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CHAPTER 6

Cognitive control of convergent and divergent thinking:
A control-state approach to human creativity

Hommel B., Akbari Chermahini, S., van den Wildenberg, WIR. & Colzato, L.S.
(submitted). Cognitive control of convergent andsetlgent thinking: A control-state

approach to human creativity.
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ABSTRACT

Five experiments sought to characterize the cognitontrol states driving convergent
and divergent thinking. The creativity tasks serasdprimes that were expected to exert
specific effects on cognitive control in other, ellated probe tasks. Experiments 1-3 showed
that convergent-thinking primes made conflict reioh in a global-local task, a semantic
Stroop and a Simon task more efficient than divetrgieinking primes. Experiment 4
showed no relation between either prime task aop-signal performance, thus ruling out
contributions of inhibitory processes to the prigieffect. Experiment 5 showed that
divergent-thinking primes improved performance im Attentional-Blink task. Findings
suggest that convergent thinking induces a costaté that emphasizes the top-down biasing
of creative solutions and/or local competition bedw them, whereas divergent thinking is

associated with reduced top-down control and/calloompetition.
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INTRODUCTION

Even though creativity is arguably the most impartaleterminant of mankind’s
intellectual evolution, surprisingly little is knewabout how creativity actually works
(Sternberg, Kaufman & Pretz, 2002). One importdogtacle on the way to a systematic
investigation of the mechanics of creativity resuitom disagreements regarding how to
define the research question: should one aim ttagxpow creative products emerge, how
more creative people differ from less creative omeswvhich processes are involved in the
creative act (see Brown, 1989; Runco, 2007)? Thyesstions are further complicated by
increasing evidence suggesting that creative atyson the interplay of multiple cognitive
processes and neural networks (e.g., Dietrich, 2@¥enck, 1993; Heilman, 2005). To
tackle some of these problems and avoid othergrisent study considered creativity not as
atrait that a given person may or may not have but, ratsea particular type of behavior
that emerges from a particulstate(or a set of states) of the cognitive system dfigicts the
way cognitive operations are run. Processes thatat directly involved in information
processing but that target other processes are oatgnthought of as control processes
(Monsell, 1996), which renders our account a cdvgtate approach to creativity.

According to Guilford (1950, 1967), the main ingexds of creativity are divergent and
convergent thinking, even though we do not claiat these are the only processes involved
in creative acts. Divergent thinking is taken tpresent a style of thinking that allows many
new ideas being generated, in a context where ri@me one solution is correct. The
probably best example is a brainstorming sessiticiwhas the aim of generating as many
ideas on a particular issue as possible. Guilfo{d%67) Alternate Uses Task (AUT) to
assess the productivity of divergent thinking feléothe same scenario: participants are
presented with a particular object, such as a aed,they are to generate as many possible
uses of this object as possible. In contrast, cgerd thinking is considered a process of
generating one possible solution to a particulablam. It emphasizes speed and relies on
high accuracy and logic. Mednick’s (1962) Remotesdtsates Task (RAT) that aims to
assess convergent thinking fits with this profilgarticipants are presented with three

unrelated words, such as “time”, “hair’, and “sttét and are to identify the common
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associate (“long”). It makes sense to assume thatgent and convergent thinking are basic
ingredients of many, if not all truly creative gctghich often comprise of a search for
possibilities and options followed by the translatiof the preferred option into reality

(Hommel, in press).

inhibitor
goal bitory
system
competition direct
bias (1) (3) inhibition
(2)
competition

Figure 1: Possible mechanisms involved in selecting a gelated target representation (of a
perceptual or action event, or a thought) fromtaosevo competing alternatives. The target A might
win the competition with an alternative B becauge:is selectively supported by the goal
representation through a facilitatory connectionyt 1: competition bias); A receives other types o
associative support that suffices to outcompetB&ufe 2: local competition); B is directly inhilite

through some inhibitory control system (Route 8ecli inhibition).

Let us now consider the cognitive control statest tlvould allow or be useful for
divergent and convergent thinking. According to Zaob et al. (2008), the selection of

stimulus or response representations (or thoughkts) our case) can be controlled or biased
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in at least two different ways. Figure 1 sketches gituation where a decision needs to be
made between alternative A (the “correct” or mggirapriate alternative) and the competing
alternative B. The competition between the two ralieves is represented by mutually
inhibitory connections between their representatiaiiRoute 2), which captures the
assumption that decision-making in biological syseis competitive (Bogacz, 2007).
Competition is likely to yield winners and losess, that it can be considered as a control
mechanism that eventually will favor one alternatawer others. Another, not necessarily
exclusive way to facilitate the selection of thepmgpriate alternative is indicated in the
figure as Route 1: The preferred alternative migkteive top-down support from the
representation of the action goal. This contrahtsyy is underlying the biased-competition
approach of Duncan, Humphreys, and Ward (1997)ctmdlict-resolution model of Cohen
and colleagues (Botvinick, Braver, Barch, Carter Gbhen, 2001; Cohen, Dunbar &
McClelland, 1990), the task-switching model of @itband Shallice (2002), and many other
control models.

As we assume that control states are affectingmne control is exerted, there are two
major ways to modulate the processes captured daré&il. First, a control state might
modulate the strength of top-down bias (Route 1), #imus, increase or decrease the degree
to which the goal representation supports one ratere in its competition with others.
Second, a control state might modulate the streoftimutual local inhibition between
alternatives (Route 2) and, thus, the degree tehlwbompetitors “suffer” from the support
and selection of another alternatfve.

Convergent thinking would seem to benefit fromrarsg degree of goal-directedness that
is steering and efficiently constraining the sedahthe right concept or idea. This implies
reliance on Route 1 and, hence, on a strong toprdmas of decision-making. Duncan,
Emslie, Williams, Johnson, and Freer (1996) hawvggsested that individuals differ with
respect to the degree to which they can providat éeast maintain such a top-down bias. In

particular, they have claimed, and provided evidetat Spearman’s g, a measure of fluid

2 Some authors have pleaded for what in Figure ihdiated as Route 3: the inhibition of

unwanted alternatives. We will introduce and furttiscuss this possibility in Experiment 4.
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intelligence, is positively correlated with perfante on a task that requires participants to
maintain top-down biases over time. This fits witile observation that performance on
convergent-thinking tasks is positively correlateith fluid intelligence (Akbari Chermahini

& Hommel, 2010).

