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This study tested whether internal nonaffective processing cues independently influence two major varieties of creative cognition:
insight problem solving and creative generation. In Experiments 1 and 2, bodily cues associated with positive or negative hedonic states
were manipulated by means of arm flexor or extensor contraction, respectively, and the effects of these internal cues on creative insight
and generation were observed. In line with our cognitive tuning approach, it was predicted that the “riskier,” more explorative
processing style elicited by arm flexion, relative to the more risk-averse, perseverant processing style elicited by arm extension, would
facilitate performance on both tasks. These predictions were strongly supported. In addition, Experiments 3 and 4 provided the first
direct evidence that the effects of these internal processing cues on creativity are mediated by a memory search-based mechanism.
Reported effects were independent of mood, task enjoyment, and the effortfulness of the motor actimns Eisevier Science

In the continuing investigation of the relationship be- affective states serve to inform individuals as to the natur
tween affect and creativity, a great deal of evidence hasf their current environment. Positive affective states in
been adduced in support of the notion that positive affectform individuals that their current environment is benign
relative to negative or neutral affect, facilitates creativeand that no particular course of action is required. In re
problem solving (e.g., Isen, Daubman, & Nowicki, 1987) sponse to this information, individuals in a positive affec-
and bolsters cognitive flexibility (e.g., Isen & Daubman, tive state are posited to become more agreeable to ri
1984; Murray, Sujan, Hirt, & Sujan, 1990; for a review, seetaking, adopting a relatively heuristic processing style (cf
Hirt, McDonald, & Melton, 1996). An especially parsimo- sen, 1987) in which novel alternatives are more likely to b
nious explanation for this pattern of findings has beer@enerated (cf. Fiedler, 1988), thereby enhancing creativit

proposed by Schwarz and Bless (Schwarz, 1990; Schwarz & [N contrast, according to cognitive tuning theory, negative
Bless, 1991). According to theirognitive tuningtheory, affective states inform individuals that their current envi-
ronment is problematic and that specific action is needed
rectify the prevailing state of affairs. Efforts aimed at
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perseverance on initially accessible alternatives, leading tments,breaking context-induced mental setyolves over-
diminished originality and impaired creative problem solv- coming fixation on misleading interpretations and strategie
ing (for a review of pertinent findings, see Clore, Schwarz rendered overaccessible by the context of the problem. Tt
& Conway, 1994). second elementestructuring, entails reencoding problem
Although affective states serve a fundamental role incomponents such as to form a novel global representation
cognitive tuning, according to Schwarz and Clore (1996)the problem. Schooler and Melcher’s final element of cre
internal nonaffectivestates, such as feelings of familiarity ative insight entailsnemory searclfor novel responses and
and bodily feedback (e.g., Strack, Martin, & Stepper, 1988)strategies (cf. Ohlsson, 1992). Simply stated, Friedman ar
may also serve as information regarding the processingorster (2000) predicted that the cautious, perseverant pr
requirements of the current situation, with implications for cessing style triggered by arm extension would impair al
judgment and performance. Building on this reasoningthree insight-related processes, increasixationon initial
Friedman and Fwster (2000) proposed that internal cuesproblem interpretations and strategies (thereby preventir
that are associated with positive or negative hedonic stateset breaking and restructuring) and prolonging attention t
yet that do not themselves elicit affect, may by dint of thisinitially detected or recalled information (thereby undermin-
association come to independently trigger differential proing mental search for novel material). In direct contrast, i
cessing styles (see also Soldat, Sinclair, & Mark, 1997)was predicted that the risky, explorative processing styl
thereby influencing creative cognition. Paralleling the pre-triggered by arm flexion would facilitate insight-related
dictions of cognitive tuning theory regarding affective cues,processing, bolstering the ability to break away from inap
internal nonaffective cues associated with positive hedonipropriate initial assumptions and strategies and enablir
states are posited to trigger a relatively “risky” heuristic more unconstrained mental search for novel information.
processing style, whereas bolstering creativity and nonaf- These predictions were strongly supported. In four ex
fective cues associated with negative hedonic states ageriments, Friedman and”f&ter (2000) found that arm
posited to trigger a relatively risk-averse, systematic, andlexion, relative to arm extension, facilitated the ability to
perseverant processing style, thereby undermining creatiBreak away from initial, context-driven (mis)interpretations
ity. of complex visual figures and to restructure the figures t
To test this hypothesis, Friedman andrgter (2000) detect hidden target patterns. In a fifth experiment, partic
manipulated the extent to which nonaffective bodily feed-pants who performed arm flexion, as compared to those wt
back was associated with either positive or negative hedoniperformed arm extension, demonstrated superior perfo
states and then examined the effects of this feedback omance at solving verbal analogy problems. Inasmuch ¢
cognitive processes related to creative insight. The manipsuch problems presumably involve mentally accessing pe
ulation of nonaffective cues involved having participantstentially correspondent attributes and relations associatt
perform either arm flexor contraction (by pressing upwardwith the domains under comparison (Gentner, 1983), thi
on a table) or arm extensor contraction (by pressing downfinding may be seen as providing indirect evidence that art
ward on a table). According to Cacioppo, Priester, and theiflexion, relative to arm extension, facilitates mental searct
colleagues (Cacioppo, Priester, & Berntson, 1993; Priester, A sixth experiment was hypothesized to gauge either th
Cacioppo, & Petty, 1996), arm flexion gives rise to bodily extensiveness of mental search or the capacity to bre:
feedback associated with approaching positive stimulicontextually induced mental set. In a task inspired by Ise
whereas arm extension gives rise to bodily feedback ass@nd Daubman (1984), participants rated the goodness-of-
ciated with avoiding negative stimuli (see alsorster, of weak exemplars (e.g., “camel”) of a given category (e.g
1998; Foster, Higgins, & ldson, 1998; Fster & Strack, “vehicle”). As proposed by Isen (1987), more inclusive
1997, 1998; Neumann & Strack, 2000). This hypothesis isategorization (i.e., higher goodness-of-fit ratings) may re
based on the learning-theoretical notion that, over the coursiéiect more extensive underlying search for shared feature
of a lifetime, arm flexion (where the motor action is directedbetween weak and prototypical exemplars. Another poss
toward the self) is repeatedly associated with acquiring obility is that more inclusive categorization of weak exem-
consuming desired objects (i.e., approach moativation)plars reflects an enhanced ability or tendency to brea
whereas arm extension (where the motor action is directethental set, specifically, to break away from initial assump
away from the self) is repeatedly associated with rejectingions regarding category membership criteria. In either cas
undesired objects (i.e., avoidance motivation). arm flexion led to higher average goodness-of-fit ratings
To systematically assess the effects of these approachesereas arm extension led to lower average goodness-of-
and avoidance motor actions on creativity, Friedman andatings, suggesting enhancement of one or both of the i
Forster (2000) manipulated arm flexion versus extensiorsight-related mechanisms at issue. In sum, Friedman al
and then administered a number of experimental tasks gaugrorster (2000) concluded from these findings that arm flex
ing the three central elements of creative insight proposetn, by dint of its association with positive hedonic states
by Schooler and Melcher (1995). The first of these eletriggers a relatively risky, explorative processing style tha
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facilitates insight-related processes, whereas arm extensioary search all are associated, at least to some extent, wi
by dint of its association with negative hedonic statesyarieties of cognitive processing unrelated to creative in
triggers a risk-averse, systematic, and perseverant processght (Schooler & Melcher, 1995); therefore, it is critical to
ing style that impairs these processes. Additional support fodemonstrate that motor actions indeed affect insight prot
a cognitive tuning interpretation of these findings and esiem solving and not merely the cognitive processes witl
tablishment of the boundary conditions for the effect waswhich it is empirically correlated.
provided by a seventh experiment. Here, arm extension, In an attempt to resolve this critical issue, participants ir
relative to arm flexion, facilitated analytical reasoning, athe current experiment were asked to perform either ari
domain of performance posited by cognitive tuning theoryflexion or arm extension while completing each of three
to benefit from a systematic, detail-oriented processing stylensight problems selected from well-known recent insigh
(Schwarz & Bless, 1991). This was critical inasmuch as itstudies (Metcalfe & Wiebe, 1987; Schooler, Ohlsson, &
demonstrated that arm flexion, relative to arm extensionBrooks, 1993). Following Schooler et al. (1993), these
does not facilitate performance across all domains. Ratheproblems may be understood as (a) ultimately soluble by tt
arm flexion and extension both engender distinct processingverage problem solver; (b) likely to produce an impasse, «
styles that may either improve or impair performance, dea state of high uncertainty as to how to proceed, during th
pending on the “fit” between these processing styles and theourse of the solution; and (c) likely to produce an “Aha!”
demands of the task at hand. Finally, consistent with Friedexperience after prolonged efforts at the solution, a state
man and Foster’s (2000) hypothesis that motor actions arewhich impasse is suddenly overcome and the solution (c
nonaffectiveprocessing cues, there were no indications thasolution path [Ohlsson, 1992]) is suddenly discovered. I
arm flexion or extension in any way influenced mood orline with our earlier discussion, we predicted that the risky
emotional state. Moreover, all effects of motor actions onnovelty-seeking inclination accompanying arm flexion, a:
performance remained reliable controlling for the influencecompared to the risk-averse, perseverant processing st
of affective states, task enjoyment, and the effortfulness ohccompanying arm extension, would enhance the ability t
the motor actions. solve these problems. This effect was predicted to rema
Although Friedman and ‘Feter (2000) provided a fairly reliable controlling for the influence of both emotional
substantial amount of evidence for the influence of nonafstates (e.g., mood) and nonemotional states (e.g., effortft
fective states on creative cognition, they also left manyness of the motor actions) on performance.
important questions unresolved. For instance, although ap- Participants. A total of 30 undergraduates at the Uni-
proach and avoidance motor actions influence the basigersity of Maryland—College Park were recruited for an
processes theoretically posited to underlie creative insighéxperiment on “problem solving.” Participants were run
(Schooler & Melcher, 1995), do they actually affect perfor-individually and were given course credit for participation.
mance on insight problems themselves? Do these motor Procedure. On arrival, participants were seated at a
actions influence aspects of creativity not traditionally con-table approximately 29 in. in height. They were then pro
sidered to involve “insight™? Is there any more direct andvided with a cover story designed to prevent self-perceptio
clear-cut evidence that arm flexion and extension influenceffects on performance (Olson & Hafer, 1990). According
creative cognition by means of their impact on memoryto Strack et al. (1988), self-perception effects require infer
search processes, and if so, what is the specific mechanisgmces regarding the meaning of the observed behauvic
by which these motor actions differentially influence recall?Taking this into account, the current cover story providec
The four experiments in the current study comprise arparticipants with a specious alternative meaning for thei
attempt to answer these critical questions as well as tenotor actions, one designed to prevent them from inferrin

