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Abstract

Although anecdotal and correlational results have suggested a reliable relationship between creativity and psychosis, few

studies have examined this relationship using empirical methods. In addition, little is known about the neural substrates of

creative thinking. We investigated the creative thinking process in relation to schizotypal personality, schizophrenia and

prefrontal hemispheric laterality using behavioral and near-infrared optical spectroscopy (NIRS) methods. Schizophrenic,

psychometrically ascertained schizotypal, and healthy control subjects (all right-handed) participated in a novel balternate usesQ
task designed to assess divergent thinking (DT) ability. The DT task required subjects to generate busesQ for conventional and
ambiguous objects. Prefrontal activity was measured using NIRS while subjects were engaged in DT vs. a cognitive control task

in a subset of the subjects. Behavioral data indicated that schizotypes had enhanced DT ability compared with schizophrenic and

control subjects, who showed similar performance overall. NIRS data showed that DT was associated with bilateral prefrontal

cortex (PFC) activation, but the right PFC particularly contributed to the enhanced creative thinking in psychometric

schizotypes compared with the other two groups. Thus, creative thinking seems to robustly recruit bilateral PFC, but it is

the right PFC that is preferentially activated in schizotypes in relation to their enhanced DT.
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1. Introduction

Archival and biographic data from individuals with

psychotic illnesses and from their relatives have sup-

ported the association between creativity and mental

illness; however, few studies have used hypothesis-
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driven and empirical methods to examine the link

between creativity and psychosis.

There is overwhelming support for a positive rela-

tionship between creativity and schizotypy (cf.

Eysenck and Furnham, 1993; Gianotti et al., 2001;

Kline and Cooper, 1986; Merten and Fischer, 1999;

O’Reilly et al., 2001; Poreh et al., 1994; Rawlings and

Toogood, 1997; Rushton, 1990; Rust et al., 1989;

Weinstein and Graves, 2001, 2002; Woody and Clar-

idge, 1977; Zanes et al., 1998) but currently, there is

little support for enhanced creative ability in schizo-

phrenics (Andreasen and Powers, 1975; Cropley and

Sikand, 1973; Keefe and Magaro, 1980; Shimkunas

and Murray, 1974). Yet, several studies using retro-

spective analyses of birth records, found support for

increased creativity in the relatives of schizophrenic

individuals, rather than in the probands themselves

(Karlsson, 1970, 1984). These results suggest that

enhanced creativity may be masked by the psychotic

illness in the probands but can be detected in those

individuals who share a latent liability for psychosis.

Examining a clearly defined aspect of creativity in

relation to brain laterality in schizotypal individuals or

those at high risk for schizophrenia is warranted.

Two major established theories define the process

and products of creative thinking. Guilford (1959) has

emphasized divergent thinking (DT) and the use of

generative, flexible responses that redefine or elabo-

rate upon an existing product or idea. Mednick (1962)

built upon this definition, showing that creative think-

ing emphasizes generating novel associations. DT has

emerged as a valid core element in the creative think-

ing process (Bartlett and Davis, 1974; Torrance,

1988).

The spread of activation through semantic net-

works is central to verbal DT models. When indirectly

related associations are activated, creative solutions

are thought to be enhanced (Mohr et al., 2001; Pizza-

galli et al., 2001). Schizophrenic patients (Spitzer et

al., 1993; Weisbrod et al., 1998) and schizotypes

(Gianotti et al., 2001; Mohr et al., 2001; Pizzagalli

et al., 2001) show increased indirect semantic prim-

ing, suggesting that semantic organization may be

altered and accessing indirect connections may be

easier for psychosis-prone individuals. It is also pos-

sible that greater spreading activation could increase

across hemispheres in individuals who have decreased

cerebral lateralization. The right frontal lobe is in-
volved in generating unusual or distant verbal asso-

ciations while the left frontal lobe is involved in

generating busualQ associations (Kiefer et al., 1998;

Seger et al., 2000) Enhanced creativity and schizotypy

may be associated with increased interhemispheric

transfer (Miran and Miran, 1984), thereby making

more efficient use of bilateral networks to generate

associations.

