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Bilissel Esneklik Arastirmalarinin Bibliyometrik Analizi ve
Gelecege Dair Goriiler

Cetin TORAMAN!, Cigdem CALISKAN?, Glines KORKMAZ?

Ozet

Bu calisma, Web of Science (WoS) verilerine dayali olarak Bilissel
Esneklik (BE) konusundaki arastirmalarin guncel durumunu
ortaya koymayr ve gelisimini incelemeyi amacglamaktadir.
Calismada, 1975-2023 yillari arasinda WoS'tan elde edilen meta
veriler kullanilarak, BE Uzerine yaziimis arastirma literatdrandn
haritalandiriimasi icin bibliyometrik analiz  yaklasimi
benimsenmistir. Analiz, yayin yilina gére makale dagilimi ve
ortalama atif durumu, BE Uzerine en fazla yayin yapan dergiler ve
BE ile ilgili atif sayisi, en ¢ok atif alan BE makaleleri ve yazarlari, BE
hakkindaki makalelerin en ¢ok atif aldig! Ulkeler, BE Uzerine en
fazla makale Udreten yazarlar, yayinlari, yazarlarin Glkeleri ve
makalelerde BE ile iliskili kelimelerin egilimi gibi faktorleri
icermektedir. Sonuclar, yillara gére makale yayinlama egilimi son
yillarda artmasina ragmen, BE makalelerine atiflarin en ylksek
artisinin 1990 ve 1994 yillarinda yasandigini ortaya koymaktadir. En
fazla yayin yapan dergiler ise Behavioural Brain Research,
Psychiatry Research, Frontiers in Behavioral Neuroscience, Journal
of Experimental Child Psychology, Journal of Neuroscience
dergileridir. Bir diger bulgu ise, BE makalelerinin en cok atif aldigi
ve en yuksek Uretim oranlarina sahip Ulkenin ABD oldugudur.
Ayrica, BE makalelerinde en sik kullanilan kelimelerin esneklik,
prefrontal korteks, beyin, calisma bellegi, gérev, bilissel, bellek,
karar verme, korteks, aktivasyon, yanit-engelleme, yurdticu islev,
interferans, bilissel kontrol ve sizofreni oldugu tespit edilmistir. Bu
calisma, BE literatlrid hakkinda kapsamli bir degerlendirme
sunmakta ve gelecekteki arastirmalar icin alanin gelisimi
hakkinda ilging bilgiler saglamaktadir.

Makale Bilgileri
Sistematik
Derleme
Calismasi

Goénderim Tarihi
23/07/2024
Kabul Tarihi
14/M/2024

Yayin Tarihi
20/01/2025

Anahtar
Kelimeler
Bilissel esneklik,
Bibliyometrik
analiz,

LiteratUr
haritalandirma,
Web of Science

" Doc. Dr, Canakkale Onsekiz Mart Universitesi, Tip Fakiltesi, Tip Egitimi Anabilim Dal,
Canakkale, Turkiye, https.//orcid.org/0000-0001-5319-0731, toramanacademic@gmail.com

2

Dr., Milli Egitim Bakanligi,

https://orcid.org/0000-0002-5862-628X, tiencigdem5@hotmail.com

Edremit Bilim ve Sanat Merkezi, Balikesir,

Turkiye,

3 Dr. Ogr. Uyesi, istanbul Medeniyet Universitesi, Tip Fakdltesi, Tip EJitimi Anabilim Dall,
[stanbul, Ttirkiye, https://orcid.org/0000-0002-9060-5972, gunes.korkmaz.gk@gmail.com

Atf:
Toraman, G, Galiskan, C., ve Korkmaz, G. (2025). Biligsel esneklik arastirmalarinin bibliyometrik
analizi ve gelecede dair goruler. Pamukkale Universitesi Egitim Fakdlltesi Dergisi

[PAUEFD], 63, 315-333. https://doi.org/10.9779/pauefd.1521299

315


https://orcid.org/0000-0001-5319-0731
mailto:toramanacademic@gmail.com
https://orcid.org/0000-0002-5862-628X
mailto:tiencigdem5@hotmail.com
mailto:gunes.korkmaz.gk@gmail.com
https://doi.org/10.9779/pauefd.1521299