In contrast, divergent thinking would not seem &mdfit from strong top-down control
but, if anything, from rather weak and “allowingip-down guidance. Moreover, efficient
divergent thinking would seem to require jumpingnfr one option to another, which
suggests that the mutual inhibition between altdreahoughts should be weak. This kind of
control state seems to be consistent with a numbgrevious assumptions and recent
findings. For instance, Eysenck (1993) has reldterl divergent aspect of creativity to
schizophrenia and suggested that schizophrenientatiand healthy creative individuals
share a certain lack of constraints and inhibiiiortheir thinking. Indeed, several authors
since Bleuler (1978) have characterized schizoptsesis showing a kind of “widening of
the associative horizon” (Eysenck, 1993). Along siaene lines, Ashby, Isen, and Turken
(1999) have associated higher dopamine levelsqdsetfound in schizophrenic patients)
with greater cognitive flexibility and less inhildh between alternative thoughts (cf., Cohen
& Servan-Schreiber, 1992). In healthy participantsyriers of the DRD2 TAQ IA
polymorphism (which results in a 30-40% reductiorDiA-D2 receptor density—a receptor
that drives inhibitory processes) were shown tdgoer significantly better in a divergent-
thinking task (Reuter, Roth, Holve, & Hennig, 2006)

These considerations suggest that the convergedteigergent-thinking components of
human creativity imply two different, to at leasinse degree opposite cognitive-control
states that facilitate or even generate the relsetttinking style. In particular, convergent
thinking seems to require either strong top-downti@d or strong local competition, or both,
whereas divergent thinking seems to call for wea-down control and/or weak local
competition. The aim of the present study was wkder evidence, if possible, for the
existence of these two types of control states fandheir hypothesized relationship with
particular thinking styles. Our general rationalaswo characterize the hypothetical control
states by studying the way they are affecting (sujppy or interfering with) cognitive
control in nominally and logically unrelated tagksit are known to require particular types

of control.
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The rationale underlying our empirical approach wesed on the widely shared
assumption that control states are inert and tberethanging slowly, especially in the
absence of a pressing need for change. From aetiwdrperspective, this is suggested by
the assumption that control states (or meta-paemsieDoya, 2002) are globally represented
and affecting the entire cognitive system (Baar@88l James, 1890; Monsell, 1996).
Empirical support for this idea has been providgdMemelink and Hommel (2005, 2006),
who showed that the attentional relevance of hatedosersus vertical spatial relationships in
one task affects the relative weighting of horizbrind vertical stimulus and response codes
in a logically unrelated but temporally overlappistgmulus-response compatibility task. In
other words, the attentional set in one task autiocally affects the attentional set in another.
A similar observation has been made by Meiran, Hemmibi, and Lev (2002). They had
participants carry out sequences of “ready” respsr($o signal that they were optimally
prepared) and choice-reaction responses, and temysfound positive (rather than the
expected negative) correlations between the latdsrfor these two types of responses. This
suggests that participants’ speed-accuracy settingsiate spontaneously during a task and
they do so sufficiently slowly to impact temporatipse responses in the same way.

If performing a convergent- or divergent-thinkirggk requires establishing a particular
control state, and if this state is relatively treso the idea underlying our study—it is likely
to spill over to and thus affect other, logicallyrelated but temporally close tasks. If so, the
characteristics of the control state adopted imptieeeding thinking task (th@iming task as
we will call it) should become visible through thay performance in the following task (the
probe task changes as a function of the type of the printask. If the probe task can be
expected to require strong top-down control andftwong local competition—as many
laboratory tasks do—performance thereon shouldetkerif being primed by a convergent-
thinking than a divergent-thinking task. In thesfirthree experiments, we applied this
reasoning to several tasks that can be assumeqb wifferent processes in the information-
processing chain from perception to action. A fowekperiment tested whether the priming
effects obtained in Experiments 1-3 are likely eéflact inhibitory processes. Finally, a fifth
experiment included a probe task that is likel\o&mefit more from a weaker form of top-
down control and/or local competition, so that parfance thereon was expected to be better

if being primed by a divergent-thinking than a cergent-thinking task.
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EXPERIMENT 1 (GLOBAL-LOCAL TASK)

The first experiment considered the global-locaktdeveloped by Navon (1977) as a
probe task. As Navon and others have shown, peocafte attend different levels of
hierarchical stimuli, such as large letters madesrofller letters. Attending to the global
aspect of such stimuli is commonly easier and pertmaore natural, as can be seen in faster
reaction times and/or more accurate performancesponse to global than to local stimulus
features (the global-precedence effect; Navon, 19MNevertheless, people can be
successfully instructed to attend to the local lleage well, suggesting that the hierarchical
level to which attention is being directed is undegnitive control. Indeed, the cognitive
control model of Logan and Gordon (2001) foresegmidicular control parameter that is
assumed to regulate the currently attended stimenes.

Maintaining a particular control parameter valuestate in the face of stimuli that are
open to multiple interpretations can be assumedIyoon, or at least encourage the adoption
of a control strategy that relies on strong top-dasupport of decision-making (Route 1)
and/or strong local competition (Route 2) to renter alternative interpretations mutually
exclusive. If so, one would expect that a convetgeinking task as a prime facilitates, or is
at least more compatible with the natural modepafration. In contrast, a divergent-thinking
task as a prime would be incompatible with thisureltmode and should therefore make it
less efficient. If we assume that the differencep@rformance between responding to the
global versus local stimulus level expresses thedity to overrule the natural tendency to
attend to the global level, we would thus expedt tthis difference is smaller with a

convergent-thinking prime than with a divergentating prime.
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Method

Participants

Nineteen young healthy adults served as subjectpdiial fulfilment of course credit.
Informed consent was obtained from all participaatier the nature of the study were
explained to them. The protocol was approved by ldoal ethical committee (Leiden

University, Faculty of Social and Behavioral Sciesic

Apparatusand stimuli

The experiment was controlled by a Switch compattached to a Philips 17" monitor.
Responses were made by pressing the “Z” or “?hefQWERTY computer keyboard with
the left and right index finger, respectively. Tiaeget stimuli were adopted from Huizinga,
Dolan, and van der Molen (2006), and consisted edngetric figures (see Figure 2)
presented in red on a black screen. Larger (glaleafangles/squares consisted of smaller
(local) rectangles or squares. Global stimuli (sguares or rectangles; 93 x 93 pixels or 93 x
189 pixels respectively) were composed of many kemélocal” stimuli (i.e., squares or
rectangles; 21 x 21 pixels or 8 x 46 pixels redpebt). The space between the local
elements of a stimulus was 3 pixels. A global sguansisted of 16 small squares or 8 small
rectangles; a global rectangle consisted of 32 Isstplares or 16 small rectangles. The
experiment was composed by 3 practice and 3 expatah blocks. Convergent and
divergent conditions were created by presentingiggaants with two paper and pencil

creativity tasks (a convergent thinking task amiva@rgent thinking task).
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local cue

400 - —
600 ms
[ local target
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1100 ms
global cue

global target
(press left)

Figure2: Sequence of events in Experiment 1.