provide converging support for earlier findings. that arm flexor contraction, relative to arm extensor con
traction, would facilitate their problem-solving ability. Spe-
EXPERIMENT 1 cifically, they were told the following:
Method Today, you'll be participating in a study examining the effects of
hemispheric lateralization on problem solving. More specifically,
Overview. In six experiments, Friedman and rister we’re trying to understand the relationship between left and right

(2000) adduced evidence that approach and avoidance mobraip activation and the ability to solve certajn types of problemg.

tor actions influence contextual set breaking, restructuring, 22Sica!lV: there's been an ongoing debate, with some people saying
. that the left hemisphere is the center for this type of cognitive activity

and mental search, the central elements of insight problem and others saying that the right hemisphere is more critical.

solving proposed by Schooler and Melcher (1995). How-

ever, Friedman and Fster (2000) stopped short of demon-  Following these instructions, participants were told tha

strating that arm flexion and extension differentially affectthey had been randomly assigned to the left hemisphe

performance on insight problems themselves. It is almosactivation condition and that the “standard way” in which

certainly the case that set breaking, restructuring, and menthis hemisphere is activated is “by having participants as
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sume a particular right arm position.” The experimenter,all) and 9 ¢ery much. The final survey item was an
who was blind to the hypothesis, subsequently demonepen-ended probe for suspicions regarding the cover stor
strated arm flexion (for those assigned to the approachlo hypothesis-consistent suspicions were voiced. Follow
motor action group) or arm extension (for those assigned ting completion of this survey, participants were debriefec
the avoidance motor action group). The arm flexion manip-and released.

ulation involved having participants lightly press their right

palms upward against the bottom of the table with theirResults and Discussion

elbows bent at a right angle. The arm extension manipula-

tion involved havi ticinants liahtl their riaht Insight problem-solving scores were calculated both b
lon involved having participants lightly press heir right summing the number of problems solved (out of the thre

palms downward against the top of the table with the'rpresented) and by summing the times spent working on tt

elbows kept straight. After demonstrating the aSS'gne.d MO%three problems (with shorter total completion times indicat

tor action, the experimenter tested whether part|C|pant§ng superior problem-solving ability). The latter is a more

knew how to perform it correcily. sensitive index of performance, motivating its use as .

Afterward, the experimenter administered three Ir]S'ghtdependent measure in the analyses to follow. All significar

problems (Schooler et al., 1993, Appendix A, PrObIemseffects reported using total time in this fashion are als
1-3). For example,