PAUEFD, 63, 315-333 [2025]  C. Toraman, C. Caliskan ve G. Korkmaz https://doi.org/10.9779/pauefd.1521299

Giris

Bilissel esneklik (BE), cok sayida bilgiyi ayni anda isleme, birden fazla
fikir dretme, alternatifleri degerlendirme ve belirli bir duruma veya
baglama uyum saglamak icin gerekli planlamalari iceren ¢cok boyutlu
bir surectir (Stevens, 2009). Bu sUrecte, bir durumu anlamak ve karar
vermek icin uyum saglanacak bilgiyi secmek gereklidir; dolayisiyla, BE
cesitlidusunme yollarinin ¢cesitlendirilmis bir repertuarina sahip olmaya
dayanir (Spiro, 1988) ve insanlara karmasik olgulara uyum saglayici
yanitlar bulmalarina yardimci olur (Spiro ve digerleri, 2003). Benzer
sekilde, Canfas vd. (2003), BE'nin insanin yeni ve beklenmedik
durumlarla basa cikmak icin bilissel islem stratejilerini uyarlama
yetenegi oldugunu vurgulamaktadir. Bir diger tanim ise BE'nin,
bireylerin karmasik gdrevleri yerine getirmelerine ve gunluk
yasamimizdaki degisen taleplere yenilikci ve uyumlu c¢ozumler
bulmalarina yardimci olan énemli bir 6zellik oldugunu belirtmektedir
(lonescu, 2012). Dolayisiyla, BE'nin bir tur problem ¢dzme ve deneme
yanilma surecini icerdigi, bunun da bir tur Ust dUzey dusunme becerisi
oldugu gorulmektedir (Stevens, 2009). Bu nedenle, bilissel esnekligin
uyum saglayici bilis, yaratici problem c¢dzme ve “kaliplarin disinda”
dusunmek icin gerekli oldugu soéylenebilir (Peters ve Crone, 2014).

Bilissel esneklik (BE) dusuncenin, akil yarutmenin ve yeni bilginin
edinilmesinin yani sira sosyal etkilesimlerin arabuluculugunda, bakis
acllarinin  paylasiminda ve sosyal olarak koordine edilen eylem
planlarinin gelistirilmesinde kilit rol oynamaktadir. Benzer sekilde,
Dajani ve Uddin (2015), bireyin uygun davranissal tepkiyi dretmek icin
zihinsel sUrecler arasinda secici olarak gecis yapma kolayligi olan bilissel
esnekligin bilis ve davranisla iliskili oldugunu belirmistir. Dennis ve
Vander Wal'a (2010) gére, BE u¢ temel alani kapsamaktadir: (1) zorlayici
durumlari kontrol edilebilir bir sekilde algilama egilimi, (2) yasamda
meydana gelen kosullara ve insan davranislarina yodnelik olasi
alternatifleri algilama yetenegdi ve (3) zorlayici durumlara bir dizi ¢ozum
olusturma becerisi. Bu tanimlar ve aciklamalar dikkate alindiginda,
BE'nin sadece dusuncenin uyarlanabilirligi ile sinirh kalmamasi, ayni
zamanda davranislarin uyarlanabilirligini de icermesi gerekmektedir
(Chen ve digerleri, 2014).

