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Unilateral muscle contractions
enhance creative thinking
Abraham Goldstein, Ketty Revivo, Michal Kreitler, and Nili Metuki
Bar-Ilan University, Ramat Gan, Israel

Following the notion of relative importance of the right hemisphere (RH) in creative thinking, we explored
the possibility of enhancing creative problem solving by artificially activating the RH ahead of time using unilateral hand contractions. Participants attempted to complete the Remote Associates Test after squeezing a ball
with either their left or right hand. As predicted, participants who contracted their left hand (thus activating the
RH) achieved higher scores than those who used their right hand and those who did not contract either hand.
Our findings indicate that tilting the hemispheric balance toward the processing mode of one hemisphere by
motor activation can greatly influence the outcome of thought processes. Regardless of the specific mechanism
involved, this technique has the potential for acting as a therapeutic or remedial manipulation and could have
wide applications in aiding individuals with language impairments or other disorders that are believed to be
related to hemispheric imbalances.

Creative thinking entails the formation of associative
links between otherwise unrelated concepts in order to
solve problems in novel ways. As such, it is thought to
require divergent thinking, which involves simultaneously
considering various ideas, meanings, and approaches in
order to derive a solution (Mednick, 1962). One possible
approach to investigating the cognitive processes underlying the complex phenomenon of creative thinking is to
examine the neural circuits involved. A widely held notion
is that the information-processing style used by the right
hemisphere (RH) facilitates this type of thinking (Fiore &
Schooler, 1998) and has been supported in a recent metaanalytic review (Mihov, Denzler, & Förster, 2010). For
example, the RH was found to be involved in reasoning
about incompletely specified situations and in the maintenance of ambiguous mental representations (Goel et al.,
2007), as well as in set-shift problems (Goel & Vartanian,
2005). Analogously, psycholinguistic studies have shown
that the RH induces diffuse activation of a broader semantic field that includes distant, unusual, and seemingly
unrelated features, relative to the more constrained activation caused by the left hemisphere (LH; Jung-Beeman,
2005). For instance, studies have documented the relative
importance of the RH in divergent semantic processing
(Howard-Jones, Blakemore, Samuel, Summers, & Claxton, 2005), in the generation of unusual verbs for presented
nouns (Seger, Desmond, Glover, & Gabrieli, 2000), and in
comprehending novel metaphors (Arzouan, Goldstein, &
Faust, 2007).
Obviously, this approach does not maintain that creativity resides in the RH. As with any other high-level cognitive task, creative thinking involves a wide number of