reliable substituting total number correct as a depende
A dealer in antique coins got an offer to buy a beautiful bronze coin.  Measure. Another note before proceeding: In all seven e
The coin had an emperor's head on one side and the date 544 B.C. periments conducted by Friedman anddter (2000), arm
stamped on the other. The dealer examined the coin, but instead of flexjon and extension were performed uninterrupted for les
buying it, he galled the _police. WhySqutipn:The year 544 B.C. than 3 min at maximum (and typically for a considerably
predates the birth of Christ; therefore, a coin from that year would not . . . " . .
be inscribed with an abbreviation for “Before Christ.” Sho_rter perIOd of tlme)'_ The Imposition of _re_IaFlvely b_”ef
periods of arm contraction was meant to minimize varianc
The experimenter timed how long it took for participants due to the differential effortfulness of engaging in arm
to find the solutions. A maximum time of 6 min was allotted flexion relative to arm extension over time. After severa
per problem. Participants were asked to engage in the apninutes, arm flexion, in which the weight of the forearm is
propriate motor action (flexion vs extension) before eachot supported by the table, can become discernibly mor
new problem was presented and to disengage from perforneffortful than arm extension. In the current experiment
ing this motor action after either verbally providing the however, relatively long contraction times (of up to 6 min
experimenter with the correct solution or running out of per problem) were required, allowing this difference in
time. Each time a participant announced that he or she haefffortfulness to emerge, as evidenced by the marginall
found the solution to a given problem, the experimentersignificant difference in effortfulness ratings by participants
immediately stopped the timer, asked the participant tan the arm flexion ! = 5.50) and arm extensioivi(= 4.06)
withdraw his or her arm from the table, and had the partic-conditions,t(28) = —1.81,p = .08. To account for this
ipant explain the solution. If the solution offered was incor- extraneous source of variation, effortfulness ratings wer
rect, then the experimenter had the participant reengage included as a statistical covariate in analyses of performan
the appropriate motor action and continue working on theo follow.
problem until he or she found the correct solution or ran out To test the main experimental hypothesis that arm flexio
of time. facilitates insight problem solving relative to arm extension
After working on three insight problems in this fashion, a multiple regression analysis was conducted using tot
participants completed a paper-and-pencil survey. The firstolution time as a dependent variable and entering mott
page of this survey measured participants’ current affectaction (arm flexion vs extension) as a predictor and effort
asking them about their mood (“How do you feel right fulness ratings as a covariate. Consistent with prediction
now?”) on a scale anchored at ¥efy bad and 9 gery this analysis revealed a significant main effect of moto
good and about how “worried,” “disappointed,” “calm,” action,b = —42.67,F(1, 27) = 6.48,p < .02, suggesting
“happy,” “content,” “tense,” “discouraged,” and “relaxed” that participants who engaged in arm flexion demonstrate
they currently felt (“*How do you feel right now?”) on better insight problem-solving performance than did thos
a scale anchored at hdt at all) and 9 éxtremely. The  who engaged in arm extension. This finding supports th
second page of the post-task survey was meant to addrelgpothesis that arm flexion, a nonaffective cue associate
alternative mediators for the predicted effect, asking particwith positive hedonic states, relative to arm extension,
ipants about the effortfulness of the motor action (“How nonaffective cue associated with negative hedonic state
effortful was it to maintain the arm position?”) on a scaletriggers a processing style that facilitates creative insight.
anchored at 1ot at all effortfu) and 9 gery effortfu) and To determine whether the effect is independent of affec
about enjoyment of the problem-solving task (“How muchtive influences, a series of subsidiary multiple regressio
did you enjoy the task?”) on a scale anchored ahdt @t  analyses were conducted again using motor action as
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predictor and effortfulness as a covariate while separatelpf an effect of approach and avoidance motor actions o
entering measures of current mood and specific emotions dask enjoymentt < 1. This inconsistency only highlights
auxiliary predictors. In all analyses, the main effect of motorthe need for more systematic empirical examination of th
action remained statistically significant, suggesting that it iselationship among task enjoyment, nonaffective processir
independent of affective influences. These analyses alstues, and insight.
revealed two reliable, unpredicted main effects on perfor- In sum, Experiment 1 constitutes the first empirical evi-
mance: one of disappointmeit= 17.23,F(1, 26)= 7.08,  dence supporting the hypothesis that nonaffective proces
p < .02, and another of contentmenit,= —17.32, F(1, ing cues directly influence insight problem solving, a fun-
26) = 6.60,p < .02, suggesting that increased experience oflamental component of creative thought. Arm flexion, ¢
disappointment is predictive of lower insight problem-solv- nonaffective cue associated with positive hedonic state
ing performance and that increased experience of contentelative to arm extension, a nonaffective cue associated wi
ment is predictive of improved performance. These indenegative hedonic states, enhanced the ability to solve a <
pendent effects are in line with the findings of Isen (1987)of three “classic” insight problems. This is consistent with
and others (e.qg., Hirt, Levine, McDonald, Melton, & Martin, the hypothesis that nonaffective cues associated with pos
1997), suggesting that positive affective states bolster, antive states elicit a more risky, explorative processing style
negative affective states impair, creativity. whereas those associated with negative states elicit a mc
A final series of analyses was conducted to determineisk-averse, perseverant processing style (Schwarz & Bles
whether task enjoyment mediated the effects of approach991). The effects of approach and avoidance motor actiol
and avoidance motor actions on creative insight. In three ofemained reliable statistically controlling for the influence
five experiments in which measures of enjoyment wereof mood, distinct emotional states, task enjoyment, and tt
collected, Friedman and’Ester (2000) found that arm flex- effortfulness of the motor actions themselves.
ion bolstered task enjoyment relative to arm extension, Although the current experiment converges with priot
although enjoyment did not mediate the effects of theseempirical work to strongly support the link between nonaf-
motor actions on performance. These strong, albeit inconfective cues and insight-related cognition, it also raises a
sistent, findings were interpreted as compatible with theénteresting question: Do nonaffective cues also influenc
work of Cacioppo et al. (1993) demonstrating that stimuliaspects of creativity not traditionally considered to involve
encountered under arm flexion are evaluated more posinsight? Unlike insight problems, many of the experimenta
tively than are those encountered under arm extensiorasks used in the study of creativity do not have a fixe
Presumably, in Friedman and'fster's (2000) case, the solution and do not typically or clearly produce an impass
evaluated stimulus may have simply been the experimentab be overcome (Schooler et al., 1993). Instead, many ¢
task itself, leading to differential ratings of task enjoymentthese tasks simply involve generation of instances of pre
under flexion versus extension. existing or experimenter-defined categories (e.g., Hirt et al
The current experiment provided another valuable oppor1997; Murray et al., 1990; Smith, Ward, & Schumacher
tunity to assess the role of enjoyment in insight-relatedl993; see also Wyer, Clore, & Isbell, 1999), which are thel
processing. To first test whether the effects of motor actiomated for their “creative” content.
on insight problem solving were independent of task enjoy- Although creative generation tasks are not insight prob
ment, another multiple regression analysis was conductedems in the strict sense, there is good theoretical reason
this time including enjoyment as an auxiliary predictor. Asbelieve that nonaffective processing cues may exert &
predicted, this analysis revealed that the effect of motoanalogous influence on these tasks. For instance, it is pc
action on insight remains reliable controlling for the effectssible that the distinct processing styles triggered by nona
of task enjoymenth = —37.87,F (1, 26)= 5.62,p < .03.  fective cues may moderate the criteria for reporting genel
More interestingly, this analysis also revealed an unpreated exemplars, thereby influencing the average creativi
dicted main effect of task enjoyment on insight problem-of the responses tendered. More specifically, the risk-aver:
solving performanceb = —13.21,F(1, 26) = 4.37,p < mind-set elicited by cues associated with negative hedon
.05, suggesting that increased enjoyment of the task istates (e.g., arm extension), relative to the risky mind-se
predictive of improved solution time. This effect is consis- elicited by cues associated with positive states (e.g., ar
tent with the theorizing of Amabile (1983, 1996), who flexion), may lead individuals to adopt a more conservativi
posited that creativity is positively associated with intrinsic criterion for reporting generated exemplars, causing them 1
motivation (e.g., enjoyment). To determine whether armexclude potentially innovative exemplars for fear of making
flexion and extension themselves yielded differential effectsinappropriate” responses (cf. Wyer et al., 1999).
on enjoyment, a subsequent analysis was conducted regressdt is also possible that the cautiousness associated wi
ing task enjoyment on motor action, statistically controlling negative state-associated cues, relative to the explorati
for solution time. In partial contrast to the findings of bent associated with positive state-associated cues, m
Friedman and Fwster (2000), this analysis revealed no hintincrease the likelihood that individuals attentionally perse
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vere on initially generated or “tried-and-true” exemplars.final questionnaire. This questionnaire gauged participant
This may give rise to a blocking effect, whereas the focus orcurrent mood (“How do you feel right now?”) on a scale
initial exemplars (or the features that comprise them) serveanchored at 1very bad and 9 {ery good, their enjoyment
to inhibit individuals from retrieving material needed to of the creative generation task (“How much did you enjoy
construct innovative new exemplars. Consequently, relativéhe task?”) on a scale anchored anbt(at all) and 9 {ery
to positive state-associated cues, negative state-associateaicl), the difficulty of the task (“How difficult was the
cues not only may prevent individuals from reporting inno-task?”) on a scale anchored atriof at all difficul) and 9
vative alternatives but also may actively prevent individuals(very difficul), the pleasantness of the motor action (“How
from generating them in the first place (cf. Smith, 1995;pleasant was the arm position?”) on a scale anchored at
Smith et al., 1993). (not at all pleasantand 9 yery pleasant and the effort-
To test the hypothesis that nonaffective processing cuesiiness of the motor action (“How effortful was it to main-
influence creative generation, in Experiment 2, participantgain the arm position?”) on a scale anchored andt @t all
were asked to engage in either arm flexion or arm extensioeffortful) and 9 {ery effortfu). After completion of the
while they completed a typical creative generation task. Ifpost-task survey, participants were debriefed, sworn to s
was predicted that arm flexion would lead to more creativecrecy, and given a chocolate bar for their participation.
responses than would arm extension. Moreover, this effect Data coding. The dependent variable of interest was the
was predicted to remain reliable controlling for the influ- creativity of the uses for a brick generated by participants
ence of both emotional (e.g., mood) and nonemotionallo assess the creativity of these responses objectively, |

states (e.g., effortfulness) on creativity. independent scorers (members of the University ofrfA/u
burg psychology department) were asked to rate the creati
EXPERIMENT 2 ity of the 117 different uses that participants generated on
9-point scale (“How creative is this response?”) anchored

Method 1 (very uncreativieand 9 {ery creativg¢ and with an ex-

plicit midpoint of 5 (heither creative nor uncreatiyeThese
ratings were used to calculate a mean creativity score fi
each participant (summed ratings for each response te
dered divided by the total number of responses). In additiol
a measure of the total number of creative responses w
calculated by summing the number of responses that e
ceeded the midpoint (5) of the creativity scale. An exampl
of a creative response was “using [the brick] as a slide fc
my hamster”; an example of an uncreative solution was “t
hrow it.”