Procedure and Design

Participants served in two 50-min sessions sephiayeone week. In one session they
constantly switched between performing the Rematsoaiation Task (based on Mednick,
1962, and translated into Dutch) for two minutesniduce convergent thinking (the prime
task) and completing a block of the global-locak&dopted from Huizinga et al. (2006; see
below) as probe task. In the other session thegtaatly switched between carrying out the
Alternative Use Task (Guilford, 1967) for two miestto induce divergent thinking (the
prime task) and performing a block of the globalaloprobe task. Given that the experiment
was composed by three practice and three experanblacks, participants were to switch
between the prime and the probe task six timesession.The order of these two types of
sessions was counterbalanced across participants.
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Remote Association Task (convergent thinking)

In this task, participants are presented with thneelated words (such as time, hair, and
stretch) and are asked to find a common assodatg)( Our Dutch version comprised of 30
items (Cronbach’s alpha = .85; see Akbari ChermahiHommel, 2011), which were to be

responded to within 10 min.

Alternate Uses Task (divergent thinking)

In this task, participants were asked to list amynpossible uses for six common
household items (brick, shoe, newspaper, pen, tdvatile) as they can within 10 min. The
results can be scored in several ways with flexyhithe number of different categories used,
being the most consistent and reliable (Akbari @tadtini & Hommel, 2010).

Global-Local Task

In this task, participants responded to randomlgsented rectangles or squares by
pressing a left or right response button, respelstiv Three blocks of trials were
administered, two training blocks in which the rstion (global or local) was constant
across all trials followed by the experimental Blat which participants switch between the
global and the local task—a condition that increabke global-local effect. In one of the two
training blocks, participants responded to the lldagures and in the other block they
responded to the global figure. The order of ttening blocks was randomized across
participants and each block consisted of 80 trimshe third block participants alternated
between predictable sequences of four “local” and fglobal” trials (90 practice trials and
150 to-be-analyzed experimental trials). A cuecdatikd to which dimension (global or local)
the participants should respond. Cues that relatélde global (local) dimension consisted of
a big (small) square, presented at one side dfattget stimulus, and a big (small) rectangle,
presented at the other side of the target stim@us. and target remained on the screen until
a response was given or 3500 ms had passed. Thaartierval between presentation of the
cue and of the target stimulus was 500 ms andrifteevial between responses and the next
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presentation of the cue was 1000 ms. Participaete W respond as fast as possible while

avoiding errors.

Results

Performance in the two priming tasks was good amdparable to performance in other
studies (e.g., Akbari Chermahini & Hommel, 2010artReipants produced about 15 correct
responses on average in the Remote Association (Mxsk4.8 andSD=4.5) and used about
33 different categories in the Alternate Uses Té4k33.3 andSD=10.0).

Mean RTs and proportions of errors from the gldbe&l task were analyzed as a
function of priming task (convergent vs. divergémnking), target level (global vs. local),
congruency between the stimuli on the two levelsngtuent vs. incongruent), and task
switch (i.e., same vs. different target level apri@vious trial: task repetition vs. alternation).
Four-way ANOVAs for dependent measures were ruRds and error rates.

RTs revealed three reliable main effects: The efféswitch, F(1,18)=91.56p<.0001,
MSE = 1531.265°p = 0.84, was due to that repeating the task aliofwe faster responding
than switching between target levels (346 vs. 389); nthe effect of target level,
F(1,18)=85.15,p<.0001, MSE = 1533.824%p = 0.83, reflected the well-known global-
precedence effect (Navon, 1977), that is, fasteparses to globally than locally defined
targets (347 vs. 388 ms); and the congruency efted, 18)=36.66,p<.0001, MSE =
1301.124%p = 0.67, indicated interference from the non-tatgeel, that is, faster responses
if the stimulus at the currently irrelevant levehsvcongruent with the present target than if
that stimulus was incongruent (355 vs. 380 ms).

More important for present purposes, priming taskeracted with target level,
F(1,18)=7.54,p<.05, MSE = 1301.124°p = 0.30. As suggested by Figure 3, the effect of
target level was reliable for both convergent andemjent conditions,F(1,18)=42.58,
p<.0001, MSE = 962.00;%p = 0.70, and~(1,18)=72.18p<.0001, MSE = 1320.33;°p =
0.80, respectively, but, as predicted, the glolvafguence effect was reduced in the context

of convergent thinking.
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The error rates revealed no interactions but thram effects only: switch;(1,18)=9.00,
p<.01, MSE = 54.19%p = 0.33, indicating that repeating the task preduiess errors than
switching between target levels (8.5% vs. 11.1%jget level F(1,18)=25.30,p<.0001,
MSE = 89.32,5°p = 0.53, showing more errors to globally than lycdefined targets
(12.58% vs. 7.13%); and congruen&yl,18)=70.73p<.0001, MSE = 104.83;%p = 0.79,
reflecting the interference of the irrelevant targeel, as indicated by a smaller proportion

of errors on congruent as compared to incongrues (4.9% vs. 14.8%).
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Figure 3: Mean reaction times and error percentages in fiireat 1, as a function of reported

stimulus level (global vs. local) and priming tgsknvergent vs. divergent thinking).
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Discussion

We expected that the cognitive-control state rexguior convergent thinking would be
more consistent with maintaining a less dominaténéibnal set than the state required for
divergent thinking. If so, one would expect thae tglobal precedence effect (i.e., the
performance benefit associated with responses dbafjlas compared to local stimulus
features) is less pronounced after having performednvergent-thinking task than after a
divergent-thinking task. This is exactly what thadfngs show. As one would expect,
performance on the easier and more natural gl@si is unaffected by the priming task,
whereas the more challenging local task, whichasentikely to draw and depend on control
processes, yields better performance if being mgitmethe convergent-thinking than by the
divergent-thinking task.

A somewhat unexpected outcome is the inverted Gloemedence effect in the error
rates, suggesting better performance in the lasl. timportantly, however, this is a mere

main effect that cannot account for the cruciatiattion observed in the RTSs.

