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Creative thinking is defined as a mental process that involves novel and useful idea generation. Executive functions (EF's), a set

of goal-directed cognitive functions, can play an important role in creative thinking. However, previous findings reported

conflicting results regarding the relation between creative thinking and EF's. In this meta-analysis study, we aimed to identify

moderator effects of the EF types and/or congruency between stimulus modalities used in creative thinking and EF tasks, by

analyzing 232 effects from 28 research papers. For this purpose, each EF task used in the previous studies was subdivided into

‘semantic’ and ‘domain-general’. Additionally, the stimulus modalities used in the creative thinking and EF tasks were divided

into ‘verb’, ‘non-verb’, and ‘multi-modal’, and were classified as ‘same’ or ‘different’ according to the congruency between the

tasks. The results showed that the effect sizes for creative thinking were greater in the semantic EF compared to domain-general

EF, and those of the same modality were greater than different modality. In conclusion, it appears to be necessary to consider

the type of EF and the stimulus modality of tasks for the relation between creative thinking and EF's.
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A7F UERE 4l ol oA ARLE F sk AFEE0]
o gt ouge MR 9, o]= s fAE gol
o §&Ho= dEE 4 Qlvke A9 A7 AWE FoAE
groler 4 QIth(Benedek et al., 2017; Kenett, Anaki, &
Faust, 2014; Kenett et al., 2016).

o, g2 A d1E2 JWs
of o &= ] A2~
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Aote sEe= A= (Cropley, 2006), 8E°l $
Al sl #HAlst AAgE 2SS Adst=t] 719
st Aoz a#A Qth(Moore et al, 2009; Runco,
2008). ole] w=w, S AR dAlE 2 Aol AT
Bz obe Ao Afe] B4& 7P AdsH Wrtete
Ltol7] wiEe] g4 AR AE ARERE H9=E gHASt
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(1]
=]

Y M

| ERE q°ﬂ xtd AeE A flsto], 22l ok
olgJH|o] A2l PubMed, Web of Science, ScienceDirect, 1
211 Google ScholarellAl ol Aol digt 7]9=et A

o3l A
= T

6,228 Records identified
through database searching

Identification

N

1,711 included

W7 B 7IMEE HE IFsto] HASGI. ol &
oA AFalO] 79 ‘creativity’, ‘creative thinking’, ‘divergent
thinking& 7|HE=2 ARSI, HaY7)sd Hwd 7]9E
£ ‘cognitive control’, ‘executive function’, ‘inhibition’,
‘inhibitory control’, ‘working memory’, ‘updating’, ‘broad
retrieval’, ‘semantic retrieval’ & AMESIATE A HYE=
2 Qs tde R siely, Aeeh I o a‘%;‘]‘)ﬂ/ﬂ
2008l 20213 Atelo] E¢E A=E +HstdeH, &
AP ARDL TEAeF HA7)s BAE BF ARSRE A=
< ZSoiginh ok, ERoA T AR I HA

2 32 7ol HAllA Brteke WE
= mesisith oA FEH A FelA,
HB71's SHAE AHEoHA LAY, oA Afal 574
Sto] ShiHA ARLL Ao} ofe| MAIE oAl ARESHo]
grdt= AR A4, 7S ARG &ar] & F skt
T YAISH] 2 AFE AlQlsto] HFAHo=m 28WS oA
2 Aottt 23 3 9 A9 32 Figure 19
SEERE AASIGon, 2 Aol et 7 &I} AR
£ Table 13 £t}

e

=

A= 28

F 289 Aol FelA Aust YW 7 BAS 4
Hote 232709) BAA Amg APV 49 AT A
o 97 cin] met Sl Gee BR U Aeiekach ¢
M, 7 ATl ASE WS e dstel, A,

after screening for article
type and duplication

Including criteria:

- Published research paper

- Research of psychological fields

- Used both executive functions and divergent thinking tasks
- Healthy young adult volunteers

31 Full-text studies assessed
for eligibility

Eligibility

28 Studies included in the

3 studies excluded for one of the following:

- Combined measurements of multiple executive functions

- Combined a wide range of creative thinking scores, including
divergent thinking test scores

- Missing both descriptive statistics and the effect size

meta-analysis

Figure 1. A flow diagram of literature selection for the meta—analysis
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Table 1. A descriptive summary of studies included in the meta—analysis