Participants. A total of 26 undergraduates at the Uni-
versity of Wirzburg were recruited for an experiment on
“hemispheric activation.” Participants were run individually
and were given a chocolate bar for participation. One par
ticipant failed to follow instructions and, therefore, was
excluded from the analyses.

Procedure. On arrival, participants were seated at a
table and provided with the same “hemispheric lateraliza
tion” cover story employed in Experiment 1. To rule out any
mediating role of pre-task mood, interest, or changes irf
these states, participants were next admi_nistered a pre'tals-i(esults and Discussion
measure of mood and anticipated task enjoyment for use as
auxiliary predictors. Specifically, participants filled out a Before analyzing creativity scores, we first examined th
brief questionnaire asking them “How do you feel right between-groups difference in total number of response
now?” on a scale anchored atviefy bad and 9 fery good  tendered. Motor action (arm flexion vs extension) had n
and “How much do you think you would enjoy the task?” on reliable effect on the total number of uses for a brick listec
a scale anchored at 1\yould not enjoy it at all and 9 ( by participants Meeion = 6.5, Mggension = 7.0), t < .50,
would enjoy it very mugh suggesting that approach and avoidance motor actions

Afterward, participants put on headphones, throughnot differentially influence the sheer volume of production
which they could hear the tape-recorded experimental inTo test the main experimental hypothesis that arm flexio
structions, and engaged in the right-arm motor action (flexbolsters creative generation relative to arm extensiotest
ion or extension) to which they had been randomly aswas conducted comparing mean creativity scores within i
signed. The tape instructed participants to generate as marlye two experimental groups. In line with predictions, par-
creative uses for a brick as they could think of. They wereticipants who performed arm flexion while completing the
asked to refrain from listing typical uses or from listing usesgeneration task demonstrated higher creativily=€ 5.10)
that were virtually impossible. Participants announced theithan did those who performed arm extensidh € 4.41),
responses into a microphone that was connected to anothg23) = 3.74,p < .002. Likewise, & test substituting total
tape recorder, allowing them to keep their right arms free fonumber of creative responses as a dependent measure
use in performing the appropriate motor action. Participantyealed that arm flexion led to generation of more creativi
were interrupted after 1 min, told to stop generating usesises for a brick i = 4.08) than did arm extensioM(=
and to discontinue their motor action, and asked to fill out a2.38),t(23) = 2.58,p < .02. These findings are consistent
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with the hypothesis that nonaffective cues associated witlsequent responses. As predicted, the influence of appros
positive hedonic states (e.g., arm flexion), relative to thosend avoidance motor actions on creative generation re
associated with negative hedonic states (e.g., arm extemrained statistically reliable controlling for mood, task en-
sion), elicit a processing style that facilitates the generatiojoyment, and the pleasantness and effortfulness of the at
of creative alternatives. contractions.

In supplementary multiple regression analyses using total Before proceeding, it is important to reiterate that the lacl
number of creative responses as a dependent variable anfla control group in Experiments 1 and 2 precluded esti
separately entering pre- and post-task mood and enjoymermation of the absolute effects of arm flexion and extensio
change in mood and enjoyment scores (post-task—pre-task)p creative cognition. To rectify this state of affairs, in the
as well as task difficulty and motor action pleasantness antbllowing two experiments we included a “no arm contrac-
effortfulness ratings as covariates, the main effect of mototion” condition as a control group.
action remained equally reliable in every case. Once again,
this supports the notion that the effects of approach and EXPERIMENT 3
avoidance motor actions on creativity are independent of the
influences of emotional and nonemotional phenomenologil\/IethOd
cal states (Friedman & Fster, 2000). These analyses also  oyerview. The results of the first two experiments offer
revealed a single, unpredicted main effect of change Ofjirect evidence that approach and avoidance motor actio
enjoyment on total number of creative responses, with infnfiyence both insight problem solving and creative genel
creased differential enjoyment predicting increased creéativation. This helps to resolve two critical questions raised b
ity, b = 0.31, F(1, 22) = 4.58,p < .05. A follow-up  Friedman and Fster's (2000) initial exploration of the
analysis regressing change in enjoyment on motor actiofinpact of internal nonaffective cues on creative cognition
and total number of creative responses again revealed thes discussed earlier, Friedman andrster adduced evi-
same significant positive relationship between differentialjence that arm flexion, relative to arm extension, facilitate
enjoyment and creativity while failing to indicate any effect three elementary, insight-related processes: contextual :
of motor action on differential enjoyment, < 1. This  preaking, restructuring, and memory search for novel re
pattern of results suggests that the relationship betweegphonses and strategies (Schooler & Melcher, 1995
approach and avoidance motor actions and creative genéejyhereas evidence regarding the first two processes w
ation is unmediated by differential task enjoyment (Kenny,dqrawn from performance on well-validated tests of se
Kashy, & Bolger, 1998). However, as in Experiment 1, preaking and mental restructuring (e.g., the Embedded Fi
these results are consistent with Amabile’s (1983, 1996)jres Test [Witkin, Oltman, Raskin, & Karp, 1971]), evi-
proposal of a positive association between intrinsic motivagence for more extensive memory search under arm flexic
tion (e.g., enjoyment) and creativity. Of course, the correyas relatively indirect, based on inferences from differentia
lational nature of the current findings precludes determinaperformance on tasks presumed to at least partially involv
tion of the direction of this relationship (Cf Hirt, McDonald, mental search processes (e_g_' ana|ogica| reasoning)_ |
& Melton, 1996). provide more convincing empirical support for the hypoth-

Overall, the results of Experiment 2 complement those oksis that arm flexion, relative to arm extension, engende
the first experiment quite well, demonstrating that internalmore extensive mental search, in Experiment 3 participan
nonaffective processing cues not only influence creativengaged in these arm contractions while performing a wor
insight but also influence the generation of creative a|'[el’napuzz|e task specifically designed to require retrieval fron
tives. Arm extension, a nonaffective, negative state-assocmemory of viable solutions. A control group (no arm con-
ated internal cue, relative to arm flexion, a nonaffective traction) was also included to explore whether memor
positive state-associated internal cue, diminished the abilitgearch is facilitated by arm flexion, impaired by arm exten
(or propensity) of individuals to generate creative uses for &ion, or both.
brick. Again, this finding is quite consistent with the notion  Experiment 3 also provided an opportunity to examine
that nonaffective cues associated with negative hedonithe underlying process by which arm contractions affec
states trigger a more risk-averse, more perseverant, and lesgemory search. We have posited that the mechanism dri
explorative processing style than do nonaffective cues adng this influence may involve memory blocking, specifi-
sociated with positive hedonic states. In the current casesally an attentional perseverance on initial responses (
activation of these differential processing styles may haveheir associates) that can act to inhibit individuals from
led individuals performing arm extension, relative to thoseretrieving material required to produce novel response
performing arm flexion, to more readily exclude innovative (Smith, 1995; Smith & Tindell, 1997). Inasmuch as the
yet potentially “inappropriate” answers from their responserisky, explorative processing style accompanying arm flex
sets and/or to attentionally persevere on initially generatein, relative to the risk-averse, vigilant processing style
exemplars, thereby undermining the creativity of their sub-accompanying arm extension, diminishes perseverance
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initially accessed material, arm flexion should produce lessvithout any tension (control) while the experimenter
memory blocking than should arm extension. If so, then arnminstructed them regarding the word puzzle task. This tas
flexion may not generally facilitate memory search (e.g., viawas comprised of a sheet containing 15 letter string
more extensive spreading activation [cf. Ohlsson, 1992]printed twice: once in one column and again in a secon
but rather may facilitate search only under conditions incolumn. Each letter string contained blank spaces t
which potentially “occlusive” (Anderson & Bjork, 1994) which missing letters could be added to form Germai
information is initially presented or retrieved. words. For instance, the fifth row was “FL_CH FL_CH,”
To test whether arm flexion, relative to arm extension,which could be solved with “flach” (shallow) and “Fluch”