EXPERIMENT 2 (STROOP TASK)

Even though the global-local task draws on cogaitentrol, it is a task that taps into
rather “early” attentional operations on (the omtes of) perceptual organization processes.
Our next step was to see whether interactions legtweeativity tasks and cognitive control
can also be found for attentional control procesgasrating on somewhat more abstract
stimulus representations. A perhaps obvious chioi¢kis context is the Stroop task, which
requires participants to respond to the color dbreal color words—the less familiar and
less overlearned response. Since the seminal stfuSyroop (1935) it is known that people
perform better in this task if they are presenteth wongruent stimuli, such as the word
BLUE in blue ink, than with incongruent stimuli,duas the word GREEN in blue ink (for
an overview, see MacLeod, 1991).

Researchers and available models agree that tbhepSéaffect is due to some sort of
conflict between color- and word-related codes,chlgalls upon cognitive control to solve it
(Cohen et al., 1990). Indeed, given that the stusalffords different and conflicting types of
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responding, people need to rely on the representaiid top-down impact of the instructed
action goal to name the color of the stimuli. Hoeevesearchers and models do not agree
on which kinds of codes are involved in, and resgaa for the conflict: suggestions range
from perceptual (e.g., Kornblum, 1994) and semaotides (Seymour, 1977) to response
representations (Dyer, 1973), often driven by theesalistic assumption that phenomena as
complex as the Stroop effect must have no more @dharfunctional locus. To make sure that
we are tapping conflict between codes that ardyfaibstract, we therefore employed a
semantic version of the Stroop task that was dpeeldy Klein (1964).

As Klein demonstrated, color-naming responses atenly delayed if they refer to the
ink of incongruent color words but also if theyeeto color associates, such as the words
“frog” (associated with green), “sun” (associatedhwyellow), or “fire” (associated with
red). Even though this version has the disadvarwégeoducing a smaller congruency effect
than the standard Stroop task, it rules out theipiisy that the conflict takes place between
perceptual codes—as was the case in Experimentricd{d Experiment 2 was likely to target
a different control domain than Experiment 1 digvirtheless, our predictions were similar.
If successful performance in the Stroop task regustrong top-down guidance from the task
goal, this control state should be more compatvald the control state established in a
convergent-thinking task If so, the Stroop effed.( the difference between performance on
congruent and incongruent Stroop stimuli) shouldimaller for convergent-thinking primes

than for divergent-thinking primes.

Method

Twenty new young healthy adults served as subjectgpartial fulfillment of course
credit. They satisfied the same criteria as in Expent 1. Convergent- and divergent-
thinking prime conditions were created as in Expernt 1, the procedure was analogous
(except that the global-local task was replacedhay Stroop task), and the apparatus was
identical.

In the Stroop task, participants responded to wellblue, green, and red words by
pressing the “Z”, “X”, “>" or “?” buttons of the QWRTY computer keyboard, respectively.
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Eight Dutch color-associates served as (irrelevaotd stimuli: “boom” (tree), “zee” (sea),
“zon” (sun), “citroen” (lemon), “gras” (grass), ‘tat” (sky), “bloed” (blood), and “vuur”
(fire), presented on the black background of thenmater screen. The words appeared in
either their semantically implied color (50% congmtitrials; e.g., the wordloedin red ink)

or in a semantically unrelated color (50% incongtueials; e.g., the wortloed in green
ink). The Stroop task took about 10 min, in whidrtjzipants were asked to respond to the
color of the 144 randomly presented color wordslevignoring word meanings. The target
remained on the screen until a response was givering inter stimulus intervals a white
fixation cross stayed on the black screen. Thevatdetween presentation of the cue and of
the target stimulus was 500 ms. The Stroop taskomagposed of two experimental blocks,
so that participants were to switch between then@rand the probe task two times per

session.

Results and Discussion

Performance in the Remote Association Tak7{.4 andSD=3.5) and the Alternate
Uses Task NI=13.2 andSD=4.2) was good; the lower absolute scores as cadptr
Experiment 1 reflected the fact that participardd bnly 2 instead of 6 2-minute intervals to
complete the creativity tasks. Mean RTs and progastof errors from the Stroop task were
analyzed as a function of priming task (convergentdivergent thinking) and congruency
(congruent vs. incongruent). Two-way ANOVAs werenran RTs and error rates. RTs
revealed a reliable main effect for congruerfefl,, 19)=13.23p<0.01,MSE = 3923.5,°%p =
0.41, that is, faster responses to congruent (588 than incongruent stimuli (602 ms).
Importantly, this Stroop-like effect was modifie¢ priming task,F(1,19)= 4.48,p<0.05
MSE = 1206.6,7°p = 0.19. As suggested by Figure 4, congruency \eliabie for both
convergent and divergent conditions but, as predjdhis Stroop-like effect was smaller for
the convergent-thinking than for the divergent-kimg prime The analysis of the error rates
revealed no significant effect. This outcome suggpour assumption that the control state
implemented in the convergent-thinking task wasenmmpatible with the control state that
is functional for performing the Stroop task thdre tcontrol state implemented in the

divergent-thinking task was.
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Figure 4: Mean reaction times and error percentages in fiireat 2, as a function of the
relationship between named color and the meanitigeo$timulus word (congruent vs. incongruent)

and priming task (convergent vs. divergent thinking

EXPERIMENT 3 (SIMON TASK)

The outcome of Experiment 2 suggests that the cbstate-compatibility effect
observed in a perceptual-conflict task in Experitrieigeneralizes to tasks that are likely to
involve semantic conflicts. In Experiment 3 we wentby testing whether the same pattern

of results can also be demonstrated in a taskt#ipat into response conflict. The arguably
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purest assessment of response conflict is repesdytthe Simon task (cf., Hommel, 2011).
In this task, participants respond to a non-spdgature of commonly visual stimuli by
pressing left and right response buttons. Impdstatihe location of the stimulus varies
randomly and is thus sometimes corresponding wighldcation of the correct response (the
compatible condition) and sometimes not (the incatibfe condition). As one might expect,
performance is better with compatible than witroimpatible relationships between stimulus
location and response—the Simon effect (Simon & IEM&69). Given that this task does
not include any congruency or incongruency betwienstimulus features (i.e., the non-
spatial feature, such as color, and the spatialtiog), the Simon effect can be taken as a
pure measure of response conflict (Hommel, 201InKlam, Hasbroucq & Osman, 1990).
Even though the type of conflict is likely to beffdrent from the effects studied in
Experiments 1 and 2, it makes sense to assumehihauccessfully performing the Simon
task relies on a similar type of top-down suppdrthe relevant stimulus feature as we have
assumed for the global-local task and the Strogg. tAccordingly, we expected that the

Simon effect would be smaller if being primed bgosmvergent-thinking task.

