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For example, Christman (2001) observed that left-handers,
a more mixed-handed group than right handers (Bryden &
Steenhuis, 1991; Christman, 1995; Hellige, 1993), exhibited great-
er Stroop interference and greater local–global interference, which
was interpreted as reflecting greater interaction between LH-based
verbal/local processing and RH-based chromatic/global processing.
Further, Propper, Christman, and Phaneuf (2005) observed an
advantage for mixed-handers over strong-handers on episodic re-
trieval tasks, converging on physiological research implicating
bilateral patterns of activity for enhanced performance on episodic
memory tasks (Platel, Baron, Desgranges, Bernard, & Eustache,
2003; Tulving, Kapur, Craik, Moscovitch, & Houle, 1994). Mixed-
handers also have an advantage over strong-handers for other
memory tasks that would benefit from increased IHI (e.g., source
memory), but show no such advantage on memory tasks that
would not require IHI (e.g., face recognition) (Lyle, McCabe, &
Roediger, 2008). While creativity and degree of handedness has
not been directly studied (although there are some studies that
have examined direction of handedness and creativity), mixed-
handedness has been associated with greater magical ideation
(Barnett & Corballis, 2002), and artists have a higher incidence of
sinistrality and mixed-handedness (Preti & Vellante, 2007). Fur-
ther, mixed-handers generate more alternate-endings to scenarios
(i.e., counterfactual thought) than do strong-handers (Jasper, Barry,
& Christman, 2008), and the frontal cortex of both hemispheres
contribute to counterfactual thinking tasks (Gomez Beldarrain,



Edinburgh Handedness Inventory (EHI) to determine strength of
handedness, the current Me = 77.5 was used. Because the EHI is
scored in increments of five, participants’ absolute scores of 80
and higher were considered to be strong handed and absolute
scores of 75 and lower were considered to be mixed-handers.
The current study consisted of 30 mixed-handers and 32 strong-
handers (only one strongly left-handed, score = �100).

2.2. Materials/apparatus

An adaptation of the Alternate Uses Test (Chamorro-Premuzic,
2006) was used to measure creativity. This adaptation consisted
of 20 common items (e.g. paper-clip, pencil, shoe, for full list see
Appendix A). We used 15 items from the original Alternate Uses
Test (Christensen et al., 1960) and five from a common word bank
(Snodgrass & Vanderwart, 1980). Each itemwas centered at the top
of an 8.500 � 1100 sheet of white computer paper, typed in 16 pt.
Times New Roman font. The common use appeared in parentheses
next to each item. Pre-tests items included five items printed in a
booklet with a title page that displayed the printed instructions in
16 pt. Times New Roman font. Post-test items included the remain-
ing 15 items printed in a separate booklet, also with a title page
containing the printed instructions. To avoid any order effects that
might be imposed by any specific item, two separate versions of
the pre-test and post-test were created, and items were randomly
ordered within each.

Responses on the Alternate Uses Test were scored on five differ-
ent sub-scores: (a) fluency, indicated by the total number of uses
listed per item (regardless of ‘quality’ or appropriateness); (b) orig-
inality, indicated by the number of responses provided by 0–5% pf
participants (3 points), 6–10% (2 points) or 11–15% (1 point) of all
participants in the sample; (c) amount of detail or elaboration pro-
vided for each use (on a 0–5 point scale); (d) flexibility or the num-



creative advantage, and whether creativity was differentially
affected pre-and post manipulation, the five sub-scores of the
Alternate Uses Test (fluency, detail, originality, categorical distinc-
tiveness and appropriateness), were submitted to a 2 (Condition:
control, bilateral EM) � 2 (Handedness: mixed, strong) �
(2) (Test: pre, post) mixed factorial MANOVA. Multivariate tests re-
vealed a significant main effect for Handedness (Wilk’s K = .779,
F(5, 54) = 3.06, p = .017, (g2

p ¼ :221) and Test (Wilk’s K = .735,
F(5, 54) = 3.89, p = .004, (g2

p ¼ :265) when the dependent variables
are linearly combined across all trials. No main effect for Condition
(Wilk’s K = .959, F < 1), or interactions of Handedness � Test
(Wilk’s K = .907, F < 1), Handedness � Condition (Wilk’s K = .978,
F < 1), Test � Condition (Wilk’s K = .947, F < 1), or Handed-
ness � Condition � Test (Wilk’s K = .927, F < 1) were observed for
the linearly combined sub-scores. Univariate ANOVA’s also re-
vealed no significant differences for Test for the five sub-scores,
suggesting that the main effect in the multivariate tests of pre vs.
post-test observed to be an overall practice effect that is not spe-
cific to any of the individual sub-scores.