generally facilitates memory search or merely prevent§curse). Participants were instructed that they had t
impairment due to retrieval blocking, the word puzzle solve as many word puzzles as possible within 1 min an
task in Experiment 3 was designed to activate informathat each of the puzzles had more than one solution. Tt
tion in an initial memory search that could serve to blockgheet containing the puzzles was taped to the table so
retrieval on a subsequent search. We reasoned that facily make writing with one arm easier.

itation of performance on both searches under arm flex- as alluded to above, it was assumed that words initiall
ion, relative to extension, would suggest that approachccessed to complete the first column of puzzles, along wi
motor actions generally bolster memory search, perhapgemantic associates of these words, may be differential
by engendering activation of more and/or more distanbended to or ignored, thereby leading to more or les
nodes in a semantic network (Bower, 1981). However, ifiyierference with the retrieval of novel solutions for the

arm flexion, relative to arm extension, indeed facilitateSgacond column of puzzles (cf. Smith, 1995). For instance
memory search by diminishing retrieval blocking, thenfollowing its use as a solution for the word puzzle

arm flexion should improve perfo_rma_mce only On_the“FL_CH,” perseverant retrieval of “flach” (shallow) when
second search, following the activation of potentlally“FL CH" is re-presented may block retrieval of “Fluch”

obstructive material. o

. . (curse). In addition, perseverance on “flach” (shallow) ma
tl;’;rtchanants_.t A]Eo\/t?I og 63 rlght-hande_ttj l:jnfdergraduates increase the accessibility of concepts such as “depth” ar
atne nl\‘{er5| y ob Wizburg were "recrw.e. or an exper- “water,” preventing the individual from accessing the se

iment on “hemispheric activation.” Participants were run : p » )
S . .. mantic network related to “Fluch” (curse) and thereby im-
individually and were given a chocolate bar for participa- . . . . . :
tion. Four participants failed to follow instructions and peding retrieval of this second solution. Based on this logic
ther.efore excluded from the analvses " we concluded that a higher number of word completions fo
' ySes. the 15 puzzles in the second column alone would largel

Procedure. On arrival, participants were seated at a . . -
table approximately 29 in. high and were provided with thereflect improved ability to escape the inhibitory effects of
material retrieved during completion of the 15 puzzles in the

same “hemispheric lateralization” cover story employed in_. .
b y employ first column. Improved performance on both the first anc

Experiments 1 and 2 with a single exception: All partici- d f | di d
pants were instructed that they were in the right, as opposetf °°" sets of puzzles would Instead suggest a more gene

to the left, hemisphere activation condition and were in_fac?lit_a_tiorlof memory search rather than the proposed “dis
structed to perform the arm motor actions with their left, as"nibition. . .
opposed to their right, hands. This change was necessary soParticipants were interrupted after 1 min had elapsed, to
as to allow participants to write in their solutions to the {0 Stop working, and told to discontinue their arm positions
word puzzle task (see below). To rule out any mediatingo‘fterwardv t.hey were administered afmal survey that_agan
role of emotional states and task interest, participants werg@uged their current mood and specific emotions using tf
next administered a questionnaire gauging their curren$@me scales employed at the beginning of the session. Tk
mood (“How do you feel right now?”) on a scale anchoredWere also asked about their enjoyment of the word puzzl
at 1 (ery bad and 9 gery good; how “happy,” “con-  task (‘How much did you enjoy the task?”) on a scale
cerned,” “disappointed,” “calm,” “content,” “tense,” “dis- anchored at 1rot at all) and 9 {ery much, the difficulty of
couraged,” “relaxed,” “down,” “depressed,” “relieved,” the task (“How difficult was the task?”) on a scale anchore
“cheerful,” and “nervous” they currently felt (‘How at 1 (ot at all difficul) and 9 gery difficul), the pleasant-
do you feel right now?”) on a scale anchored andt(@atall ~ ness of the arm position (“How pleasant was the arm pos
and 9 extremely; and their anticipated task interest (“How tion?”) on a scale anchored at Aot at all pleasantand 9
much do you think you would enjoy the task?”) on a scale(very pleasant and the effortfulness of the arm position
anchored at 1l(would not enjoy it at all and 9 ( would  (“How effortful was it to maintain the arm position?”) on a
enjoy it very much scale anchored at @t at all effortfu) and 9 gery effort-
Afterward, according to condition, participants were ful). After completion of the post-task survey, participants
asked to either engage in arm flexion, engage in armvere debriefed, sworn to secrecy, and given a chocolate b
extension, or lay out their left arms on the chair armsfor their participation.
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Results and Discussion tion between first- and second-column word puzzle perfor
mance due to individual differences in ability (e.g., vocab:
ulary) and/or due to priming, by either the target string o
Mirst-column solutions, of orthographically similar words

. . , . ' that may serve as second-column solutions (e.g., “flack
suggesting that internal nonaffective cues associated wit ight at least weakly prime “Fluch”). However, this pro-
positive hedonic states facilitate memory search via dimin'spective correlation should be reduced in me;gnitude b
|s_hed retrieval b'_"?k'”g- 'F‘ corresponding fas_hlon, WE P etrieval blocking due to perseverance on initial solution:
dicted that participants in the arm extension condition,y rejated material; better first-column performance ma
would solve fewer puzzles in the second column than woulqﬂso provide more material that can serve to “occlude

those in the control condition, suggesting that internal NoNgaong.column solutions. Therefore, if arm flexion indee

affective cues associated with negative hedonic states ingiminishes perseverance, then there should be a strong
pair memory search via increased retrieval blocking. No,tive correlation between first- and second-column pe
difference between conditions was expected for the firSymance within the arm flexion condition than there is

column of word puzzles inasmuch as completion of thesgyithin the other conditions. Interestingly enough, this is
puzzles was not preceded by activation of retneval—obstruc(—axacﬂy what we foundrgyensen = 0.16,p > .47 I apmra =

tive material. —0.17,p > .46; andr e = 0.48,p < .03.