Method

Nineteen new young healthy adults served as subfjectpartial fulfillment of course
credit. The method was as in Experiment 1 excegitttie global-local task was replaced by
the Simon task.

In the Simon task, a small (.5 x .5 cm) dark-gregtion square stayed at the center of
the screen. The target stimulus was either a goeenblue circle (1.5 cm in diameter) that
appeared left or right of fixation. Circle colordalocation varied randomly but equiprobably.
Responses were made by pressing the “Z” or “?"dmstion the computer keyboard with the
left or right index finger, respectively.

Participants made speeded discriminative respottséke color of the circle, which
stayed on screen until a response was given or b®Cad passed. Intervals between
subsequent stimuli varied randomly but equiprobabtym 1750-2250 ms in steps of 100
ms. Participants were asked to ignore the locatibthe stimulus and to react as fast as
possible while keeping error rates below 15% onrayes feedback was provided at the end
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of a trial block. The task consisted of 60 practitas (practice block) and 300 experimental
trials (5 experimental blocks), and took about 6.0 complete. Participants were thus to

switch between the prime and the probe task sigdiper session.

Results and Discussion

Participants showed good performance in the Resseciation TaskNI=7.7 andSD=
2.9) and the Alternate Uses Task=33 andSD=7.04). Mean RTs and proportions of errors
from the Simon task were analyzed as a functioprmhing task (convergent vs. divergent
thinking) and compatibility (compatible vs. incontipte). There was reliable main effect of
compatibility in RTs)F(1,18)=227.95p<0.001, MSE = 23207.49°p = 0.42, showing faster
responses in compatible than incompatible conditigd46 vs. 381 ms). Importantly,
compatibility interacted with priming task(1, 18)= 8.14p=0.011, MSE = 145.84;%p =
0.31. While the compatibility was reliable for bdipes of priming, the Simon effect was
reduced by the convergent-thinking prime (see Edb)y. The analysis of the error rates
revealed no significant effect. We can thus coreltidat the control-state-compatibility

effect obtained in Experiments 1 and 2 generali@aestask tapping into response conflict.

EXPERIMENT 4 (STOP-SIGNAL TASK)

The results from Experiments 1-3 suggest that th&rol states that creativity tasks
induce exert specific effects on logically unretht@boratory tasks in which perceptual,
semantic, or response conflicts are to be resoledording to our theoretical reasoning,
these conflicts reflect competition between thenitdge representations of stimulus events
and/or actions, which needs to be resolved by fjgthie interaction in such a way that goal-
compatible representations are strengthened aneffdihe winning the competition. The role
of a suitable control state in this scenario wdagdo provide a configuration of the cognitive
system that maximizes this bias, be it throughngfiiteening the competition bias or local

competition or both.

133



390

380 +
0
£ 370 1
£
0
g
= 360
5 —@— Convergent
B —O— Divergent
©
T 350
o

340 +

330 T T
0 14
o 124
w10 4
o
% o
5 o
S
g ]

2 T T
Compatible Incompatible

Stimulus-Response Relation

Figure5: Mean reaction times and error percentages in fiireat 3, as a function of the
relationship between stimulus location and resptocsgion (compatible vs. incompatible) and
priming task (convergent vs. divergent thinking).

An alternative scenario is possible however. Vaiauthors since Freud (1896) have
emphasized the importance of inhibitory processesegulating intentional behavior. In
particular, researchers have considered the dimbditition of response representations as a
possible alternative or addition to competitionseis (e.g., Harnishfeger, 1995; Ridderinkhof,
2002)—as indicated as Route 3 in Figure 1. Wittarddo the present Experiments 1-3, one
might therefore argue that good performance irgtbbal-local task, the Stroop task, and the
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Simon task did not benefit from the convergentkimg prime task because it had induced
stronger competition bias or local competition bather, because it had strengthened some
sort of inhibitory control. More inhibition mightave selectively operated on and weakened
global representations in the local task, wordesentations in the Stroop task, and location
representations in the Simon task. It is ofteni@iff to rule out such a possibility because
direct inhibition on the one hand and the interplstween competition bias and local
competition on the other can mimic each other'sotsf (Colzato et al., 2008): many effects
related to the control of inter-representationaiftict can be alternatively modeled by either
increasing the impact of Route 3 or by increasihmggstrength of both Route 1 and Route 2.

In Experiment 4 we tackled this problem by usingrabe task that is arguably the most
reliable tool to tap into inhibitory control: théop-signal task developed by Logan and
Cowan (1984). In this task, participants are fpstmpted to execute a response but then,
briefly before this response is executed, presemtéd a stop signal calling for the
immediate abortion of that response. Systematicatying the time interval between the go
signal and the following stop signal allows one#dculate the so-called stop-signal reaction
time (SSRT), which represents an estimation ofptleeessing time needed to stop execution
just in time. Several observations have validatesl assumption that this task taps into
inhibitory control. For instance, SSRTs are eledatevarious groups that are known to have
difficulties inhibiting motor activity and/or unwéed actions, such as patients suffering from
Parkinson’s disease (Gauggel, Rieger & Feghoff, 428 diagnosed with ADHD (for a
recent review see, Alderson, Rapport & Kofler, 20@nd cocaine users (Colzato, van den
Wildenberg & Hommel, 2007). If the task-priming effs obtained in Experiments 1-3
would reflect inhibitory-control processes, we shdotind comparable priming effects on
SSRT in the stop signal task. In particular, SSRAsuld be faster (i.e., inhibition more
efficient) if being primed by a convergent-thinkitagk than by a divergent-thinking task. In
contrast, no such effect would be expected if ttevipus priming effects were due to the

stronger competition bias and/or local competitimduced by the convergent-thinking task.
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Method

Twenty new young healthy adults served as subjectgpartial fulfillment of course
credit. The method was as in Experiment 1 excegitttie global-local task was replaced by
the stop-signal task.In the stop-signal task (aetbgtom Colzato et al., 2007), responses
were made by pressing the “Z” or “?” of the QWER&dmputer keyboard with the left and
right index finger, respectively. Participants weraeact quickly and accurately by pressing
the left and right key in response to the directba pseudo-randomly left- or right-pointing
green arrow (go trials) of about 3.5 X 2.0 cm. Avsoappeared for 1500 ms or until a
response was given. Intervals between subsequentsigmals varied randomly but
equiprobably, from 1250 to 1750 ms in steps of @5 During these interstimulus intervals,
a white fixation point (3 mm in diameter) stayedtbe screen. The green arrow changed to
red on 30 % of the trials, upon which the choicgpomse had to be aborted (stop trials). A
staircase-tracking procedure dynamically adjustesl delay between the onset of the go
signal and the onset of the stop signal to comttwbition probability (Levitt, 1971). After a
successfully inhibited stop trial, the next stogrsil delay increased by 50 ms, whereas the
delay decreased by 50 ms after the participantwnable to stop. This algorithm ensured
that motor actions were successfully inhibited bowt half of the stop trials, which yielded
accurate estimates of SSRT and compensates foerafiffes in choice RT between
participants (Band, van der Molen &Logan, 2003)e Task consisted of five blocks of 104
trials each, the first of which served as a prachiock to obtain stable performance, and it
took about 30 min. to complete. Participants theseato switch between the prime and the

probe task five times per session.