Noropsikolojik bakis acisina gore, literaturde frontal loblar ve prefrontal
korteksin BE'de énemli rol oynadigi bilinmektedir. Eslinger ve Grattan
(1993), frontal loblar ve bazal gangliyon bdélgelerinin, belirli bir baglam
icinde belirli bir fikri se¢cme ve uygulama yetenegdi olan reaktif BE
Uzerinde etkisi oldugunu, frontal loblarin ise birden fazla fikir dretme
yetenegi olan anlik BE'de bazal gangliyonlardan daha aktif oldugunu
belirtmektedir (ibrahim ve digerleri, 2013). Bu durumda, BE iki tlrde
incelenebilir: reaktif BE ve anlik BE. Reaktif BE, cevre degistiginde ve
gorevin kisitlamalari yanit degisikligini gerektirdiginde meydana
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gelirken, anlik BE, bireyin strateji degisikligini gerektirmeyen sabit bir
ortamda cesitli yanitlar verdiginde ortaya ¢cikmaktadir (Clement, 2022).
Noropsikolojik arastirmalar acisindan bilissel esnekligin bir baska yénu,
esnek geciste yer alan frontoparietal bdlgelerin dagitilmis bir agini
icerdigini ortaya koymaktadir. Bu ag, yuksek duzey kortikal baglanti
alanlari, premotor korteks, inferior ve superior parietal korteksler,
inferior temporal korteks, oksipital korteks ve kaudat ve talamus gibi
subkortikal yapilar dahil olmak Uzere bu beyin bdlgelerinin nasil
etkilesime girerek Dbilissel esnekligi uygulayan tutarh bir ag
olusturdugunu anlamaya calismaktadir (Dajani ve Uddin, 2015). Dajani
ve Uddin (2015) BE becerilerinin erken ¢cocukluk ddneminde gelismeye
basladigini, yedi ile dokuz yaslarl arasinda keskin bir artis goésterdigini,
on yasina kadar buyuk 6lcude olgunlastigini, ancak becerilerin ergenlik
ve yetiskinlik déneminde de gelismeye devam ettigini, 21-30 yaslari
arasinda zirveye ulastigini éne surmektedir.

Bu calisma, 1975-2023 yillari arasinda Web of Science (WoS) verilerine
dayanarak BE arastirmalarinin mevcut durumunu ortaya koymay! ve
gelisimini incelemeyi amaclamaktadir. Bibliyometrik analiz yoluyla
gerceklestirilen BE Uzerine yapilan ilk calisma olan bu arastirma,
ozellikle gelecekteki BE arastirmalariicin bibliyometrik bir analize dayali
yeni bir ydontem sunmasi acisindan énemlidir.

Yontem

Bu calisma, bilissel esneklik Uzerine yapilan arastirmalarin bibliyometrik
analizidir. Belirli bir alandaki bilimsel literatira degerlendirmeyi
amaclayan "Bibliyometri" terimi ilk olarak 1969 yilinda Pritchard
tarafindan kullaniimistir (Andrés, 2009). Andrés, bu kavrami, kitaplar ve
diger iletisim medyalarina matematiksel ve istatistiksel ydontemlerin
uygulanmasi olarak tanimlamistir. Ozetle, bibliyometri kayitl sdylemin
bilimsel calismasidir. Benzer sekilde, Aktoprak ve Hursen (2022),
bibliyometrinin, yayinlarin yazar(lar), konular, yayin bilgileri ve atif
yapilan kaynaklar gibi belirli 6zelliklerinin istatistiksel ve nicel analiziyle
ilgilendigini belirtmistir. Bibliyometriden farkl olarak, "bilimometri
(scientometrics)" olarak adlandirilan benzer bir terim daha vardir ve bu
terim, bir disiplin veya ekonomik faaliyet olarak bilimin nicel yonlerinin
calismasi olarak tanimlanmaktadir (Rousseau ve digerleri, 2018;
Sooryamoorthy, 2021; Szanto-Varnagy ve digerleri, 2014). Baslangicta,
bilimometri bilimsel iletisimin olculmesiyle sinirliyken, bibliyometri
daha genel bilgi surecleriyle ilgilenmek Uzere tasarlanmistir (Andrés,
2009).

Veri Toplama Sireci

Bu calismada, veri kaynagi olarak Clarivate'ln Web of Science (WoS)
veritabani kullanilmistir. WoS'taki “bilissel esneklik” (BE) konusundaki
literatUr bibliyometrik bir yaklasimla haritalanmistir. Mongeon ve Paul-
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Hus (2016), WoS ve Elsevier'in Scopus indekslerinin bibliyometrik ve
bilimometrik calismalarda sik¢ca kullanildigini belirtmistir. WoS'tan BE
konusundaki arastirma literaturu verilerini elde ederken, Sekil T'deki
filtreleme adimlari takip edilmistir:

Sekil 1

Veri Toplama Sdreci

Anahtar Kelimeler Bilissel Esncklik
WoS’ta Arandi
— — ¥
Social Science Citation Index (SSCT), -
Scicnee Citation Index (SCI), Indcksler
Science Citation Index-Expanded (SCI-E), Filtrelendi
Art & Humanities Citation Index (A&HCT)
Sadece Ingilizce

N
Yaym Dili
Filtrclendi
I'4

Dokiiman Tiirii
Filtrclendi

N

WoS Kategorileri
Filtrclendi

"4

Tlgili Olmayan
Aragtirmalar
Disland1

Neurosciences, Psychiatry, Clinical Neurology,
Psychology, Psychology Experimental, Behavioral
Sciences, Psychology Multidisciplinary, Psychology
Developmental, Psychology Clinical, Education
Educational Research, Rehabilitation, Psychology
Educational, Psychology Social, Neuroimaging,
Psychology Applied, Psychology Biological,
Radiology, Nuclcar Mcdicine Mcdical Imaging,
Education Special, Physiology, Psychology
Mathematical, Education Scientific Disciplines,
Psychology Psychoanalysis

Makale, Erken Goriiniim Makale

Oku, Arastirmalar1 Degerlendir,
ilgisiz Olanlar1 Disla

R Programu “biblioshiny: the
shiny app for bibliometrix” paketi
ile analiz gergeklestirildi.

Biblioyometrik
Analiz Yapildi

Sekil T'deki surec¢ aracihigiyla olusturulan veri seti, BE Uzerine 3056
calismay icermektedir. Bu veri setinde yayin yili, atif sayisi, yazar(lar),
kurum/organizasyon, Ulke, dergi ve atif yapilan kaynaklarin meta
verilerinin yani sira belgelerin baslik, 6zet ve anahtar kelimeleri de yer
almaktadir.

Veri Analizi

Bu calismada veri analizi, Ucretsiz bir yazilim olan R 4.2.3 (R Core Team,
2023) versiyonu ve RStudio 2023.06.0 versiyonu kullanilarak
gerceklestirilmistir. R programinda bibliyometrik analiz yapilmasini
saglayan paket, Aria ve Cuccurullo (2017) tarafindan gelistirilen
"bibliometrix" paketidir. Analizler bu paket kullanilarak yapilmistir. R
Programi araciligiyla ¢calisan bu paket kullaniclyr R-Shiny ortaminda
web sayfasina yonlendirmektedir ve analizler burada
gerceklestirilebilmektedir. Bu yazilim araciligiyla, calismaya dahil edilen
bilimsel arastirmalarin tarih araliklari ve sayisi, yillik artis egilimi, yazar
sayisl, uluslararasi yazar birlikte calisma durumu, kullanilan referans
istatistikleri, yillik yayin ortalamasi ve arastirma basina ortalama atif
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miktari tanimlanmistir. Ayrica, arastirmada one ¢ikan kaynaklar ve en
cok atif alan kaynaklar belirlenmistir. Yazarlar acisindan, BE ile en alakali
yazarlar, en cok atif alan yazarlar, bu yazarlarin yillara gore bilimsel yayin
uretimi, yazarlarin arastirmayi yuruttugu ulkeler ve BE konusunda en
cok atif alan ulkeler incelenmistir. Arastirmalarda sik¢ca kullanilan
kelimeler, kelime bulutu, yillara gore belgelerdeki anahtar kelimelerin
sikligl ve egilimi, trend konular, kelimelerdeki yakinligi veya benzerligi
gosteren ag analiz edilmistir.

Bulgular

Bilissel Esneklik (BE) Konusundaki Makalelerin Yayin Yilina goére
Dagilimi ve Ortalama Atif Durumu

Belirli bir arastirma konusu, alan veya disiplin Uzerindeki literaturu
haritalamak icin, yayinlardaki degisimi ve yillara gére atif durumunu
incelemek iyi bir gosterge olabilir. 1975 ve 2023 yillari arasinda, WoS'ta
BE konusunda 3056 makale belirlenmistir. Makalelerin yillara gore yayin
egilimi Sekil 2'de verilmistir.