Increased hemispheric interactions and reduced

laterality may be central to both schizophrenia and

creativity. Divergent and creative thinking may be

characterized by increased cooperation of the two

hemispheres (Atchley et al., 1999; Bekhtereva et al.,

2000; Carlsson et al., 2000), and reduced hemispheric

dominance has been linked to creativity (Claridge and

Broks, 1984). Schizophrenia is associated with re-

duced functional and structural laterality. There is

robust support for mixed handedness in schizophrenia

(Cannon et al., 1995; Crow et al., 1996; DeLisi et al.,

2002) and in schizotypes (Chapman and Chapman,

1987; Claridge et al., 1998; Kim et al., 1992; Richard-

son, 1994) rather than pure left-handedness (Shaw et

al., 2001). Mixed handedness is associated with de-

creased cerebral lateralization, schizotypy, and en-

hanced creativity (Claridge and Broks, 1984).

However, several neuroimaging and lesion studies

also report specific RH correlates of creative thinking

(Bowden and Beeman, 2003; Jung-Beeman et al.,

2004; Martindale et al., 1984; Miller and Tippett,

1996; Razumnikova, 2004), although such unilateral

functional preference may also be an outcome of

intrahemispheric cooperation (Petsche, 1996;

Razoumnikova, 2000). However, a direct comparison

of these studies is problematic because definitions of

bcreativityQ vary wildly.

In the present study we examined creative perfor-

mance in normal controls, schizophrenics, and psy-

chometrically ascertained schizotypes using a novel

DT task in order to: (1) test the association between

enhanced creativity and schizotypy; and (2) elucidate

the neural correlates of DT. We examined hemispheric

prefrontal activation during creative thinking using

near infrared spectroscopy (NIRS) in a subset of sub-

jects from the behavioral experiment. We hypothe-

sized that DT would be associated with greater

bilateral PFC activity and that the schizotypes would

show greater PFC activity during DT than other

groups.
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2. Method

2.1. Subjects

Demographic information is presented in Table 1.

17 outpatient schizophrenic (SZ) subjects who met the

DSM-IV criteria were recruited from a local clinic. 17

healthy control (CO) and 17 schizotypal (SCT) sub-

jects were recruited from the community. Exclusion

criteria included substance abuse, neurological disor-

ders, and history of head trauma. All patients were

taking atypical antipsychotic drugs and were clinically

stable. There were no significant group differences in

education, handedness, or intelligence.

A randomly selected subset of the subjects partic-

ipated in the NIRS part of the study. 10 SZ, 10 SCT

and 10 CO participated. There were no significant
Table 1

Demographic and clinical characteristics of the sample

Behavioral task

participants

Normal control

N =17

Schizotypal

N =17

Schizophrenic

N =17

% female 47% 47% 29%

Age 35.2 (3.1) 22.8 (1.8) 39.5 (2.6)

Years of education 12.9 (0.3)a 13.9 (0.3)a 13.0 (0.5)a
Edinburgh 60.3 (15.2)a 45.9 (13.3)a 54.7 (13.4)a
SPQ 20.9 (1.8) 44.7 (2.1) –

BPRS – – 25.0 (3.9)

SANS – – 28.5 (3.9)

SAPS – – 27.3 (5.7)

WASI 101.6 (3.4)a 111.1 (3.5)a 100.4 (3.2)a
Letter fluency 41.5 (2.6)a 42.5 (3.0)a 34.7 (2.8)a
Category fluency 36.8 (1.7) 40.0 (1.5) 31.2 (1.2)

Design fluency 8.4 (0.8)a 10.8 (0.9)a 8.6 (0.7)a

NIRS participants

(subset of

the above)