Results and Discussion

Participants showed good performance in the RerAssociation TaskN=11.8 and
SD=2.7) and the Alternate Uses Tad¥=23.8 andSD=6.2). T-tests of mean RTs to go-
signals indicated almost identical levels of parfance in convergent and divergent sessions
(389 vs. 386 ms, respectively), p>.66. More impuita the same was true for SSRTs (205
vs. 207 ms), p>7.7
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The outcome does not provide any support for tlseraption that inhibitory processes
were responsible for the beneficial impact of coingtates related to convergent thinking on
performance in the global-local task, the Strogktand the Simon task—at least as far as
these processes are captured by the stop-sigkaBasn though this conclusion is based on
a null effect and needs thus be treated with tleessary caution, it is consistent with the
assumption that the task-priming effects observedhe present Experiments 1-3 reflect
commonalities between prime and probe tasks in geph Route-1 and/or Route-2
mechanisms but not Route-3 mechanisms.

EXPERIMEINT 5 (ATTENTIONAL BLINK)

Experiments 1-3 provided evidence that creativéisks and, as we assume, the control
states they require have a systematic impact osesuient conflict tasks. However, all three
demonstrations of such priming effects followed th@me pattern in showing better
performance after a convergent-thinking task. Gndhe hand, this makes sense given that
most laboratory tasks targeting cognitive controlcesses were designed to study the impact
of goals and intentions on cognitive processingenqessure, that is, under conditions that
are challenging the maintenance of goals and ientor their translation into overt
behavior. Accordingly, it is not surprising thatrfpemance in these tasks benefits from
control states that, as we argue in the case afergent thinking, make the top-down biasing
of cognitive processing and/or the exclusivenesgeofsion-making more efficient.

On the other hand, however, the observation thatergent thinking turned out to be the
better prime in all the conflict tasks we investeghraises the possibility that other, less
specific factors might have played a role. FortalyatExperiment 4 provided evidence that
the convergent-thinking task does not improve perémce in every possible task or
measure, which rules out general factors like natiton, task difficulty, and effort
consumption. The same conclusion is suggested dyliservation that the priming task
failed to produce a main effect on performance ny af the other probe tasks as well.
However, it is possible that conflict-related maasy such as the global-local effect, the
Stroop and the Simon effect, are more sensitive ih#éhe general performance level, so that
it is difficult to rule out that the positive impaof convergent thinking on subsequent
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performance is less specific than we suggest. Siggestion would gain credibility it the
opposite pattern could also be demonstrated, thatifiit could be shown that task
performance can also benefit from divergent thigkin principle. Experiment 5 was
designed to provide such a demonstration, if ptessib

As we have alluded to already, most tasks thatasemed to tap into cognitive control
processes follow the strategy suggested by Ach5t99resumably the first to investigate
the human will experimentally—to put the task goabpposition to one’s habits, such as the
tendency to respond to the global shape or locatidvisual objects, or to read words rather
than naming their color. Only if our will to exeeuthe task goal can overcome these
opposing habits, so the idea, can we be sure #@nirmance measures are actually reflecting
the operation of the will—or of cognitive contrals we now call it. Accordingly, the degree
to which opposing habits can be overcome providekrect measure of willpower (Ach,
1910) or, in more modern terms, of the efficien€gagnitive control. From this perspective,
any increase of top-down control would be expettesnprove performance, which makes
many laboratory tasks less promising candidatesd@&monstrating a beneficial priming
effect of divergent thinking. And yet, there is omiglely used task that has been suspected to
suffer from too much cognitive control: the Attemtal Blink (AB) task (Raymond, Shapiro
& Arnell, 1992).

The AB is observed if two difficult to identify tget stimuli appear in close temporal
proximity, such as in tasks using rapid serial @iquresentation techniques. Whereas the first
target (T1) is commonly easy to report accurategrformance on the second target (T2) is
often dramatically impaired if it follows T1 withiB00-500 ms. Most researchers agree that
the AB reflects some sort of attentional bottlendlcit prevents the consolidation of T2
while T1 is being processed, so that T2 is regestdyut forgotten before it can be reported
(cf. Hommel et al., 2006; Martens & Wyble, 2010).

The nature of the underlying bottleneck is lesslwelderstood, however. There is
increasing evidence that the presence and sizeediB depends on the task context (e.g., Di
Lollo, Kawahara, Ghorashi & Enns, 2005) and thérutdions participants are receiving. For
instance, the size of the AB is considerably redu@ad the effect sometimes disappears
altogether, if participants are encouraged to assamore relaxed attitude towards the task
(Olivers & Nieuwenhuis, 2005) or are otherwise rdisted (Olivers & Nieuwenhuis, 2006).
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According to Olivers and Nieuwenhuis (2006), thadtern suggests that the AB is due to an
overinvestment of attentional resources into thec@ssing and consolidation of T1, which
leaves too little for T2 to perform accurately. Jipossibility fits well with findings of
Shapiro, Schmitz, Martens, Hommel, and Schnitz&06), who studied electromagnetic
markers of attentional resource allocation in th# tAsk. As it turned out, participants who
showed more evidence of attention-related brainvigctwhile processing T1 were more
likely to miss T2 in the blink interval. In otheronds, people are showing a smaller AB the
less they monopolize attentional resources for fbtgssing.

Considering the characteristics that we hypothewizenderlie convergent and divergent
thinking, it makes sense to assume that the costat¢ driving divergent thinking might be
more beneficial for good performance in the AB tdkkn the control state implied by
convergent thinking. If divergent thinking weakethe impact of top-down control on the
activation of target representations and/or thall@ompetition between them, this would
seem to be a good strategy for reducing the sizkeoAB. Two recent observations support
this idea. For one, bilinguals have been shownrtalyce a larger AB than monolinguals
(Colzato et al., 2008). Learning and mastering eosé language is often assumed to
increase cognitive conflict because it inflates pussibilities to express almost any given
concept. To deal with this challenge, bilingualsénaeen claimed to develop special control
strategies to better focus on words from one laggua the expense of words from the other
(Green, 1998), and there is evidence that thes¢egtes generalize to non-lingual conflict
tasks (for an overview, see Bialystok & Craik, 2pDl10we thus assume that bilinguals exert
more top-down control (i.e., have developed a gfeofiRoute-1 mechanism), the finding that
they produce a more pronounced AB suggests thatecgent thinking may indeed be
associated with a less AB-suitable control staém tthivergent thinking is.