Sekil 2

Yillik Bilimsel Makale Yayin Egilimi

Yayin Sayisi

400
350
300
250
200
150

100

Sekil T'de belirtildigi Uzere, 1975'ten 2003'e kadar BE makalelerinde bazi
kUcUk dalgalanmalar olmasina ragmen, yayin uretim egiliminin
istikrarl oldugunu sdéylemek mumkundur. Bu yillar arasinda 143 makale
yayimlandigi belirlenmistir. 2003 yilindan itibaren 2022 yilina kadar
istikrarli  bir artis goérulmustur. 2022 yilinda yayimlanan BE
makalelerinde bir zirve noktasi vardir. 2021 yilinda 304, 2022 yilinda ise
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366 makale yayimlanmistir. Bu ¢alismanin yapildigr 2023 yili Agustos
ayinda ise 184 makale yayimlanmistir. Ayni egilim devam ederse, 2023
yilinda Uretilen makale sayisinin 300'U asmasi muhtemeldir. Ayrica, bu
yillar boyunca makale basina ortalama 28.96 atif alinmistir. Yillara gore
atif sayilari ve ortalamasi Sekil 3'te verilmistir.

Sekil 3

Yillara Gore Atif Sayilari ve Ortalamasi

Atiflar

400
350
300
250
200

150

100

N \“\..N
L
1970 1980 1990 2000 2010 2020 2030

—@— Yayin Sayisina Oranla Ortalama Atif Atif Sayisi

En yuksek atif artisinin 1990 (ortalama 237 atif) ve 1994 (ortalama 369.17
atif) yillarinda oldugu gérulmustur. Zirve noktalarina ulasmamakla
birlikte, diger yuksek atif yillari 1995 (ortalama 126.56 atif), 2000
(ortalama 106.57 atif), 2003 (ortalama 123.42 atif), 2004 (ortalama 115.04
atif) ve 2005 (ortalama 116.22 atif) olarak belirlenmistir. Bu yillar
arasindaki dalgalanmalar, 1988 yilinda Spiro vd. tarafindan yayimlanan
“Bilissel esneklik teorisi, kotu yapilandiriimis alanlarda bilgi edinimini
ilerletmistir” baslikli raporun yayimlanmis olmasindan kaynaklanabilir.
Bu calisma, literaturde BE calismalariicin temel olarak géruldugunden,
atif sayisindaki en yuUksek artisin, raporun yayimlanmasindan hemen
sonra 1990 ve 1994 yillarinda oldugu goérulmektedir.

Hernandez-Torrano ve Ibrayeva (2020), bir disiplinin tipik gelisim
modelinin dort asamada gerceklestigini belirtmektedir: (1) az sayida
arastirmacinin yeni fikirler ve kuramsal cerceveler kesfetmek icin
arastirma Uretmeye baslamasi, (2) daha fazla sayida arastirmacinin bir
alanda yayinlarin Ussel bir artisini Uretmesi, (3) alanda yayin sayisinin
istikrara kavustugu ve ilgi azaldiginda dususe gectigi bir alan
olgunlasmasi ve (4) alanda yeni iliskiler yoluyla diger fikirlerin
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gelistirilmesi. Bu baglamda, BE Uzerine yapilan arastirmalarin, su anda
bu gelisim modelinin dérdlUncu asamasinda oldugu séylenebilir.

Bili§sel Esneklik (BE) Makalelerini En Cok Yayinlayan Dergiler ve BE
ile ligili Alintilanma Sayilari

WoS'ta BE konusunu isleyen 3056 makale 278 farkli dergide
yayinlanmistir. Bunlar icinde BE konusu ile ilgili en cok makale
yayinlayan dergiler ve BE ile ilgili alintlanma sayilari Tablo Tde
gosterilmistir.