To test the prediction that arm flexion bolsters, and arm  a¢ 3 final step, to examine whether the effect of moto
extension impairs, word completion performance on theycion on second-column word completion performanc
second column of puzzles alone, we subjected the 10t} ;55 independent of the effects of emotional and nonem
number of correct solutions to a repeated-measures analysig g states, several supplementary ANOVAs were cor
of variance (ANOVA) (Motor Action: control vs arm ex- qycted, using total number of second-column solutions as
tension vs arm flexion< Column: first vs second). This dependent variable and separately entering pre- and po
revealed a significant main effect of coluni®(2, 56) = a5k mood, specific emotion ratings, task enjoymen
85.27,p < .0001, reflecting that performance on the first changes in these states (post-task—pre-task), as well as t
column of puzzles reliably surpassed that on the secongificulty and the pleasantness and effortfulness of the ar
column, presumably due in large part to retrieval blockingpositions as covariates. As in the first two experiments, th
of second-column solutions by first-column solutions aseffect of motor action remained equally reliable in every
well as to fatigue. More important, this analysis revealed &ase. These analyses also revealed a single, unpredic
borderline significant Motor Actiork Column interaction, main effect: Unsurprisingly, task difficulty ratings were

F(2, 56) = 2.98,p = .059, suggesting that the effects of negatively predictive of second-column word puzzle perfor
motor action differed within the first and second columns ofmance,F(1, 55) = 4.78,p < .04. There were no other

word fragments. To clarify this interaction, we subjectedsignificant effects.

total number of correct solutions for each column to sepa- |n sum, these findings are consistent with the notion the
rate one-way ANOVAs, entering motor action as a predic-arm flexion produces less retrieval blocking of second
tor. As predicted, performance did not differ reliably as acolumn puzzle solutions by first-column solutions (or co-
function of motor action for the first colummVeenson = activated material to which they are related). At this point
10.90,Mcontro = 12.39,Meieion = 11.90),F < 1; however, it we can only speculate as to why arm extension did nc
was indeed reliably different for the second colurMi(.:  impair second-column performance relative to no arm cor
sion = 6.60,Mconrol = 5.67,Mgeion = 8.19),F(2, 56) = 3.47,  traction. One possibility is that memory blocking is a defaull
p < .04. Planned comparisons supplemented this ANOVAprocess; it may be fundamentally adaptive to maintain a
suggesting that, as predicted, arm flexion led to improvedentional focus on currently active material (e.g., a currer
second-column performance relative to no arm contractioplan [cf. Gollwitzer & Moskowitz, 1996]) until it is clearly
(control), t(56) = 2.58,p = .01. Contrary to predictions, “safe” to change course. The internal nonaffective feedbac
there was no difference between the arm extension angrovided by arm flexion may provide just this sort of
control groupst < 1, although these groups together dem-“safety” signal (Friedman & Fister, 2000), enabling acti-
onstrated worse second-column performance than did theation of alternative responses and strategies. The curre
arm flexion conditionf(56) = 2.46,p < .02. findings should not be taken as evidence that arm extensi
As an additional means of assessing the notion that arrgenerally has no effect on cognitive processing. For in
flexion facilitates mental search by enabling greater freestance, Friedman and Eber (2000) found strong and reli-
dom from retrieval inhibition, we also analyzed zero-orderable differences between control and arm extension grou
correlations between performance on first- and second-cobn measures of both word categorization (Study 6) an
umn word puzzles within each experimental condition.analytical reasoning (Study 7).
Holding all else equal, one might expect a positive correla- In conclusion, Experiment 3 provides the first direct

We predicted that participants in the arm flexion condi-
tion would solve more word puzzles in the second colum
(out of 15) than would those in the control condition,
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evidence that internal, nonaffective processing cues influng from the possibility that participants had worked from
ence memory search processes. Arm flexion, a positiveight to left and ensured that all participants, on all puzzles
state-associated internal cue, bolstered retrieval of verbalere exposed to initial material that could serve to blocl
solutions on a letter string completion task relative to bothretrieval of alternative solutions. It was predicted that arn
arm extension, a negative state-associated internal cue, afildxion would bolster, and arm extension would diminish,
no arm contraction. The pattern of findings was also conword puzzle completion performance relative to a no arn
sistent with a retrieval blocking-based process account; theontraction control group.

risky, explorative processing style elicited by positive state- Participants. A total of 30 right-handed undergraduates
associated cues appears to facilitate memory search kat the University of Wezburg were recruited for an exper-

reducing perseverance on potentially obstructive, initiallyiment on “hemispheric activation.” Participants were run
activated cognitive material. Finally, as predicted, the dif-individually and were given a chocolate bar for participa-
ferential effects of approach and avoidance motor actions otion.

memory search were statistically independent of the influ- Procedure. The procedure for Experiment 4 was virtu-
ence of both emotional (e.g., mood) and nonemotionahlly identical to that for Experiment 3, with the following

states (e.g., task enjoyment). exceptions. First, in place of a first column of word frag-
ments, participants were provided with a column of com

EXPERIMENT 4 plete words, each representing a correct solution to it

adjacent, second-column word fragment. Each specific firs

Method column solution was randomly assigned. To illustrate, ir

d place of the puzzle “FL_CH FL_CH" administered in Ex-
eriment 3, in the current experiment participants wer
ndomly provided with either “FLUCH FL_CH” or

LACH FL_CH.” Second, a few additional items were
added to the pre- and post-task questionnaires. Specifical
prior to and immediately following the word fragment com-
pletion task, participants were asked about their task mot
vation (“How motivated are/were you to do well on the

Overview. Although the results of Experiment 3 offere
encouraging initial support for the hypothesized proces?
account, there were two crucial aspects of the design théﬁ
limited the interpretability, and possibly the strength, of the
findings. First, the instructions to participants did not ex-
plicitly require that they complete each first-column word
fragment in a pair prior to completing its counterpart in the

second column. Although unlikely among German-speak :
g y g P task?”) and about their current state of arousal (“How

ing participants who read from left to right, it is possible that dd feel riaht s | hored :
participants did in fact solve a number of second-columnfOUS€d do you Teel right now: ) on a scale anchored :

fragments prior to attempting their first-column counter- 1(not at al) and 9 Extremely.
parts. If par_t|C|pants _dld in fact work _from right to Ie_:ft 85 Rosults and Discussion
such, then it would invalidate the critical hypothesis that
differences in second-column word puzzle performance It was predicted that participants in the arm flexion con
were related to the interposition of a first-column of puzzlesdition would solve more word puzzles (out of 15) than
that served to activate blocking material. Another shortcomwould those in the control condition, suggesting that inter
ing of Experiment 3 was that it relied on participants to nal nonaffective cues associated with positive hedonic stat
self-generate blocking material in completing the first col-facilitate memory search via diminished retrieval blocking.
umn of puzzles. This rendered it impossible to ensure thaln contrast, it was predicted that participants in the arn
participants would indeed produce, or even try to produceextension condition would solve fewer puzzles than woulc
first-column responses that could later serve to impair seahose in the control condition, suggesting that internal non
ond-column performance. For each word puzzle on whictaffective cues associated with negative hedonic states ir
an initial “blocking” response was not produced or at-pair memory search via increased retrieval blocking. To te:
tempted, the power to detect a blocking-based effect wathese predictions, we subjected the total number of corre
correspondingly diminished. Although speculative, thisword fragment solutions to an ANOVA (Motor Action: arm
weakening of the experiment’s ability to induce, and sub-flexion vs arm extension vs control). This ANOVA revealed
sequently to detect evidence of, retrieval blocking may havéhat performance differed between conditions in a patter
contributed to the absence of a significant, second-columrery much in line with predictionMiexion = 9-2, Mcontrol =
performance difference between the arm extension and co=5, Mgyension= 5.6), F(2, 27) = 11.45,p < .0003. Planned
trol groups. comparisons supplementing this ANOVA suggested the
To rectify this state of affairs, in Experiment 4 partici- arm flexion led to improved word fragment completion
pants wereprovidedwith solutions for the first column of relative to no arm contraction (controtf27) = 2.26,p <
word fragments, after which they were explicitly instructed .04, and that arm extension indeed led to impaired wor
to solve each remaining fragment in the second columnfragment completion relative to no arm contractiti@y) =
This modification obviated interpretational concerns deriv-2.52,p < .02.