For another, Calvinists have been shown to produlz@ger AB than atheists (Colzato,
Hommel & Shapiro, 2010). Following Colzato, Hommesd colleagues (Colzato, van Beest
et al., 2010; Hommel & Colzato, 2010), Calviniste &rained to focus on individual goals
and to adopt a particularly “exclusive” control fik® which translates into an emphasis of
Route-1 and Route-2 mechanisms. As this emphaspparently associated with a larger
AB, it makes sense to assume that a divergentitigngriming task leads to a smaller AB

than a convergent-thinking prime.
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Method

Twenty new young healthy adults served as subjectgpartial fulfillment of course
credit. The method was as in Experiment 1 excegitttie global-local task was replaced by
the AB task.

The AB task was adopted from Colzato, Hommel, ahap8o (2010). Participants were
seated at a viewing distance of about 50 cm. Btegiin mark (“+”) and all target (digit) and
distractor (letter) stimuli (16-point Times New Ramfont) were presented centrally in black
on a gray background. Letters were drawn randonilyout replacement from the complete
alphabet. Digits were drawn randomly from the st 1

Participants were to identify and report two digifd and T2) presented in a rapid stream
of letter distractors. After having read the instions, which included a slow demonstration
of the RSVP, and indicating to have fully undersitdloe task, participants went through 24
training trials, which we re-run if participants deamore than 50% errors. The fixation mark
was shown for 2000 ms and, after a blank interfanother 250 ms, the presentation of the
letter-digit stream commenced. Twenty 20 items apge with a duration of 70 ms each and
an inter-stimulus interval of 30 ms.

The position of T1 in the stimulus stream variedd@mly between positions 7, 8, and 9,
so to reduce predictability. T2 was presented tiyexdter T1 (lag 1), or after another 2, 4, or
7 distracters (lag 3, 5, and 8 respectively). Batlgets were to be reported directly (order of
report was not considered) after the last itemhef $tream was presented by pressing the
corresponding digit keys. The task was composethiae blocks (144 experimental trials: 3
temporal locations of T1 x 4 lags x 12 repetitioasd took about 15 min. to complete.

Participants werethus to switch between the printethe probe task three times per session.

Results

Participants showed good performance in the Remasociation Task NlI=8.8 and
SD=2.8) and the Alternate Uses Tadk=18.4 andSD=4.6). T1 and conditional T2 (T2|T1)
accuracy data were submitted to separate ANOVAB laig (1, 3, 5, and 8) as a within-

participants factor and prime task as betweenqpat factor. The T1 analysis produced a
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main effect of lag,F(3,57)=35.57,p<0.001, MSE = .001;°p = 0.65, due to a dip of
performance with the shortest lag (accuracy: 89 2845%, 95.8%, and 95.0%, for lags 1, 3,
5, and 8, respectively). This pattern is typical AB tasks in which presentation rate is fast
and the two targets belong to the same categorythus, satisfy the same selection criteria
(Colzato, Hommel & Shapiro, 2010; Hommel & Akyuré&kO05; Potter, Staub & O'Connor,
2002).
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Figure 6: Report accuracy in Experiment 5 for T1 (uncorditl) and T2 (given T1correct), as a

function of the priming task (convergent vs. divargthinking).

More importantly, the analysis of conditional T2caracy rendered all three effects
significant: the main effects of la§(3,57)=173.88p<0.001, MSE = .0044°p = 0.90, and
prime taskF(1,19)=5.51p<0.03, MSE = .024p = 0.22, and the interactioR(3,57)=5.42,
p<0.002, MSE = .006;°p = 0.22. The underlying pattern is shown in Figbr&hereas the
two prime tasks yielded comparable performancehatshortest and longest |kgs 1, a
divergent-thinking prime produced better perforneatitan the convergent-thinking prime at
lag 3, F(1,19)=9.30,p<0.01, MSE = .0154% = 0.33, and tended to do so at lag 5,
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F(1,19)=3.95p=0.062, MSE = .017;p = 0.17. In other words, divergent thinking redlice
the AB.

The outcome of Experiment 5 was as expected, wduggests that the cognitive control
states induced by convergent thinking are benéffoa many but apparently not for all
cognitive tasks. Even though it seems clear thatesdegree of top-down processing must
take place in performing an AB task (so to keeptHrget templates sufficiently active to
detect a matching target), this task is likely tdfer from overinvestment of attentional
resources (Olivers & Nieuwenhuis, 2006; Shapiralet 2006). Our observations confirm
that such overinvestment is counteracted to sorgeedeat least by the cognitive set people
establish when engaging in brainstorming-like atéis. This fits nicely with the previous
observations that the AB is reduced if participaagsume a more relaxed attitude towards
the task (Olivers & Nieuwenhuis, 2005).

GENERAL DISCUSSION

The aim of the present study was to characterize dbgnitive-control states that
participants establish when carrying out a creigtitask by seeking for after-effects of
divergent-thinking and convergent-thinking tasks ammmon, reasonably well understood
cognitive tasks. A systematic pattern emerged: eagent thinking benefited performance in
the global-local task (Experiment 1), the sema8tiwop task (Experiment 2), and the Simon
task (Experiment 3) more than divergent thinkind. dihese tasks are suspected to induce
conflict between perceptual interpretations, semargpresentation, and response codes,
respectively, which suggests that the cognitivetmbrstate underlying convergent thinking
is well-suited to reduce various sorts of cognitwemflict. As we have suggested, this might
be because this control state is characterizedrbiatively strong top-down support of task-
relevant information and/or by relatively strongdbcompetition between representations of
relevant and irrelevant information (Routes 1 ahdr® contrast, the two prime tasks had no
specific impact on the ability of participants tahibit strong response tendencies
(Experiment 4). This is inconsistent with any raé inhibitory processes in regulating

convergent and divergent thinking (Route 3), atstlems far as they are needed for and
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assessed by the stop-signal task. Finally, we aile to show that the control state induced
by convergent thinking is not advantageous forcaljnitive tasks. In particular, tasks that
can be assumed to benefit from a relaxation ofdmpn control, such as the AB task, gain
more from the control state induced by divergeintking (Experiment 5).