Normal control

N =10

Schizotypal

N =10

Schizophrenic

N =10

% female 40% 50% 30%

Age 36.4 (3.1)a 23.3 (1.6) 36.7 (2.9)a
Years of education 13.2 (0.4)a 13.8 (0.4)a 13.4 (0.3)a
Edinburgh 65.0 (22.2)a 66.7 (7.4)a 65.9 (8.3)a
SPQ 19.3 (3.5) 41.5 (1.1) –

BPRS – – 13.2 (3.0)

SANS – – 12.9 (3.0)

SAPS – – 12.4 (4.3)

WASI 98.0 (5.2)a 112.3 (5.3)a 99.8 (6.0)a
Letter fluency 39.9 (4.0)a 45.0 (3.1)a 37.6 (3.1)a
Category fluency 40.2 (2.3)a 42.6 (1.9)a 32.2 (1.9)

Design fluency 6.9 (1.0)a 9.7 (1.5)a 9.5 (0.9)a

Values with the same subscript are statistically similar at p N .05 using

the Sidak test within each variable. Values shown are Mean (S.E).
group differences in education, handedness, fluency,

or IQ for this subset; but SCT were younger than SZ

or CO.

The study was approved by the Vanderbilt Institu-

tional Review Board, and informed consent was

obtained from all participants, who were compensated.

2.2. Design and material

Clinical symptoms and schizotypal personality

questionnaires: For SZs, clinical symptoms were

assessed with the Brief Psychiatric Rating Scale

(BPRS; (Lukoff et al., 1986) and the Scales for the

Assessment of Positive (SAPS) and Negative (SANS)

Symptoms (Andreasen, 1982; Andreasen and Olsen,

1982). All normal subjects filled out the Schizotypal

Personality Questionnaire (SPQ; (Raine, 1991), a self-

report measure with 74 true–false items.

IQ, handedness and neuropsychological measures:

General intellectual functioning was assessed using

the Wechsler Abbreviated Scales of Intelligence (Psy-

chological Corporation, 1999). The Modified Edin-

burgh Handedness Inventory (Schachter et al., 1987)

was used to assess handedness. Fluency was measured

using verbal (FAS; (Spreen and Strauss, 1998), cate-

gory (animals and boys’ names; (Spreen and Strauss,

1998), and design (Five Point Test; (Regard et al.,

1982) fluency tasks.

Creativity tasks: We used the Remote Associates

Test (RAT) (Mednick, 1962) and developed a novel

divergent thinking task based on earlier models of

creativity (Guilford, 1959; Torrance, 1988; Wallach

and Kogan, 1965). The RAT is a paper-and-pencil

task. Thirty sets of three words are presented and

subjects are required to find a word that links the

three target words in the set. For example, given the

word set of blue, cake and cottage, the correct answer

would be dcheeseT. The RAT requires association

generation and convergent thinking in order to link

the remote associations.

The novel Divergent Thinking Task (DTT) required

subjects to generate dusesT for real objects. Each trial

began with the presentation of the stimulus object or

objects. Subjects then touched and explored the

object(s) and described how they would use the

object(s). There was no time limit. Subjects’ responses

were recorded verbatim by the experimenter. Subse-

quent trials began when subjects said that they had
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finished generating dusesT. There were two types of

object conditions (see Fig. 1). For half of the trials,

common, familiar objects were presented (conven-

tional condition). For the other half, unfamiliar,

novel objects were presented (ambiguous condition).

There were 5 trials per condition. Each trial had

different number of objects ranging from 1–5 items.

For single object trials, subjects generated uses for

that item. For trials that contained multiple objects,

subjects were asked to generate uses for the objects

alone and in combination. Thus the task demand was

varied with increasing the bcombinatory loadQ (i.e.,

generating uses for a combination of the objects).