Tablo 1

Bilissel Esneklik Uzerine Yayinlar Yayinlayan Baslica Dergiler ve BE ile llgili
Alintilanma Sayilari

Dergi BE ile ilgili Arastirma Sayisi*  Atif
Frontiers in Psychology 158 1507
Behavioral Brain Research 86 1066
Psychiatry Research 55 466
Frontiers in Behavioral Neuroscience 54 350
Journal of Experimental Child

Psychology ol >
Journal of Neuroscience 51 1
Neuroscience 47 1
Journal of the In’Fematlo_naI 46 998
Neuropsychological Society

Frontiers in Psychiatry 37 236
Journal of Autism and Developmental

Disorders 37 2
Journal of Psychiatric Research 36 6
Child Neuropsychology 35 2
Neuroimage 35 2813
Neuropsychologia 35 2245
Journal of Clinical and Experimental 24 981
Neuropsychology

Cerebral Cortex 31 3
Frontiers in Human Neuroscience 31 1
Brain Sciences 30 87
Schizophrenia Research 30 1
Neurobiology of Learning and Memory 28 527
Current Psychology 27 55
Journal of Affective Disorders 27 5
Neuropsychology 27 1006
Frontiers in Neuroscience 25 9
Journal of Cognitive Neuroscience 24 2
Biological Psychiatry 23 1
Archives of Clinical Neuropsychology 22 761
Cognition 22 727
Cognitive Development 22 497
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Physiology & Behavior 22 371
Translational Psychiatry 22 194
Personality and Individual Differences 21 1
Psychological Medicine 21 1
Developmental Science 20 2

*Haziran 2023 itibariyle 20 ve 20'nin Uzerinde BE makalesi yayinlayan dergiler
gosterilmistir.

Bilissel esneklik (BE) konusundaki makaleleri en fazla yayimlayan dergi
Frontiers in Psychology'dir. Bu derginin yani sira BE konusundaki
makaleleri en cok yayimlayan diger dergiler sirasiyla su sekildedir:
Behavioural Brain Research, Psychiatry Research, Frontiers in
Behavioral Neuroscience, Journal of Experimental Child Psychology, ve
Journal of Neuroscience. Bu dergilerde 50'den fazla BE makalesi
yayimlanmistir. Bu dért derginin BE Uzerine toplam yayinlarin %15'ini
yayimladigi goérulmektedir. Frontiers in Psychology 2007 yilinda yayin
hayatina baslamistir ve Agustos 2023 itibariyla etki faktoru 3.8'dir. Bu
dergi, “en lyi bilimsel bilgileri ve etkili kesifleri arastirmacilara,
akademisyenlere, klinisyenlere ve dunya capindaki halka ulastirmayi”
hedeflemektedir.

Frontiers in Psychology, Behavioral Brain Research, Psychiatry
Research, Frontiers in Behavioral Neuroscience, Journal of
Experimental Child Psychology, ve Journal of Neuroscience, BE
arastirmalarini en ¢cok yayimlayan dergilerken, en cok atif alan dergiler
Neuroimage, Neuropsychologia, Frontiers in Psychology, Behavioral
Brain Research, ve Neuropsychology'dir. Bu dergiler 1000'den fazla atif
almistir. WoS veritabaninda indekslenen dergiler, BE makaleleri icin
toplamda 188.868 kez atif almistir. Neuroimage, Neuropsychologia,
Frontiers in  Psychology, Behavioral Brain Research, ve
Neuropsychology, toplam atiflarin %5'ini almistir. 1975-2023 yillari
arasinda yayimlanan 3056 BE makalesinin ortalama atif sayisi 28.96'dir.
BE hakkinda yayimlanan arastirma makalelerindeki yillik artis orani ise
%11.5'ir.

En Cok Alintilanan Yayinlar ve Yazarlari

WoS'ta bilissel esneklik (BE) konusu ile yapilan arama sonucunda yayin
bilgilerinden elde edilen bir diger bulgu en ¢cok alintilanan makaleler ve
yazarlaridir. BE arastirmalari Uzerinde en ¢ok etkisi bulunan, alintilanan
yayinlar ve yazarlari Tablo 2'de gosterilmistir.
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Tablo 2
Atif Sayisina Gére BE Arastirmalari Uzerinde En Etkili Yayinlar
Makale Basligi Dergi Yazarlar Yil Atiflar*

The Unity and Diversity of

Executive Functions and Their

Contributions to Complex Akira Miyake et

“Frontal Lobe"” Tasks: A Latent CcP al. 2000 477

Variable Analysis

(https://doi.org/10.1006/cogp.199

9.0734)

Executive Functions

(https://doi.org/10.1146/annurev- AR  Adele Diamond 2013 425

psych-113011-143750)