MOTOR ACTIONS AND CREATIVE COGNITION 51

To assess whether the effect of motor action on wordnemory search-based mechanism. In each of four expe
fragment completion performance was independent of thenents, bodily cues associated with positive or negativ
effects of emotional and nonemotional states, several addhedonic states were manipulated by means of arm flexor
tional ANOVAs were conducted using total number of extensor contraction, respectively, and the effects of thes
completions as a dependent variable and separately enteriingernal cues on creative insight, creative generation, ar
pre- and post-task mood, specific emotion ratings, arousamemory search were observed. It was predicted that tl
task enjoyment, task motivation, and changes in these stateskier, more explorative processing style elicited by arn
(post-task—pre-task) as covariates. As in Experiments 1 to 3lexion, relative to the more risk-averse, perseverant prc
the main effect of motor action remained reliable in everycessing style elicited by arm extension, would facilitate
case. There were no other significant effects. A final serieperformance on all three tasks, thereby supporting our co
of analyses separately using each of the aforementioneditive tuning model of creativity (Friedman & “Fster,
covariates as a dependent measure and including mot@000).
action and performance as covariates revealed only one These predictions were supported. Arm flexion, relative
reliable effect, a main effect of motor action on change into arm extension, enhanced the ability to solve “classic
task enjoymentNleeyion = 0.4, Mconio = —0.6, Meyension = insight problems (Experiment 1), providing critical evi-
1.5),F(2, 26) = 8.67,p < .002, suggesting, rather unsur- dence that approach and avoidance motor actions influen
prisingly, that participants enjoyed working on the taskcreative insight and not merely the rudimentary cognitive
more when no arm contraction was required. Supplemengrocesses with which it is empirically correlated. Relative tc
tary planned comparisons simply revealed a reliable differarm extension, arm flexion also facilitated the ability to
ence in change in enjoyment between the control group angenerate creative uses for a brick (Experiment 2), demol

the arm flexion and extension groups combing@g) = strating that the influence of approach and avoidance mot
3.65,p < .002. The latter two groups did not differ from one actions on creativity carries beyond the domain of insigh
another on this measure< 1.20. problem solving. In addition, arm flexion, relative to arm

In sum, the findings of Experiment 4 converge with thoseextension, improved retrieval of verbal solutions from
of Experiment 3 to suggest that positive state-associateghemory on a letter string completion task (Experiments :
internal cues (e.g., arm flexion) bolster and that negativeind 4), providing the first clear-cut evidence that moto
state-associated internal cues (e.g., arm extension) impadictions influence the memory search processes posited
memory search for novel responses. Moreover, the currenfffect creativity. Experiments 3 and 4 also provided prelim
study overcomes two critical shortcomings of Experiment 3inary support for the hypothesis that positive state-assoc
(i.e., the lack of instructions to proceed from left to rlght and ated processing cues, such as arm flexion, facilitate memo
the failure to ensure activation of initial “blocker” solutions search by diminishing retrieval blocking. All reported find-

on every puzzle) to provide more compelling evidence forings were highly reliable and found within two culturally
the corollary hypothesis that arm flexion improves, and arnyjstinct population samples.

extension diminishes, the ability to escape perseverance on

potentially obstructive, initially activated cognitive mate- ] )

rial. As predicted, the effects of approach and avoidancé\lteérnative Explanations

motor actions on memory search were once again statisti- Throughout the study, steps were taken to rule out

cally independent of the influence of emotiOf)a| §tates (€-9mumber of alternative explanations for the effects of ap
arousal) and nonemotional states (e.g., subjective task mogach and avoidance motor actions on creative cognitio
tivation). However, despite the strength of the current find-ge simple alternative explanation is that arm flexor con
ings, it must be reiterated that the lack of a significanty 4 tion may have been more pleasant or less effortful the
difference between the arm extension and control groups iy extensor contraction, thereby minimizing task distrac

Experiment 3 still renders it unclear as to whether avoidancg,, 4nd enhancing performance. To address this possibilit
motor actions yield effects on memory search that reliably,, experiments included measures of the pleasantness 2

differ from baseline. effortfulness of the arm contractions. These measures r
vealed no statistically reliable differences between condi
GENERAL DISCUSSION tions, although there was a nonsignificant trend in Experi

ment 1 for arm flexion to be experienced as somewtaie
This series of experiments tested whether internal, noneffortful than arm extension. More important, the facilita-
affective processing cues independently influence two mative effects of approach motor actions on creative cognitio
jor varieties of creative cognition: insight problem solving were not altered in statistical reliability by the inclusion of
and creative generation. Furthermore, it provided the firspleasantness or effortfulness ratings as auxiliary predictor
direct test of the notion that the effects of internal processThis suggests that the differential effects of arm flexion an
ing cues on creativity may be at least partly mediated by axtension found in the current study were not mediated b
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the subjective comfort or ease of the motor actions themsic motivation (one component of which is task enjoyment
selves. increases creativity has been proposed by Amabile (198
A more plausible, theoretically driven alternative expla-1996). To rule out this possibility, measures of post-tas
nation for the current findings is that approach and avoidenjoyment were included in Experiment 1, and measures
ance arm motor actions differentially influenced emotionalboth pre- and post-task enjoyment were included in Expe
experience or mood, which then mediated effects on creiments 2 to 4, for use as auxiliary predictors. Critically, the
ativity. Several researchers have proposed or adduced evitclusion of enjoyment and change in enjoyment as covar
dence that positive affective states facilitate and/or thaates did not diminish the reliability of the effects of arm
negative affective states impair creative thought (e.g., Hirtflexion and extension on creativity. Moreover, contrary tc
McDonald, & Melton, 1996: Isen, 1987; Schwarz & Bless, sporadic findings by Friedman andrster (2000), there was
1991). As such, it is critical to control for prospective absolutely no evidence that approach and avoidance mot
affective influences in making claims about the effects ofactions differentially influenced task enjoyment, casting ac
nonaffective internal processing cues on creativity. To ruleditional doubt on the possibility that intrinsic motivation
out affective mediation of the current findings, all four plays a mediational role. Interestingly, in contrast to Fried
experiments included measures of mood and/or distincan and Fester’s findings and consistent with Amabile’s
emotional states for use as statistical covariates in all essefL983, 1996) predictions, there was evidence that task e
tial analyses. Whereas Experiment 1 included only a posioyment (post-rated, Experiment 1) and change in enjoy
task measure of affective states, Experiments 2 to 4 alstent (Experiment 2) did positively predict insight problem
included pre-task measures of these states to control for tH®0lving and creative generation performance, respectivel
effects of preexisting differences in mood or emotions. ~ The inconsistency of our findings regarding task enjoymer
Summarizing across analyses, the effects of arm flexio@Cross current and past studies only suggests that asse
and extension on creative cognition were not diminished ifment of the influence of enjoyment (and intrinsic motivation
reliability by the inclusion of any measure of affect or more generally) on creativity requires additional, more the
change in affect as an auxiliary predictor. Although theseoretically driven empirical exploration.
findings are consistent with the notion that transient affect .
fails to mediate the influence of motor actions on creative Uturé Directions