NIRS was performed using a 24-channel spectrom-

eter (Hitachi ETG-100 system) using two amplitude

modulated (0.6 and 1.5 kHz) laser diodes (3F0.15

mW) with wavelengths of 780(F20) and 830(F20)

nm. Signals were acquired at 10 Hz from PFC and

converted to chromophore concentrations (oxyhemo-

globin (oxyHB), deoxyhemoglobin (deoxyHB), and

total HB using the modified Beer–Lambert Law.

Probes were placed on the forehead according to the

International 10–20 system of EEG electrode place-

ment (Fig. 3a) with RH probes covering areas Fp2, F4

and F8, and LH probes covering areas Fp1, F5 and F7.

A modified DTT using pictures of common house-

hold objects was used in a block design for the NIRS

experiment. Modifying the behavioral task was nec-
1. Pencil Eraser 2. Sewing Equipment 3. Eating Ute

1. Ambiguous Object 1 2. Ambiguous Object 2 3. Ambiguous 

Conventional

Ambiguous S

Fig. 1. Stimuli used in the novel divergent thinking task
essary to avoid motion artifact produced during speak-

ing. Therefore, the modified DTT required key presses

during NIRS recording, but we recorded the ideas

generated immediately after each run (see below).

In the modified DTT, a target object was presented

above a central fixation point on a computer screen

with an array of 8 other, numbered objects below the

fixation point. Subjects were required to decide which

objects in the array could be busedQ with the target.

They indicated their response by pressing number

keys corresponding to the numbered objects. To con-

trol for the categorization and decision making com-

ponents of the DTT, we included a control task. In the

control task, a target object was presented on top of a

computer screen with an array of 8 other, numbered

objects below it. Subjects were required to decide

which objects were similar in color to the target and

indicate their choices by pressing the keys

corresponding to the numbered objects. Identical

objects were shown during the control and DT

tasks. The key presses were recorded.

Each brunQ contained 1 control and 1 DT trial (Fig.

2) and was conducted as follows. There was a 15-s

baseline fixation at the beginning of each run. Next,

an instruction screen was presented for 5 s that alerted

subjects to get ready for the bcolorQ task. Then, a

stimulus screen containing objects was presented for

30 s during which subjects made their responses.
nsils 4. Woodworking Tools 5. Oral Hygiene Items

Object 3 4. Ambiguous Object 4 5. Ambiguous Object 5 

 Stimuli

timuli

showing the conventional and ambiguous objects.
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Fig. 2. Cognitive paradigm used for the modified divergent thinking task in the NIRS experiment showing the control (compare c r) and the divergent thinking (find uses) tasks.
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There was a 15-s fixation period followed by a 5-s

instruction screen that alerted subjects to get ready for

the busesQ task. Then the stimulus screen was pre-

sented for 45 s during which subjects made their

responses. This was followed by another 15-s fixation

period. This sequence of events constituted one run.

Immediately after each run, the DT stimulus screen

was displayed again indefinitely and subjects were

asked to verbalize their responses that they had

made in the previous run. This was done to verify

the ideas generated during the modified DTT. The

verbal description was recorded by the experimenter.

There were 6 runs per subject.
3. Results

RAT: For the number of correct responses on the RAT,

there was a main effect of group (F(2,48)=4.03, p b0.05;

r =0.39). Normal controls (M =10.0, SD=6.1) gave more

correct responses than schizophrenics (M =5.5, SD=4.3)

( p b0.05).

DTT: We recorded the number of singular and combina-

tory uses. For each trial, single object buseQ responses were
summed. Combinatory responses were calculated for each

trial by summing the number of responses that included a

use for at least two objects within the stimulus set. In

addition, a total response time for each trial was calculated.

Interrater reliability for scoring the DT task was high

(IC=0.94).

Convergent and discriminant validity for our novel DTT

were assessed by comparing it with correct responses and

number of associations made for each word triad in the RAT.

The number of associations produced on the RAT was

correlated with the total number of uses, (rho= .48,

p b0.001), conventional object uses (rho= .39, p b0.01),

and ambiguous object uses (rho= .52, p b0.001) scores on

the novel DT task, all being measures of divergent thinking.