The Dimensional Change Card

Sort (DCCS): A method of

assessing executive function in Philip David
: NP

children Zelazo

(https://doi.org/10.1038/NPROT.2

006.46)

Diagnostic and Statistical

Manual of Mental Disorders

(https://www.psychiatry.org/psy

chiatrists/practice/dsm)

Task switching

(https://doi.org/10.1016/S1364- TCS

6613(03)00028-7)

Statistical Power Analysis for the

2006 172

APA --- 2013 164

Stephen

Monsell 2003 147

Behavioral Sciences Routl
(https://doi.org/10.4324/9780203 edge Jacob Cohen 1988 138
771587)
An Integrative Theory of Earl K. Miller &
Prefrontal Cortex Function

i . AR Jonathan D. 2001 135
(https://doi.org/10.1146/annurev.n Cohen

euro.24.1.167)

Studies of interference in serial
verbal reactions
(https://doi.org/10.1037/h005465T

)

JEP  J.Ridley Stroop 1935 135

Costs of a predictable switch Robert D.

between simple cognitive tasks Rogers &
(https://doi.org/10.1037/0096- JEP Stephen 1995 130
3445124.2.207) Monsell

The nature and organization of

xecutive functions. Four Akira Miyake &

o CDPS Naomi P. 2012 126
general conclusions Friedman
(https://doi.org/10.1177/096372141
1429458)

Executive functlon'm _ PB Nancy Garon & 5008 125
preschoolers: A review using an Susan E. Bryson
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integrative framework & Isabel M.
(https://doi.org/10.1037/0033- Smith
2909.134.1.31)

Demystifying cognitive

flexibility: Implications for

clinical and developmental ™ Dina R. Dajani &
neuroscience Lucina Q. Uddin
(https://doi.org/10.1016/j.tins.2015.

07.003)

Development of cognitive

control and executive functions

from 4 to 1'3 years: Evidence Matthew C.
from manipulations of memory, N Davidson et al 2006 188
inhibition, and task switching ’
(https://doi.org/10.1016/j.neurops
ychologia.2006.02.006)
Wisconsin card sorting test
computer version 2.0. Odessa

2015 18

PAR R. K. Heaton 1993 12

A new measure of cognitive Matthew M.

flexibility Martin &
(https://doi.org/10.2466/pr0.1995. PR Rebecca B. 1995 109
76.2.623) Rubin

A developmental perspective on

. ) John R. Best &
executive function

(https://doi.org/10.1111/j.1467- b pag!ﬁla H. 2010 106
8624.2010.01499.x) er

Medial frontal cortex mediates 1.M. Birrell &

perceptual attentional set N s 2000 106

shifting in the rat Verity Brown

The cognitive flexibility
inventory: Instrument

development and estimates of John P. Dennis

o - CTR &Jillon S. 2010 104
reliability and validity Vander Wal
(https://doi.org/10.1007/s10608-

009-9276-4)

Relating effortful control,

executive function, and false

belief understanding to Clancy Blair &

emerging math and literacy CD Rachel Peters 2007 102
ability in kindergarten Razza
(https://doi.org/10.1111/j.1467-

8624.2007.01019.x)

*Haziran 2023 itibariyle 100’Un Uzerinde atif almis makaleler gdsterilmistir. CP:
Cognitive Psychology, AR: Annual Reviews, NP: Nature Protocols, APA:
American Psychiatric Association, TCS: Trends in Cognitive Sciences, JEP:
Journal of Experimental Psychology, CDPS: Current Directions in
Psychological Science, PB: Psychological Bulletin, TN: Trends in
Neurosciences, N: Neuropsychologia, N: Neuroscience, PAR: Psychological
Assessment Resources, PR: Psychological Report, CD: Child Development,
CTR: Cognitive Therapy and Research.
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Tablo 2, BE Uzerine yapilan en ¢ok atif alan makaleleri atif sayisina gore
gostermektedir. Bu makaleler incelendiginde, beyin bodlgelerinin
gorevleri, fonksiyonlar, psikiyatri, gorev degistirme, bilissel gdrevler,
manipulasyon, hafiza, bilissel esnekligi 06lcme, matematik ve
okuryazarlik becerileri gibi konularla iliskili olduklari belirlenmistir. En
cok atif alan yayinlar 2000 ve 2013 yillarinda yayimlanmistir. Bu
yayinlarin yer aldigi dergiler genellikle psikoloji ve sinir bilimi alanlarinda
makale kabul eden dergilerdir.