cognition, they do not conclusively rule out the existence of Ag discussed earlier, the main objective of Experiments
any such mediational role. To rule out affective mediationand 4 was to find direct evidence that arm flexion, relative
more conclusively, future studies should at least includgp arm extension, enhances memory search for novel r
affective measures that are collected during, and not merelyponses. Interestingly enough, Experiments 3 and 4 not on
before and after, task engagement. That said, supplementagipported this prediction but also provided preliminary ev
analyses of the influence of affective states on creativgdence that the influence of approach and avoidance mot
cognition using the measures collected in the current studyctions on memory search is driven by differences in re
revealed only two reliable effects, both found in Experimentirieval interference. More specifically, arm flexion was
1: increased current levels of contentment predicted imfound to enhance performance following the activation o
proved insight problem solving, and increased current levelgnaterial that could block access to new solutions. Theore
of disappointment predicted impaired insight problem solv-ically speaking, this is consistent with the notion that the
ing. Again, these independent effects are consistent with thgsky, explorative processing style triggered by arm flexior
many theoretical approaches proposing differential effectengenders less perseverance on initially activated mater
of positive and negative affective states on creativity, in-in memory than does the risk-averse, vigilant processin
cluding the cognitive tuning framework currently espousedstyle triggered by arm extension. Again, the increased tel
(Friedman & Faster, 2000; Schwarz & Bless, 1991). It dency or capacity to escape fixation on initial cognitive
should be emphasized that the current findings in no wayontent presumably bolsters the ability of individuals per
imply that the effects of nonaffective internal cues superforming arm flexion, relative to those performing arm ex-
sede or mediate the effects of affective cues on creativitytension, to retrieve novel responses.
instead, they merely suggest that nonaffective internal cues Although the aforementioned findings are certainly sug
may independentlynfluence cognitive processing in a par- gestive, they merely comprise a first step toward empiricall
allel fashion (Friedman & Fwster, 2000). assessing the notion that nonaffective processing cues |
Another plausible alternative explanation for the currentfluence creativity by way of their impact on retrieval inhi-
effects of approach and avoidance motor actions on creativieition. Consistent with this approach, Smith (Smith, 1995
thought is that positive state-associated internal cues, suc®mith & Blankenship, 1991; Smith et al., 1993; Smith &
as arm flexion, bolster creativity not by eliciting a more Tindell, 1997) has recently proposed that the same mech
explorative processing style but rather by enhancing taskism that produces various forms of memory blocking, suc
enjoyment. As discussed earlier, the hypothesis that intrinas part—set cueing (e.g., Rundus, 1973) and output interfe
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ence (e.g., Karchmer & Winograd, 1971), may underlie the If the latter account is veridical, at least three intriguing
“fixation” effects that are a hallmark of creative problem empirical implications follow. First, activation of a promo-
solving (for a review of research on retrieval blocking, seetion or prevention focus via task framing or priming (e.g.,
Roediger & Neely, 1982). If so, then given the fact thatHiggins, Roney, Crowe, & Hymes, 1994; Shah, Higgins, &
approach and avoidance motor actions significantly influfriedman, 1998) should produce effects on creativity ana
ence creative cognition, these motor actions should analagous to those of arm flexion and extension, respectivel
gously influence traditional varieties of memory blocking, Second, individual differences in chronic promotion or pre:
with arm flexion diminishing and arm extension increasingvention focus (Higgins et al., 1997) should also lead tc
retrieval interference. We are currently seeking evidence tanalogous effects on creativity. Third, and perhaps mo:
this effect, which we believe would significantly elucidate interesting,negativeaffective states associated with a pro-
the process (or at least one of the processes) through whighotion focus (e.g., disappointment) should significantly
internal, nonaffective tuning cues render their impact onbolster,and positiveaffective states associated with a pre-
creativity. vention focus (e.g., relaxation) should significandliynin-
Another intriguing avenue for future research has beerish, creativity. Again, Higgins’ (1997) reasoning suggests
inspired by Higgins (1997), who posited that the influencethat it is the underlying regulatory focus, not the hedoni
of affect on creativity might be mediated not by the hedonictone (i.e., pleasure vs pain), of the affective state that drive
pleasure or pain accompanying affective states but rather biys impact on cognition. At present, we are actively explor-
the motivational orientations, eegulatory foci,underlying  ing the first two implications and plan to begin work exam-
and cross-cutting these states. Simply stated, Higgins’ regning the third.
ulatory focus theory proposes that there are two distinct Another planned line of empirical inquiry has been in-
self-regulatory systems: the promotion system, which regspired by the work of Elliot (Elliot, 1999; Elliot & Harack-
ulates motivation to attain nurturance (e.g., food), and théewicz, 1996), who has integrated the literature on achieve
prevention system, which regulates motivation to attainment motivation by proposing a trichotomous classificatior
security (e.g., shelter). In terms of emotional experiencepf achievement goals. These include mastery goals, whic
successful attainment of promotion goals engenders cheeare approach-oriented strivings focused on the developme
fulness-related affect, whereas failed promotion gives rise tof competence, performance approach goals, which are f
dejection-related affect. In complementary fashion, successused on the demonstration of normative competence, al
ful attainment of prevention goals engenders quiescencegserformance avoidance goals, which are focused on avoi
related affect, whereas failed prevention gives rise to agitaing the demonstration of normative incompetence.
tion-related affect (Higgins, Shah, & Friedman, 1997). Although not specifically suggested by Elliot, it is possi-
Although speculative at present, it is possible that theble that performance approach and mastery strivings (goe
distinct regulatory systems proposed by Higgins and hisadopted when the individual is challenged by the prospet
colleagues may substantially mediate the effects of arnof attaining normative success and achieving task master
flexion and extension on creativity. Specifically, arm flexorrespectively) may lead to the adoption of a relatively risky
contraction might be associated not merely with the pleaexplorative processing style, a style most suitable for thriv
sure of consumption but rather with theotivationto attain  ing within approach contexts (Schwarz, 1990). If so, thel
one’s wishes by approaching beneficial objects, that is, witlself-regulation driven by either performance approach ¢
a promotion focus. Likewise, arm extensor contractionmastery goals may bolster creativity on the task at hand. |
might be associated not merely with the pain of noxiouscorresponding fashion, it is possible that performanc
stimulation but rather with thenotivationto attain safety by avoidance strivings (goals adopted when the individual i
avoiding noxious stimuli, that is, with a prevention focus. In threatened by the prospect of demonstrating normative fai
terms of cognitive tuning, inasmuch as the prevention sysure) may lead to the adoption of a relatively risk-averse
tem is generally concerned with attaining or maintainingvigilant processing style, a style best suited for successf
security, activation of this motivational system (or cuesself-regulation within avoidance contexts (Schwarz, 1990
associated with it such as arm extension) may signal to th# so, then performance avoidance goals may impair cre
individual that the environment is prospectively threatening ativity on the task at hand.
thereby leading to the adoption of a more risk-averse, vig- Interestingly, Elliot (Elliot, 1999; Elliot & Harackiewicz,
ilant processing style and diminishing creativity. Corre-1996) has adduced evidence that performance approach &
spondingly, inasmuch as the promotion system is generallynastery goals, those sharing an approach orientation, si
concerned with attaining nurturance, activation of this mo-nificantly facilitate intrinsic motivation. Inasmuch as Am-
tivational system (or cues associated with it such as armabile (1983, 1996) documented that intrinsic motivatior
flexion) may signal that the environment is prospectivelybolsters creativity, it seems only reasonable to assume tt
benign, thereby engendering adoption of a more risky, experformance approach or mastery goals may facilitate innc
plorative processing style and bolstering creativity. vation by way of their influence on intrinsic motivation.
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Given this assumption, it may be the case that performanc@oliwitzer, P. M., & Moskowitz, G. (1996). Goal effects on thought and
approach and mastery goals are more potent elicitors of Pehavior. In E. T. Higgins & A. W. Kruglanski (Eds $ocial psychol-
creative cognition than are mere positive state-associated®?: Handbook of basic principlegp. 361-399). New York: Guilford.

cognitive tuning cues (e.g., arm flexion) inasmuch as thef'gg'nlsz’slz'jig%gw)' Beyond pleasure and paimerican Psychologist

n.Ot 9n|y engender an'ex'plo.ratlve .prolcessmg style but alsﬂiggins, E. T., Roney, C., Crowe, E., & Hymes, C. (1994). Ideal versus
significantly enhance intrinsic motivation. ought predilections for approach and avoidance: Distinct self-regulator
In conclusion, the current study has opened up a number systemsJournal of Personality and Social Psycholo®, 276—286.

of intriguing avenues for future research. Regardless Of—{iggins, E. T., Shah, J., & Friedman, R. (1997). Emotional responses t

where these lines of inquiry eventually lead, we hope that in goal attainment: Strength of regulatory focus as moderdtmrrnal of

conjunction with the current findings, they will help us to Personality and Social Psychology2, 515-525.

motivation. and creative cognition. (1997). The role of mood in quantitative and qualitative aspects o

’ performance: Single or multiple mechanisnig®irnal of Experimental

Social Psychology33, 602—-629.
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