brain regions in both hemispheres working in a complex
manner. Nevertheless, the wealth of findings associating
RH activity with creative thinking indicate that the mode
of operation of the RH (e.g., broad semantic fields, divergence) is particularly advantageous during such tasks;
thus, conditions that enhance RH activity might lead to
better performance.
The involvement of the RH in creativity has been demonstrated mainly in correlative studies showing a connection between RH activation and creative thinking performance. Our aim in this study was to explore the possibility
of enhancing creative thinking by artificially activating
or priming the RH ahead of time. Showing that a direct
manipulation of the hemispheric balance has an effect on
creativity would strengthen the case for the involvement
of RH mechanisms. One method to achieve asymmetrical hemispheric activation is by way of unilateral muscle
contractions. A number of studies have shown that contraction of the hand or face muscles has an effect on emotion and motivation, presumably by activating the motor
and sensory areas of the hemisphere contralateral to the
hand (Baumann, Kuhl, & Kazén, 2005; Harmon-Jones,
2006; Peterson & Harmon-Jones, 2008; Schiff, Esses,
& Lamon, 1992; Schiff & Lamon, 1989, 1994; Shrira &
Martin, 2005). For example, consistent with the approach/
withdrawal motivational account of frontal asymmetry
(Davidson, 1992), right-hand contractions, when compared with left-hand contractions, had the following effects: (1) less-negative emotional tones in descriptions of
Thematic Apperception Test pictures (Schiff & Lamon,
1994); (2) greater persistence in attempting to solve insoluble problems (Schiff, Guirguis, Kenwood, & Her-
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man, 1998); (3) greater self-reported approach affect to a
mildly positive radio editorial (Harmon-Jones, 2006); and
(4) greater aggression toward insults (Peterson, Shackman, & Harmon-Jones, 2008).
These behavioral and emotional consequences of unilateral contractions have been interpreted as resulting
from the spreading of activation from sensorimotor areas
to anterior regions of the activated hemisphere, affecting
the asymmetry in those regions as well. In line with this
interpretation, contractions of the right hand have been
shown to induce less alpha synchronization in left frontal areas (Harmon-Jones, 2006), causing a relative LH/
RH asymmetry. Another possibility is that unilateral contractions induce lateral orientation of attention, which in
turn leads to relatively greater activation in the contralateral hemisphere (Drake, 1991; Kinsbourne, 1970). In
any case, unilateral hand contractions have been regarded
as a manipulation of the relative balance of hemispheric
activation.
Here, we tested whether unilateral hand contractions
would have cognitive consequences for divergent thinking.
In order to test the effects of unilateral hand contractions
on creative thinking, we used a simple paper-and-pencil
version of the Remote Associates Test (RAT; Mednick,
1968). In this widely used test of creative thinking, participants are presented with three words (e.g., tooth,
potato, heart) and are asked to produce a solution word
(e.g., sweet) that is related to all three words. Findings
suggest that the RH is better able to retrieve and maintain
semantic activation of unusual interpretations of the problem elements (Beeman & Bowden, 2000); brain imaging
and EEG data also agree with the notion of the relative
importance of the RH in the RAT (Jung-Beeman et al.,
2004). Unilateral hand contractions were operationalized
by following the ball-squeezing procedure of Schiff et al.
(1998). The hypothesis was that left-hand contractions
would cause RH activation, thus shifting the hemispheric
asymmetry toward the RH and leading to better scores in
the creative thinking task.
Method
Participants
The 40 participants (24 female) were all right-handed volunteers
who were native Hebrew speakers and were 21–35 years of age.
The participants were randomly assigned to the control (n 5 10),
left-hand (n 5 15), or right-hand (n 5 15) squeeze condition. In
order to rule out the effects of emotion, two additional groups (both
ns 5 10, 5 females in each group) contracted the right or left hand
and subsequently completed a mood questionnaire without taking
the creative thinking task.
Procedure
The participants were tested individually in a quiet room and were
told that the research concerned the relationship between motor and
cognitive activity. Participants in the contraction conditions squeezed
a 7-cm-diameter rubber ball in their left or right hand. They were
instructed to squeeze the ball as hard as they could while the other
hand lay flat on the table or on their leg, with the palm facing down.
Participants squeezed the ball for 45 sec and relaxed for 15 sec. This
was repeated four times. In the control condition, participants rested
both palms on the table or leg and waited 4 min in a relaxed state
before starting the experiment.

Immediately after this, participants performed two line-bisection
trials as a manipulation check. On each trial, they were asked to
mark the exact center of a 180-mm black line printed horizontally
on a white sheet of paper. The line was printed at midheight of the
page and was closer to the right border on one trial and closer to the
left border on the other. Participants used a fine-point pen to bisect
the line as accurately as they could. Scores reflected the percent
of deviation from the center of the line: Positive scores reflected a
bias to the right side (stronger LH activation), and negative scores
reflected a bias to the left side (stronger RH activation).
Following the line-bisection task, participants received a Hebrew pencil-and-paper version of the RAT (Nevo & Levin, 1978),
which was based on Mednick (1968). The test comprised 25 items
ordered by difficulty. Each item contained three cue words, all associated with one word, such that they formed a compound word or
a construct-state expression when attached to the target word (e.g.,
cue: pie, crab, pine; target: apple). Participants were instructed to
solve as many problems as they could in 15 min. They could skip
problems or return to them at will. After this time, two additional
line-bisection trials were performed. Last, in order to monitor possible motivational and emotional effects, participants’ emotional state
was assessed by means of the PANAS test (Watson, Clark, & Tellegen, 1988), in which they indicated the extent to which they were
experiencing 1 of a list of 20 emotions (10 positive, 10 negative)
on a 5-point scale. Participants in the additional control conditions
completed the PANAS test immediately after the manipulation.