3.3. Handedness findings for individual sub-scores of the Alternate
Uses Test (post circle task)

The analyses presented in this section are based on participants’
responses over all 15 trials of the Alternate Uses Task for each sub-
score. Univariate tests indicate that mixed-handers showed greater
fluency (M = 3.09, SE = .19) than strong-handers (M = 2.44, SE =
.18), F(1, 58) = 6.15, p = .016, (g2

p ¼ :096); mixed-handers (M =
2.45, SE = .142) showed greater categorical distinctiveness in their
answers than strong-handers (M = 1.67, SE = .13), F(1, 58) =
15.576, p < .001, (g2

p ¼ :21); mixed-handers (M = 2.70, SE = .16)
had more appropriate responses than strong-handers (M = 1.84,
SE = .15), F(1, 58) = 14.40, p < .001, (g2

p ¼ :20); and mixed-handers
(M = 3.35, SE = .28) showed more originality than strong-handers
(M = 1.84, SE = .27), F(1, 58) = 13.80, p < .001, (g2

p ¼ :19). Mixed-
handers (M = 2.5, SE = .13) were marginally higher than strong-
handers (M = 2.1, SE = .18) on the detail sub-score, F(1, 58) = 3.64,
p = .06, (g2

p ¼ :06). These results support the hypothesis that
mixed-handed individuals would demonstrate increased creativity
on these individual scores than strong-handers.

Additionally, a priori tests suggest that the higher creativity of
mixed-handers compared to strong-handers was driven solely by
differences in the control group, but not the bilateral EM group.
Comparisons between mixed and strong handers in the control
group (no bilateral EM) revealed differences on all five sub-scores
of creativity: fluency, F(1, 28) = 4.2, p = .05, g2

p ¼ :13 (Mmixed = 3.05,
SE = .24; Mstrong = 2.3, SE = .26); detail, F(1, 28) = 5.4, p = .03,
g2
p ¼ :16 (Mmixed = 2.54, SE = .17; Mstrong = 1.95, SE = .18); original-

ity, F(1, 28) = 9.14, p = .005, g2
p ¼ :25 (Mmixed = 3.06, SE = .39;

Mstrong = 1.03, SE = .42); categorical distinctiveness, F(1, 28) = 9.46,
p = .005, g2

p ¼ :25 (Mmixed = 2.4, SE = .20; Mstrong = 1.5, SE = .21);
and appropriateness, F(1, 28) = 9.5, p = .005, g2

p ¼ :25
(Mmixed = 2.75, SE = .22; Mstrong = 1.75, SE = .23).

These differences between strong and mixed-handers disap-
peared for the bilateral EM group for fluency (F < 1), detail (F < 1),
originality [F(1, 30) = 2.06, p = .16], categorical distinctiveness
[F(1, 30) = 3.08, p = .09], and appropriateness [F(1, 30) = 2.6, p =



for categorical distinctiveness, F(1, 30) = 4.71, p = .04, g2
p ¼ :14

(MbilateralEM = 2.22, SE = .20; Mcontrol = 1.56, SE = .23). No condition
differences were observed for early trials of mixed-handers
(Fs < 1), late trials of mixed-handers (Fs < 1), or late trials of
strong-handers (Fs 6 1).

Taken together, these results suggest that the bilateral EM
manipulation affected originality and categorical distinctiveness
scores of strong-handers during the early trials only, but this effect
dissipated by the later trials. At this point, we wondered just how



tion. However, for the categorical distinctiveness variable, only
Trials 1–3 (reported above) reached significance, and Trials 4–6
were marginally significant, F(1, 30) = 3.6, p = .06. Trials 7–9
[F(1, 30) = 2,4, p = .13], 10–12 [F(1, 30) = 2.5, p = .11], and 13–15
(‘‘late” trials, reported above) were not significant (see Fig. 3). This
suggests that the effect of bilateral EM’s on originality of strong-
handers may last up to 9 min before it dissipates. But, the effects
of bilateral EMs on categorical distinctiveness last at least 3 min
and maybe up to 6 min (see Figs. 2 and 3, and Table 2).

While significant differences between control and bilateral EM



Bryzgalov, 2006) observed bilateral EEG activity related to original-
ity scores on a remote-associates task. The patterns observed by
Razumnikova and colleagues also suggested that the hemispheres
may be involved in different processes that contribute to originality
such as, sustained attention, working memory, and diffuse activa-
tion of alternate word meanings and relationships. In addition,
the creativity construct of categorical distinctiveness may also take
advantage of specializations of the left and right hemispheres. The
LH is particularly well-suited to categorical processing whereas the
RH appears to be particularly well-suited to identifying multiple
categorical memberships without the ability to distinguish the
most relevant category (Chiarello & Richards, 1992; Chiarello
et al., 1992; Ince & Christman, 2002). Thus, recruitment of LH abil-
ities for identification of specific categories and RH abilities for
multiple categories may give rise to a combined advantage for cat-
egorical distinctiveness scores. The findings of Bechtereva et al.
(2004) also suggest that the LH is involved in categorical distinc-
tiveness (termed flexibility by them). We suggest that originality
and categorical distinctiveness responses were facilitated by IHI
because they involve both LH and RH processes, and that IHI will
have facilitative effects on any task that require bi-hemispheric
contributions. This has also been proposed and supported by Lyle
et al. (2008).

