherent to analyses of individual differences/ type Il error. Results
are reported in the MNI305 stereotaxic space. Brain regions were determined based on the

SPM anatomy toolbox v1.8 (Eickhoff et al., 2005, 2006, 2007).

Region-of-interest (ROI) Analyses

Region-of-interest (ROI) analyses were performed with MarsBaR toolbox in SPM8
(Brett et al., 2002). The output ‘contrast estimates’ was used. Contrast estimates were derived

for each condition relative to baseline (i.e., OC-baseline, AU-baseline).

ROIs were analyzed to test for possible training related effects within divergent
thinking related brain regions. This ROI approach was chosen in addition to the whole-brain
analyses, because analyses at the ROI level have more power to detect smaller differences in
the task-related brain regions. These analyses included Time (pretest T1, posttest T2) and
Condition (AU, OC) as within-subject variables and Training Group (DT, RS) as between-
subjects variable. We applied repeated measures ANOVASs on ROIs derived from the contrast
AU>0C at T1. If the region spanned a large area, the region was masked using anatomical

ROls derived from the MarsBaR anatomical toolbox.

Results
Initial comparisons

Initial comparisons comprised of tests for differences between training conditions on
each of the pretest tasks using Analysis of Variance (ANOVAs) with Training as between-

subjects factor. Descriptive statistics for all measures per training condition are shown in
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Table 1. None of the measures revealed differences between the two groups (all main effects
and interaction effects: p’s > .05) showing that random assignment was successful and that

there were no differences between the two groups prior to the training.

--Table 1 about here—

Pretest to posttest changes on training tasks
AU/OC scanner task

To examine the behavioral effects of training on alternative uses (AU) and ordinary
characteristics (OC) retrieval, we examined whether the pattern of responses (button choice)
in Number Solutions (0/1, 2, 3, 4+), differed between Training Groups (DT, RS) in the two
Task Conditions (AU, OC) over Time (T1, T2) with a repeated measures ANOVA (Huynh-
Feldt estimates reported when sphericity was violated). Results are depicted in Figure 2.
Participants generated significantly more solutions for OC than AU trials (Number Solutions
x Task Condition: F(2.4, 90) = 48.77, p < .001, np2 = .62; Number Solutions: F(2.1, 90) =
4.64, p = .01, npz = .13). In addition, there was a tendency to provide fewer solutions at T2
than T1 for both AU and OC trials (Number Solutions x Time: F(3, 90) = 2.50, p = .064, npz =
.08; Number Solutions x Task Condition x Time: F(3, 90) = 2.64, p = .054, npz = .08).
Although not significant, Figure 2 also shows a marginal difference in performance change
between Training groups from T1 to T2 which appears to indicate relatively more stable
performance for the DT Training group compared to the RS Training group from T1 to T2
(Training x Time: F(1, 90) = 2.06, p = .10, np2 = .09). No other reliable Time or Training

Group differences were found (main and interaction effects, all p’s > .05).
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---Figure 2 about here---

In addition to the analyses on button choices, we investigated the Training and Time
effects on the AU-composite scores, which represent divergent thinking performances and
are, as such, applied in the fMRI analyses. To this end, we conducted a repeated measures
ANOVAs using AU-composite scores as dependent variable with Time (T1, T2) as within-
subject variable and Training Group (DT, RS) as between-subject variable. . A significant
main effect of Time (F(1,30) = 6.31, p = .02, an ~.17), and an interaction effect of Time x
Training Group (F(1,30) = 4.14, p = .05, n,° ~ .12) were found (see Figure 3). Post hoc
analyses of the interaction effect show that performance in the RS group decreased from T1 to
T2 (F(1,30) = 13.49, p < . 01, n,” ~ .47), whereas results for the DT group remained stable
(F(2,30) = .09, p = .77, an ~.01). Thus, rather than increases for the DT group, we observed
decreases for the RS group. This has also been reported in other studies on creativity in adults

(Fink et al., 2015; De Dreu, Baas and Nijstad, 2008; see discussion).