Author Sample Creative thinking Executive functions Executive function Modality
(year) size Task Modality Task Modality type congruency
Beaty et al. (2014) 147 AUT Verbal Fluency Verbal Semantic Same
Benedek, Franz, et al. Divergent thinking Verbal, Mittenecker .
104 o Non-verbal Domain—general Same
(2012) test Non-verbal pointing
Benedek et al. AUT, Stroop Verbal . »
230 Verbal Domain—general Same/Different
(2014) Instance 2-Back Non-verbal
Benedek et al. Fluency, .
102 AUT Verbal o Verbal Semantic Same
(2020) Association
Benedek et al. .
89 AUT Verbal Fluency Verbal Semantic Same
(2017)
Benedek, Konen, et al.
enedeie, Aonen, €t 4 150 AUT Verbal Fluency Verbal Semantic Same
(2012)
Camarda et al.
(2018) 75 Egg task Verbal Stroop Verbal Domain—general Same
=Study 1
Camarda et al.
(2018) 78 Egg task Verbal Dot memory Non-verbal Domain—general Different
=Study 2
Ch t al. Creati bl Mitteneck
crg ¢t & 70 red IYe ?ro em Verbal .ene'c < Non-verbal Domain—general Different
(2016) finding pointing
De Dreu et al.
(2012) 60 Brainstorm task Verbal Operation span Verbal Domain—general Different
=Study 4
Verbal idea
Edl et al. . Verbal ‘ A
0014) 61 generation Stroop Verbal Domain—general Same/Different
TICT Non-verbal
Hass (2015) .
55 AUT Verbal Fluency Verbal Semantic Same
=Study 1
Hass (2015) AUT,
s 76 Verbal Fluency Verbal Semantic Same
=Study 2 Instance
He et al. Association Verbal, Non-verbal
188 TTCT Verbal Semantic Same/Different
(021) Fluency Verbal
Unusual uses Verbal Symmetry span Non-verbal
bee ct al 413 Domai I Same/Diff
Verbal, Non-verbal, omain—general ame/Different
(2014) ATTA e on' VP Backward digit span Verbal
Multi
Unusual uses Verb
Verbal, Non-verbal, . .
Verb. Non-verbal Fluency . Semantic Same/Different
ATTA » _ ’ Multi
Lee & Therriault Multi
265
(013) Unusual uses Verbal Symmetry span Non-verbal
Verbal, Non-verbal, Backward digit Domain-general Same/Different
ATTA . Verbal
Multi span
Lu et al. Recall task Verbal
(2021) 107 TTCT Verbal, Non-verbal Dot matrix, Domain—general Same/Different
=Study 1 Corsi. block Non-verbal
Lu et al.
(2021) 68 TTCT Verbal, Non-verbal Tapping task Non-verbal Domain—general Same/Different
=Study 2a
Lu et al. .
Articulatory . .
(2021) 64 TTCT Verbal, Non-verbal ) Verbal Domain—general Same/Different
suppression
=Study 2b
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Table 1. A descriptive summary of studies included in the meta—analysis (continued)
Author Sample Creative thinking Executive functions Executive function Modality
(year) size Task Modality Task Modality type congruency
Marron et al. (2018) 35 AUT Verbal Association Verbal Semantic Same
Marron et al. - .
217 AUT Verbal Association Verbal Semantic Same
(2020)
Menashe et al. AUT Verbal N ' )
95 Digit span Verbal Domain—general Same/Different
(2020) Pattern meaning Non-verbal
Radel et 2015
adel et al. 2019 25 AUT Verbal Flanker Non-verbal Domain—general Different
=Study a
Radel et 2015
adel et al. 2019 22 AUT Verbal Simon Non-verbal Domain—general Different
=Study b
Silvia .
226 Unusual uses Verbal Fluency Verbal Semantic Same
(2008)
Silvia et al. (2013) 131 Unusual uses Verbal Fluency Verbal Semantic Same
Tidikis & Ash Unusual uses, )
240 Verbal Stroop Verbal Domain—general Same
(2018) Consequences
Vitrano et al. . .
021) 54 AUT Verbal Association, Fluency Verbal Semantic Same
Verbal creativity Verbal
Fluency Verbal, Non-verbal Semantic Same/Different
Weiss et al. (2020) Figural creativity Non-verbal
145
~Study 1 Verbal creativity Verbal
Recall 1-back Verbal, Non-verbal Domain—general Same/Different
Figural creativity Non-verbal
Verbal creativity Verbal
Fluency Verbal, Non-verbal Semantic Same/Different
Weiss et al. (2020) Figural creativity Non-verbal
281
~Study 2 Verbal creativity Verbal
Recall 1-back Verbal, Non-verbal Domain—general Same/Different
Figural creativity Non-verbal
Xuejun & Haijuan . .
60 TTCT Multi Stroop Verbal Domain—general Same
(2018)
) Antisaccade, Stroop,
Zabelina et al. . . .
2019) 47 ATTA Multi Keep track, Letter Multi Domain—general Same
memory
Zabelina & Robinson ) .
50 ATTA Multi Stroop Verbal Domain—general Same
(2010)
Zabelina et al. . . .
2012) 102 ATTA Multi Number generation Verbal Domain—general Same
Note. AUT=Alternate Uses Test; ATTA=Abbreviated Torrance Test for Adults; TTCT=Torrance Tests for Creative Thinking.
do)yt HAH g o] Ayt Zagt WAe o V)T A9 e b Al wA|C] SRS Ao,
fdom 97 gL I 9o QA gz ARs  uldlo] FUYA F ohiel AR HRelw, £ Hdl 7
sttt omA f3 9o A= FAE F71719 dES TAE YElle AR diste] A5 Ao dA R E
Woksl] gkl Qe ST §34 TAlGuency  ARSAGHCQAT EE CRAAY). ol BAp T £
task), = A Al(association task)7F EFE|QUTE o A A=S ARERF SR H§ o] FAe= A7 F
duba F o] Bl AL 2719 % E45hs AT 7 Ee 2F AUE 7NeR jF 2R F¢ =
EgEigEd, o2 AAls TAle] A BAT dolesl @Az Besidd dol A3 wdle] A% BE A
SEoH d=er Qlste] T 4 1°ﬂ et £ 7Fsd 8% A SAHAE FHdAer FoHU=d, ol
= "] S8l Allstel7] wizelch S8A7F A7 A B SAEA AR TAof atE=
BS <

neoz AT P9 97 ojng

Aolal7] Sfstel A
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plot for identifying publication bias
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Table 2. Meta—analysis of moderators on relation between creative thinking and executive functions

Moderator Category K Q I ES 95% CI
Semantic 102 429.88 76.5 .26 23 -.28

Executive function type
Domain—general 130 274.80 53.1 A1 .08 - .13
Same 171 808.23 79.0 .20 A8 - .22

Stimulus modality

Different 61 119.48 49.8 12 .08 - .16
Total 232 939.76 75.4 .18 16 - .20

Note. K=number of effect sizes; Q=statistic of test for homogeneity in effect sizes; /’=statistic of test for heterogeneity in effect

sizes(%); ES=effect size; Cl=confidence interval.
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