However, convergent thinking, assessed by number of cor-
Table 2

Correlations between divergent thinking scores and SPQ total and factor

Stimulus type SPQ total SPQ positive SPQ negat

Total singular uses .44** .31* .24

Conventional objects .35* .25 .20

Ambiguous objects .44** .35* .19

Total combinatory uses .40** .24 .34*

Conventional combinatory .37* .18 .37*

Ambiguous combinatory .46** .33* .28

Correlation is Spearman’s rho. N =51. All correlations are one-tailed. Sig
rect responses on the RAT was not associated with total,

conventional, or ambiguous alternate uses scores on the

DTT (rho= .11 to .16, p =ns).

Singular Uses: A repeated measure ANOVA showed that

there was a significant main effect of diagnostic group,

(F(2,48)=6.39, p b0.01; r =0.49). SCT (M =120.6, SD=

92.5) generated more uses than CO (M =67.5, SD=24.3)

( p b0.05) and SZ (M =55.2, SD=22.9) ( p b .01). The main

effect for object type was significant (F(1,48)=5.73,

p b0.05; r =0.47). All subjects gave more responses to am-

biguous objects (M =43.14, SD=34.59) compared to con-

ventional objects (M =37.9, SD=29.7). The interaction

between diagnostic group and object type was not significant

(F(2,48),= .44, p =ns).

Combinatory Uses: A repeated-measure ANOVA

showed that there was a main effect of group (F(2,48)=

4.26, p b0.05; r =0.40). SCT gave more combinatory

responses (M =24, SD=22.13) compared to SZ (M =12.0,

SD=10.2) ( p b0.05), and CO (M =10.8, SD=6.6) ( p b0.05).

The main effect of object type was also significant

(F(1,48)=19.16, p b0.001; r =0.72), indicating that subjects

made more combinatory responses to conventional objects

(M =10.4, SD=10.9) than ambiguous objects (M =5.2,

SD=5.8). The interaction between group and object type

was not significant (F(2,48)= .69, p =ns).

Schizotypy: Spearman’s rho (one-tailed) was calculated

for associations between DT and SPQ scores (Table 2)

without correcting for multiple comparisons. Overall, higher

SPQ scores were associated with greater creative use gen-

eration. The Disorganization factor (odd speech and behav-

ior) was particularly associated with all creative fluency

measures. SPQ variables were inversely associated with

dextrality, especially for the Disorganization factor (rho=

�0.51, p b0.01). Overall, total SPQ scores were also in-

versely associated with dextrality (rho=�0.34, p b0.05).

Handedness: There was an inverse relationship between

DT and handedness (range=�0.14 to �0.27), although

these correlations were not statistically significant. Because

we recruited right-handed subjects for this study, this may be

reflected by range restriction in handedness. Yet, the direc-

tion of the correlations for all variables is in the inverse
scores

ive SPQ disorganized SPQ odd speech SPQ odd behavior

.46** .45** .43**

.35* .35* .30

.49** .47** .48**

.43** .44** .37*

.33** .38* .34

.51*** .52** .44**

nificance: *= .05; **= .01; ***= .001.
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direction, suggesting that decreased dextrality may be asso-

ciated with greater DT.

Behavioral data from the modified DTT: We examined

the number of uses generated and the response rate in the

control and DT tasks using repeated measure ANOVAs.

Although there was a time limit (30 s for control task and

45 s for DTT), subjects generally did not use the entire time

allotted to generate responses.