---Figure 3 about here---

LGT

To test for training related effects on LGT accuracy (% correct) and reaction times,
repeated measures ANOVAs were performed with Condition (Switch, Control) and Time (T1,
T2) as within-subject variables and Training Group (DT, RS) as between-subject variable (see

Table 1 for descriptive statistics) for reaction times and accuracy.
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For reaction times, there were main effects for Time (F(1,30) = 30.3, p< .001, npz -
.50), showing a general decrease of RTs from T1 to T2, and for Condition (F(1,30) = 38.02,
p< .001, np2 ~.56), showing longer RTs for switch relative to control trials. In addition, there
was a significant interaction effect of Time x Condition (F(1,30) = 8.23, p < .01, npz ~.22),
showing larger decreases for switch than for control trials at T2 relative to T1. No main or
interaction effects were present for Training Group (all p’s > .05). For accuracy, no significant
effects were observed for Condition or Time and no interactions with Training Group were

observed (all p’s >.05).

Analyses focusing specifically on switch trial performance were conducted with p-
values corrected for multiple comparisons. ANCOVAs with posttest performance on switch
trials as dependent variable revealed significant effects for pretest performance as covariate
(RT:F(1,29)=15.74, p<.001; accuracy: F(1,29)=12.53, pcor=.002) and a significant effect for
Training Group as between-subject factor for RT (F(1,29)=19.94, p<.001), but not accuracy
(F(1,29)=0.34, p=.57). This indicates that participants were faster and generally more accurate
on the posttest switch trials; furthermore, the RS group was significantly faster than the DT

group on posttest switch trials after correcting for pretest performance.

DT and RS training and relations
Figure 4 shows how the two training groups progressed in their respective tasks across

the eight sessions. Although there was some initial fluctuation in performance there were no
significant differences in performance between the first and last sessions. The analyses of this

data are reported in Cousijn et al. (2014).

17



To test for possible relations between AU and LGT performance, bivariate correlation
analyses were performed on AU fluency scores and LGT switch cost accuracy and RT

performances at pretest. None of the correlations were significant (all p’s > .05).

--Figure 4 about here--

fMRI results
T1 (pre-test) analyses

To extract the neural correlates of creative idea generation we conducted whole-brain
voxel-wise t-tests on activation levels for the contrast alternative uses (AU) > ordinary
characteristics (OC) across all participants (N = 32) at T1. Results revealed a number of
regions including left supramarginal gyrus (SMG), left and right middle temporal gyrus
(MTG), and left angular gyrus (AG) (see Figure 5; Table 2), which is in line with prior studies

(Kleibeuker et al, 2013b; Fink et al., 2009, 2010).

--Figure 5 about here—

---Table 2 about here—

To test for group differences in brain activation patterns during the AU/OC scanner

task at pretest, we performed whole-brain two sample t-tests on the contrasts AU>0OC. No
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significant results were observed for the contrasts AU>OC, reassuring that groups did not

differ at T1.

Test-retest stability

To determine whether the activations related to AU>OC remained relatively stable
over time after AU and RS training, we performed test-retest reliability analyses on the ROIls
derived from the T1 AU>OC contrast. To this end, we calculated IntraClass Correlation
Coefficients (ICCs) for the contrast AU>OC for all participants together as well as for the two
training groups (DT, RS) separately. Results are presented in Table 3A (all participants) and
3B (training groups separately). For regions that spanned clusters encompassing different
anatomical regions, the cluster was masked with anatomical regions from the Marsbar AAL

atlas (reported separately in Table 3).

Anatomical masking was performed for three large clusters and this resulted in the
following subclusters. Cluster 1 (-24, -39, -15) was separated in left fusiform gyrus, left
inferior temporal gyrus, and left precuneus. Cluster 2 (-51, -66, 3) was separated in left middle
temporal gyrus, left angular gyrus, and left occipital gyrus. Cluster 3 (57, -66, 15) was masked
with right middle temporal gyrus. Three other clusters that were active in this contrast fell
within anatomical boundaries and were therefore not masked. These included the left medial
superior frontal gyrus (-3, 63, 18), left supramarginal gyrus (-63, -27, 36) and parahippcampal

gyrus (21, -48, 9) (see Figure 5b).
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Across all participants, ICCs ranged from 0 to .65 with highest correlations for the
right MTG (ICC = .60, p =.006), left AG (ICC = .65, p =.003), and left SMG (ICC = .64, p =

.003).

--Table 3 about here--

T2>T1 analyses

Our analyses on brain activation training effects were twofold. First, whole-brain
analyses were applied on the T2>T1 contrast images for the contrasts AU>0C and OC>AU.
No significant results were observed for the contrasts AU>OC or for the opposite contrast
OC>AU. Possibly, with the current threshold and testing across the whole brain results in

underpowe