Even though originality and categorical distinctiveness do not
appear to rely on the same processes or neural substrates, we are
not suggesting that bilateral EMs result in a widespread, nonspe-
cific activation of the cerebral hemispheres. Rather, our findings
present evidence to the contrary because appropriateness, fluency,
and detail, were largely unaffected by the bilateral EM manipula-
tion. Although prior research is quite limited, these three response
types may be more effectively processed unilaterally, within the
LH or RH. Both verbal fluency (Baldo, Schwartz, Wilkins, &
Dronkers, 2006) and appropriateness (Torrance & Horng, 1980)
may be relatively restricted to LH processes. Conversely, ability
to report visual details (Kessinger & Choi, 2009) and generate de-
tailed visual images appears to be more reliant on RH processes
(Gasparini et al., 2008; Sviderskaya, Taratynova, & Kozhedub,
2006), and may be analogous to the detail measure in our study.
If bilateral EMs generated nonspecific activation of both hemi-
spheres, our control group would have exhibited lower scores on
each of these sub-scores. Our findings raise the possibility that only
categorical distinctiveness and originality were affected by the EM
manipulation because these behaviors can benefit from combined
LH and RH processes, whereas appropriateness, detail, and fluency
may be more reliant on unilateral processes.

Interestingly, it has been proposed that bilateral EMs may en-
able greater access to RH processes (Christman & Propper, in
press), and our observation of a marginal detail advantage
(p = .06) for bilateral EM participants does not undermine this pos-
sibility. But we also recognize that prior research on hemispheric
asymmetries for generating details during visual imagery is sparse,
thus limiting our speculations. Even still, if the bilateral EM task re-
sulted in a generalized activation of both hemispheres, then
strong-handers in our study should have (1) shown an improve-
ment in the EM group over the controls for fluency, detail, and
appropriateness; or (2) matched the mixed-handers. Instead, the
mixed-handers outperformed them in the control and the bilateral
EM groups, and so we are reasonably confident that the effect is
task specific.

We also suspect that the IHI of mixed-handers is qualitatively
different from the IHI facilitated by bilateral EMs because the
manipulation did not raise all five sub-scores of strong-handers
to levels equivalent with mixed-handers. While lengthy explana-
tions of the mixed-handers advantage for detail, fluency, and
appropriateness are beyond the scope of this paper, one possibility
is simply that the basic anatomical difference in the size of the cor-
pus callosum between strong and mixed-handers (Driesen & Raz,
1995; Habib et al., 1991; Witelson & Goldsmith, 1991) does not
change following an EM task. The larger corpus callosum may give
the mixed-handers a more generalized advantage on the measures
we assessed. We readily acknowledge, however, that the literature
is replete with inconsistent findings in support of a relationship be-
tween handedness and callosal size. The corpus callosum clearly
facilitates transfer of information between the hemispheres, but
it may also serve to reduce interference between the hemispheres.
Recent work by Welcome et al. (2009) suggests that in mixed-
handed males a larger corpus callosum may facilitate integration,
but in mixed-handed females it may minimize interference. In
our study, the participants were largely female, and so the
mixed-handed advantage for detail, fluency, and appropriateness
may reflect minimized interference for these supposed unilateral
processes.

So, then, the question remains: What change does a bilateral EM
task induce in the brain? Although the notion of a central executive
in the mind may itself be overrated, we propose that bilateral eye
movements serve to activate the neural substrates governing
metacontrol processes that direct task specific processing (for re-
view of metacontrol, see Hellige, 1995). Lohr et al. (2006) also sug-
gest that metacontrol processes are the root of IHI. The work of
Kounios et al. (2006) suggests the locus of this metacontrol mech-
anism for creativity may be the anterior cingulate cortex (ACC), but
future neuroimaging research may be necessary to determine the
relationship between bilateral EMs and the ACC.

Although we did not directly measure the effects of bilateral
EMs on hemispheric activity, our findings add to a largely consis-
tent set of behavioral and physiological findings from various lab-
oratories indicating that bilateral EMs exert bilateral effects on
hemispheric processing.



the verbal LH is the cause of bilateral activity. In addition to the
bilateral patterns of activity reported by Folley and Park (2005)
who utilized picture stimuli and allowed for spatial manipulation
of those pictures before giving a verbal response, various creativity
tasks have been associated with activity in LH frontal and tempero-
parietal structures involved in spatial perception of objects (Jung-
Beeman et al., 2004
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