For number of uses, there was a main effect for task type

(F(1,27)=10.7, p b0.01; r =0. 70). Subjects gave more

responses for the DT task (M =3.8, SD=1.2) than the con-

trol task (M =3.1, SD=0.7). The main effect for group was

not significant (F(2,27)=1.19, p =ns). The interaction be-

tween group and task type was significant (F(2,27)=4.37,

p b0.05; r =0.50). CO reported more color similarities on

the control task (M =3.4, SD=0.6) than SCT did (M =2.8,

SD=0.8) ( p b0.05), but on the DT task SCT generated

more uses (M =4.4, SD=1.0) compared to SZ (M =3.2,

SD=1.2) ( p b0.05).

For response rate, there was a main effect of task type

(F(1,27)=52.6, pb0.001; r =0.92). Subjects responded at a

higher rate to the control task (M =0.24, SD=0.08) than the

DTT (M =0.15, SD=0.04). Neither the main effect of group

(F(2,27)=0.77, p =ns) nor the interaction between group

and task type (F(2,27)=0.42, p =ns) were significant.

NIRS Analyses: Raw absorbance data were processed in

Matlabk including respiration and cardiac artifacts (0.01–

0.5 Hz) removal, temporal downsampling (10–1 Hz.), nor-

malization, conversion to chromophore measurements, and

bilinear smoothing. Brain Voyager QXk was used for linear

drift correction and statistical analyses using the epochs

measured for the control and DT tasks as the two main

predictors which were convolved with a hemodynamic box-

car function (Boynton et al., 1996). The false discovery rate

statistic q(FDR) protected contrasts from alpha inflation.

Separate contrasts were performed for the within-subjects

(DT vs. control task) and between-subjects analyses. Results

are reported for clusters that passed a threshold criterion of

20+ voxels. Results from all chromophores are shown in

Table 3.

Statistical maps for oxyHB data are shown in Fig. 3. Fig.

3b shows the significant ( p b0.01) bilateral prefrontal in-

crease in oxyHB associated with performance on the DT task

compared to the control task (see Table 3 for statistical

values). Total HB values also showed a significant bilateral

increase. The bilateral increase in deoxyHB was unexpected.

Group differences (Table 3) were observed in contrasts

performed on the oxyHB data, which indicate a significant

increase in the right PFC (RPFC) for SCT during DT

compared to CO ( p b0.01) (Fig. 3c) and SZ ( p b0.01)

(Fig. 3d). No significant group differences were observed

in oxyHB during DT between SZ and CO (Fig. 3e). In



Fig. 3. NIRS results comparing the divergent thinking task to the cognitive control task. a) Location of the 22 channel placement with the 3�5 probe holder. Small circles represent

emitters (closed) and detectors (open). Large circles represent measurement channels (22); b) Bilateral PFC oxyHB increase during the DT condition compared to the control task

across subjects; c) RH increase in oxyHB only (schizotypesNnormal controls); d) RH increase in oxyHB only (schizotypesN schizophrenics); e) No differences in oxyHB

concentrations between normal controls and schizophrenics.
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contrast, all groups showed increased deoxyHB in RPFC

during DT, although CO also showed increased left PFC

(LPFC) deoxyHB compared to SCT, and SZ showed in-

creased LPFC deoxyHB compared to CO. SZ showed great-

er LPFC totalHB concentrations compared to other groups,

while SCT and CO had greater RPFC totalHB levels com-

pared to SZ.
4. Discussion

The major findings of this study were that: (1)

schizotypy is associated with enhanced DT; (2) DT

is particularly associated with disorganized schizoty-

pal traits; (3) DT is associated with bilateral PFC

activity; and (4) Schizotypes, who have enhanced

creative thinking ability, recruit the right PFC prefer-

entially compared to SZ and CO.

To our knowledge, this is the first study to compare

the functional neuroanatomy of DT in SCT, SZ and

CO. Our data support evidence for enhanced DT in

schizotypes. This finding was not dependent on prior

associative context among the stimuli used, as we

found no interaction between group and stimulus

type. The measure of combinatory responses may be

a more robust determinant of creative thinking due to

the increased associative load, and SCT also per-

formed better on this measure compared to the other

two groups.