Results
The line-bisection index was more positive for righthand contractions (M 5 1.79, SE 5 0.58) than for lefthand contractions (M 5 0.11, SE 5 0.58) [t(28) 5 2.05,
p , .05, Cohen’s d 5 0.74], indicating that the manipulation had the expected hemispheric effect—right-hand
contractions’ leading to stronger LH activation. The handcontraction effect remained in the posttest line-bisection
trials [t(28) 5 2.28, p , .05, Cohen’s d 5 0.83]. An
ANOVA conducted with number of problems solved in the
RAT as the dependent variable and condition (right, left,
control) as the independent variable revealed a significant
effect of condition [F(2,37) 5 7.35, p , .005, h 2p 5 .28].
RAT scores were highest for left-hand contractions, lower
for no contractions, and lowest for right-hand contractions (Figure 1). Post hoc tests (Duncan, 1955) revealed
that the left-hand contraction group differed significantly
from both the right-hand ( p , .01, Cohen’s d 5 0.59) and
control ( p , .05, Cohen’s d 5 0.32) groups. Overall, RAT
scores were negatively correlated with line bisection (r 5
2.51, p , .001), indicating that the greater the RH bias,
the higher the scores on the creative thinking task. To test
for emotional effects, the correlation between RAT and
PANAS scores was analyzed. RAT scores were inversely
related to the negative-affect PANAS scores (r 5 2.40,
p , .05) but were not correlated with the positive items
of the PANAS. Participants who scored higher in the RAT
test reported less negative emotion.
The possible impact of emotional aspects was further investigated by repeating the main ANOVA with the PANAS
scores as covariates. The effect of hand contraction remained significant [F(2,35) 5 5.91, p , .005], even when
we controlled for positive and negative affect scores. In
addition, ANOVAs of PANAS scores (positive and negative) of the right-hand and left-hand contraction condi-
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Figure 1. Remote Associates Test (RAT) scores (bars) and line-bisection indexes (lines) for right-hand, left-hand, and
no-squeeze conditions. Error bars indicate the standard errors.

tions, after the creativity test and without it (Table 1), revealed no significant effects or interactions (all ps . .2).
Discussion
Muscle activity in the hand is caused by activation of
motor and sensory areas of the contralateral hemisphere.
Previous studies have shown that the spreading of activation from these areas to other regions of the brain can have
behavioral and emotional manifestations (Harmon-Jones,
2006; Schiff & Lamon, 1994). Our results indicate that
such effects are not limited to emotional responses but
can have significant consequences in cognitive processing. Consistent with the findings regarding RH contribution to creative thinking—which are, for the most part,
only correlative—we found that activating the RH by
contracting the left hand resulted in better performance
on a creative thinking task. Participants who squeezed
the ball with their left hand achieved higher scores than
those who used their right hand or who did not squeeze
a ball at all.
Table 1
Mean Positive Affect–Negative Affect (PANAS) Scores Before
and After the Remote Associates Test (RAT)
in All Experimental Conditions