Taken together, our findings suggest a relativédarecut picture, according to which
convergent and divergent thinking are associated specific control states that people can
apparently establish on-the-fly. On the one haht, does not rule out the possibility that
some individuals are more able, proficient, or pcad in establishing one or another of
these states. In that sense, our findings do netaut the possibility that some individuals
are, or at least can be more creative than othdrs-trait account of creativity. On the other
hand, however, our findings do suggest that criatis also a matter of inter-individual
variability. In other words, the same person camioee or less creative—the state account
of creativity.

One important aspect of the pattern we obtaingdashuman creativity is not a unitary
concept. Even though creativity studies have besmgwersions of our divergent-thinking
and convergent-thinking tasks for decades, ourirfggl provide strong evidence that these
two types of tasks do not measure the same thimg. also fits with Akbari Chermabhini and
Hommel’s (2010) observation that both types of $agke related to dopamine but in very
different ways and with the conclusion of Baas,eu, and Nijstad (2008) that creativity
tasks differ substantially in their sensitivity fparticular aspects of creative performance. It
may very well be that both convergent and diverdbimking is needed for truly creative
activities: divergent thinking presumably more imetleading brainstorming phase that
considers all possible options and convergent thqhknore in the following phase in which
the preferred option is further thought through amatked out. Nevertheless, it seems to
make little sense of speaking about creativity wshswithout referring to specific cognitive
or computational functions. Only if these functiocan be properly isolated, a realistic
functional and neural model of creative performacere be developed.

One limitation of our experimental approach is tihatid not provide a neutral baseline,
so that it is impossible to say whether betterqgrentince after one type of thinking was due
to a benefit associated with this thinking styleérderference associated with the other style

or both. However, this consideration is based @ gbestionable assumption that a given
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participant’s control state is neutral before @ntga psychological laboratory. Note that our
experimental rationale could only work because rabistates are apparently inert and tend to
outlive the task for which they were created (Aitpet al., 1994; Memelink & Hommel,
2006). This implies that every experimental subfgatgs mixtures of various control states
to the lab—states that were originally created @ster the exam the subject was coming
from, to overcomethe participant’s tendency to senakter lunch, to avoid distractions on his
or her way to the testing room, and so forth. Retean the so-called resting-state activity
(Smith et al., 2010) provides strong evidence &van having a participant to do nothing at
all creates very specific types of interactionshimtand between neural networks—control
states that is. All we could thus hope for was that experimental manipulations were
pushing the control states of our participantsna or another direction without getting even
near to any perfect experimental control. Even gmothis does not allow addressing all the
guestions that may remain, it was sufficient to destrate that the control states induced by
the two types of creativity tasks are different andre compatible with some tasks but not
with others.

Considering that convergent and divergent thinkapgarently induce different control
states and, thus, are supporting performance ferdift types of tasks, it might be tempting
to assume that these control states are opposiie®r images of each other. In fact, the
scenarios we developed in the introduction miglggest that the two critical control routes
(1 and 2) are correlated in such a way that cognitiontrol may alternatively engage in
either a strict control style involving strong tdpwn bias and local competition or in a loose
control style involving weak top-down guidance dochl competition. Even though such an
approach would certainly be attractive in its pamy, we at this point hesitate to adopt it
for at least three reasons implied by the obseymatiof Akbari Chermahini and Hommel
(2010). One is that individual performance in cageat thinking and divergent thinking
was not correlated, which does not fit with theate@ correlation that the unidimensional
account would suggest. Second, convergent thinkiag) more reliably correlated with fluid
intelligence than divergent thinking was but, ifyling, the two correlations tended to go
into the same direction with better convergent angergent thinking performance with
individuals higher in intelligence. Again, a unidinsional account would rather seem to

suggest correlations of different signs. And, amtmeed already, both convergent and
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divergent thinking performance was related to a spilggical marker of dopamine
production but the two functions obtained cannotiéscribed as the opposites of each other:
whereas convergent thinking was linearly relateddpamine (better performance the lower
the dopamine level), divergent thinking relateddtmpamine in an inverted-U shape (best
performance with medium levels). Even though itriee that psychological functions might
be related to neurochemistry in complicated walgsse different profiles do not provide
support for the idea that the control states ugdeylconvergent and divergent thinking are
mere mirror images of each other. In any case, mesearch on this issue is urgently
needed.

Our study aimed at characterizing the two arguablyst relevant and most often
investigated types of creative activity. Howeveg do not mean to imply that convergent
and divergent thinking cover the whole range of aorareativity, nor do we think that the
two types of control states that we focused ontlaeeonly aspects of controlling creative
behavior. For instance, Dietrich (2004) made a iriibn between deliberate and
spontaneous creative processes and between cegaitid emotional knowledge domains
within which these processes operate. Considehagature of our tasks, the present study
could thus be characterized as targeting delibemagative processes operating in a mainly
cognitive knowledge domain. Even though Dietrichi&amework is post hoc and has not yet
been empirically tested, it is thus possible thataonclusions do not, or not fully, generalize
to spontaneous creativity and/or knowledge witkranger emotional flavor.

Another interesting distinction that has been madh respect to creative processes is
that between solutions that are associated withnaaous “Aha!” or insight experience and
those that are not (for an overview, see Kouniodufg-Beeman, in press). Jung-Beeman
and colleagues have provided evidence that insigbtciated solutions are mediated by
different brain areas and that these areas arergliffially sensitive to experimental
manipulations, such as solution priming (e.g., Bewd&. Jung-Beeman, 2003; Jung-Beeman
et al., 2004). Given the relatively long-lastingeafeffects of creativity tasks in the present
study, it makes sense to assume that participantsuch insight studies do not switch
between different control configurations on a tt@lrial basis. This suggests that the same
control configuration can generate different typé®xperience and, presumably, allow for

different ways to find a creative solution. Whiclayvs chosen in a given trial might be the
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result of competition between alternative solutiand the differential top-down support they
receive. Note that providing strong Route-1 supparone alternative only biases, but does
not determine, the ultimate decision, so that sonest a non-supported alternative might
win the competition. If one considers top-down supp kind of expectation, a winning non-
supported alternative might be more surprising amore likely to trigger an “Aha!”
experience. In any case, it seems clear that fues®arch does not only need to differentiate
between different types of processes underlyingtre behavior and different types of
control states driving these processes, but it mésms to study the manner in which control

states exert their control and constrain cognitivepetition for the most creative solution.
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