DT ability was particularly associated with disor-

ganized schizotypal traits. SPQ items that load onto

this factor address slight abnormalities or oddities in

speech and in non-verbal behavior, which are associ-

ated with social communication and transmission of

ideas. This may imply a connection between creative

production and the ability to express unconventional

ideas, as Venables (1989) has argued that SCT may be

able to direct their cognitive abnormalities toward

creative, rather than dysfunctional, cognitive output.

NIRS oxyHB indicates that the differences in DT

between SCT and SZ that were observed behaviorally

were indicated by a greater reliance on RPFC activa-

tion for SCT. Although DT fluency from the modified

DTT was not significantly different between SCT and

CO, the chromophore data indicate that SCT also

recruited the RPFC preferentially compared to CO

during DT. Our hypothesis was partially supported.

DT recruits the PFC bilaterally, but the differences
between the SCT and the SZ and CO groups are due

to preferential recruitment of the RH in DT for SCT

rather than to increased bilateral processing. One ca-

veat is that we relied on the oxyHB data to interpret

our results rather than the deoxyHB and total HB data

because 780 nm may have reduced sensitivity to

deoxyHB (Sato et al., 2004).

Because the PFC is involved in processing of

novelty, it is not surprising that we observed robust

prefrontal activation during DT, which involves

implementing novel associations. It is also clear that

prefrontal activation during DT is bilateral. However,

we also found that the RH may play an especially

important role in DT in schizotypes. These results

support previous neuroimaging studies that showed

a significant RH advantage in creative thinking. Be-

havioral investigations have also suggested a RH

processing bias for verbal creativity in schizotypes

(Gianotti et al., 2001; Weinstein and Graves, 2001,

2002) which may stem from a RH advantage for

processing unusual associations (Faust and Lavidor,

2003; Mohr et al., 2001; Pizzagalli et al., 2001; Rodel

et al., 1992). Less LH reliance for verbal creativity

may allow greater access to RH processes that are

particularly salient in creative thinking (Brugger and

Taylor, 2003). Our data are also consistent with other

studies that found support for bilateral prefrontal ac-

tivation during DT, however recruitment and activa-

tion of non-frontal regions in creative thinking

paradigms has also been shown in verbal creativity

tasks (Bechtereva et al., 2004). Future studies could

examine how these cortical regions are coordinated

during creative thinking.

There are some caveats. First, our study included

only right-handed individuals. It would be helpful to

investigate the full range of handedness in relation to

DT and schizotypy, as these data suggest that schizo-

typy and DT are both related to decreased dextrality.

Yet, although we examined right-handers only, we still

observed significant differences in schizotypes and

controls in the PFC activation patterns. Therefore, a

future study with a full range of handedness is

expected to show even clearer effect. Secondly, the

DTT and modified DTT differed in the use of time

limit. DT tasks provide maximal validity when they

are not timed (Wallach, 1971), as was the procedure

using the DTT where we obtained robust group dif-

ferences. Although the NIRS modified DTT incorpo-
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rated a time limit, SCT still performed significantly

better than SZ and showed different PFC activation

patterns compared with the other groups. Thus, de-

spite the use of time limit in the NIRS experiment, we

still observed significant group differences.

Both experiments showed similar creative thinking

ability and PFC function in SZ and CO in contrast to

most cognitive studies SZ that demonstrate deficits.

Our SZ were chronic and medicated, but they were

matched to CO for IQ and verbal fluency. What is

remarkable is that this group of patients showed a

range of cognitive deficits including memory (e.g.,

Park et al., 2004) and perception (Kim et al., in press),

yet they perform as well as normal controls on DT.

The relationship between creativity and psychosis,

although studied for centuries, has been difficult to

specify. We have taken a step towards developing

reliable tools for the empirical study of creativity and

psychosis. This approach may help to bridge the gap

between anecdotal evidence for the creativity/psycho-

sis relationship and its underlying neural mechanisms.
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