Negative
Positive

Right hand
Left hand
Right hand
Left hand

After RAT
M
SD
19.6
9.1
14.8
5.7
24.1
5.8
22.9
6.9

Without RAT
M
SD
14.4
5.1
15.8
5.3
23.0
7.8
23.9
6.8

It might be argued that the results on the creative thinking task were due to changes in motivation and not in
cognitive/semantic mode. Previous studies have shown
how cuing a motivational state by contracting the extensor muscles of the arm or by cognitive nonsomatic cues
can improve performance on creativity tests (Friedman
& Förster, 2002, 2005). However, in our case, the hemispheric effects associated with approach/withdrawal motivation predicted effects opposite to those we found. For
example, Schiff et al. (1998) reported higher persistence
in solving insoluble puzzles after right-hand muscle contractions, supposedly due to more approach motivation
and positive affect. If such motivational biases occurred
in our experiment, they did not lead to observable performance outcomes. In fact, our results indicate that RAT
scores were lower after right-hand muscle contractions
and were associated with negative affect. Thus, it appears
that, in our study, the negative mood was secondary and
might have been the result of self-evaluation of performance and not of hemispheric asymmetry. This is further
corroborated by the lack of difference in PANAS scores
between left- and right-contraction groups who did not
participate in the problem-solving task.
The impact of unilateral muscle contraction on RAT
scores seems to consist of both an enhancing effect of lefthand contraction and a detrimental effect of right-hand
contraction. Creative thinking was significantly improved
after squeezing with the left hand, relative to that in the
no-squeeze condition. Thus, we suggest that increasing
RH activity tilted the hemispheric balance toward divergent thinking and coarse coding, which are advantageous
for solving these types of problems. Squeezing with the
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right hand resulted in poorer performance (although not
statistically significant) than in the control condition, presumably by biasing toward fine coding and a convergent
thinking style. Follow-up research should seek a double
dissociation and test the effects of unilateral contraction
on tasks demanding LH processing modes.
The detrimental effects of right-hand contractions, together with the correlation between RAT score and linebisection index (regardless of group), suggest that relative
right/left activation, and not absolute hemispheric activation, is the key factor. Studies using unilateral vibrotactile
stimulation (Bassel & Schiff, 2001) have shown effects
similar to those of unilateral contractions. Thus, the exact
manipulation—motor or sensory—seems not to be crucial, as long as it produces a sufficient change in the hemispheric balance. Simple motor responses or short movement sequences that activate motor areas are not likely to
tilt the hemispheric balance and spread to other areas and
thus do not have motivational or cognitive consequences,
as do those reported here. Also, it is not likely that the effects of hand contraction are related to hand dominance,
since, in previous studies, they appeared to be the same
when facial muscle contraction and forced nostril breathing were used (Schiff et al., 1998), whose dominance is
not consistent with hand dominance.
The exact mechanism underlying the effects of unilateral muscle contraction on cognition and motivation is unknown. One possible mechanism could be the spreading
of alpha-rhythm desynchronization. Voluntary movement
and somatosensory stimulation are known to reduce the
power of mu rhythms (which are in the same frequency
range as alpha: 8–13 Hz) over sensorimotor cortex (Pfurtscheller, Neuper, Andrew, & Edlinger, 1997). Contraction
of the right hand has been shown to induce less alpha synchronization in left sites that spreads from central areas
to frontal areas (Harmon-Jones, 2006), causing a relative
LH/RH asymmetry. The LH bias resulted in approach
motivational behavior—for example, anger toward insult
(Peterson et al., 2008)—consistent with the approach/
withdrawal motivation model of frontal asymmetry (Davidson, 1992). The cognitive effects reported in the present study might be explained in a similar fashion. If lefthand squeezing led to an alpha-range desynchronization
in RH sensorimotor areas, this activity pattern is likely
to have spread to other anterior and posterior regions in
that hemisphere, not only to the frontal areas involved in
motivation.
Recently, hemispheric asymmetry in resting-state
EEG has been shown to be related to individual differences in insight-problem solving (Kounios et al., 2008).
Participants who were more likely to use insight during
anagram problem solving had lower alpha–EEG power
at right dorsal-frontal areas and greater alpha power at
left inferior-frontal and left anterior-temporal sites. Other
studies have found hemispheric differences in alpha-band
transient event-related synchronization and desynchronization during creative thinking tasks (Grabner, Fink, &
Neubauer, 2007; Jung-Beeman et al., 2004; Sandkühler
& Bhattacharya, 2008). Whether unilateral muscle con-

tractions influence creative problem solving by spreading alpha activity from motor to cognitive areas should be
tested using electrophysiological measures. This would
also assist in defining the time course and duration of the
effect.
Another possible mechanism underlying our findings
could be an indirect effect of spatial attention. Squeezing
with one hand may shift the attention to that side of the
body and activate the contralateral hemisphere responsible for that part of space/body. This is reflected in the
results reported here on the line-bisection task. Inducing
attention orientation to one side might lead to activation of
the contralateral hemisphere (Drake, 1991; Kinsbourne,
1970). A recent study (Bultitude & Woods, 2010) has
shown that adaptation to leftward-shifting prisms, which
has a rightward visuomotor aftereffect, can influence the
global–local nonspatial attentional bias. Thus, it is possible that unilateral hand contractions have a similar aftereffect, resulting in a bias toward the attentional style of
the contralateral hemisphere.
The general right–left dichotomy is, of course, simplistic and should be used cautiously. Unquestionably,
creativity does not reside or originate in the RH—or, for
that matter, in any particular brain area. Both hemispheres
are involved in every mental task we perform, working in
concert, each providing particular information relevant to
its processing style. Nevertheless, our findings indicate
that tilting the hemispheric balance toward the processing
mode of one hemisphere artificially by motor activation
can greatly influence the outcome of the thought process.
Regardless of the specific mechanism involved, if our results are replicated in other tasks and cognitive domains,
this technique has the potential to act as a therapeutic
or remedial manipulation and could have wide applications—for example, in aiding individuals with language
impairments or other disorders believed to be related to
hemispheric imbalances.
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