Tablo 2'deki diger ilging diger bir bulgu, en cok alintilanan yayinlarin,
frontal lob fonksiyonlari, posterior ve alt kortikal bolgelerle iliskili olan ve
calisma bellegi, bilissel esneklik, planlama, akil ylrdtme ve problem
¢cOzme gibi Ust duzey bilissel becerileri iceren yurutucu islevler terimini
icerdigidir (Cristofori ve digerleri, 2019). Benzer sekilde, Diamond (2013)
yurutucu islevlerin, dikkat ve odaklanma gerektiginde, otomatik olarak
gitme veya icgudu ya da sezgiye guvenmenin onerilmedigi, yetersiz
veya imkansiz oldugu bir dizi Ust duzey zihinsel sure¢ oldugunu
belirtmektedir. Ayrica, makalelerde en c¢ok atif yapilan konularin
yurutdcu islevlere odaklanmasinin bir diger nedeni de bilissel
esnekligin set degistirme, zihinsel esneklik veya zihinsel set degistirme
olarak adlandirilmasi ve yaraticilikla yakindan iliskilidir olmasidir. Bu
durum, bilissel esneklik ve yurutucu islevler arasindaki iliskiyi de
gostermektedir.

En Cok Atif Alan Yayinlarin Ait Oldugu Ulkeler

WoS'ta bilissel esneklik (BE) konusu ile ilgili yapilan arama sonucunda
yayin bilgilerinden elde edilen bir diger bulgu en cok alintilanan ulkeler
ile ilgilidir. BE arastirmalari Uzerinde en c¢cok etkisi bulunan, alintilanan
yayinlarin ait oldugu Ulkeler Sekil 4'te gdsterilmistir.

Sekil 4
Atif Sayisina Gére BE Arastirmalari Uzerinde En Etkili Ulkeler

Most Cited Countries

usa
UNITED KINGDOM {007}

CANADA _—
AUSTRALIA - o
NETHERLANDS —_—

GERMANY
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ITALY
CHINA

FRANCE —
\IN —

ISRAEL

BELGIUM

IRELAND

ROMANIA

POLAND

INDIA

AUSTRIA

ARGENTINA o
IRAN

HUNGARY .: 1)
LEBANON

N. of Citations
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Sekil 4'te de belirtildigi Uzere, BE makalelerine en ¢cok atif yapilan Ulke
Amerika Birlesik Devletleri'dir. BE makalelerinde yuksek atif siralarina
sahip diger Ulkeler ise Birlesik Krallik, Kanada, Avustralya, Hollanda ve
Almanya'dir.

BE Konusundaki En Fazla Makale Ureten Yazarlar, Yayinlari ve ilgili
Yazar(lar)in Ulkeleri

BE konusundaki en fazla makaleyi Ureten yazarlar, yayinlari ve ilgili
yazar(lar)in  ulkeleri  belirlenmistir. Bu vyazarlar Sekil 5'te
goésterilmektedir.

Sekil 5

Bilissel Esneklik Konusunda En Fazla Yayina Sahip Yazarlar

Most Relevant Authors

WANG Y e
ROBBINS TW e
BEVERSDORF DQ

GRANT JE

CHAMBERLAIN SR

WANG X

DREISBACH G @
EGNER T
ZHANG X
BESTE C
DE
WANG Z
CHENJ 12
alIY 112}
£ CARTWRIGHT KB 1]
3 ZELAZOPD L11]
ZHANG Y 11]
BLAYE A
COLZATO LS
FINEBERG NA
FONSECARP
FROEBER K
Lix
RAGOZZINO ME
TCHANTURIAK
ANDERSON V -
CHEVALIER N A
HOMMEL B |
un (2

ODLAUG BL

N. of Documents

Bilissel esneklik (BE) konusundaki en fazla makaleyi Ureten yazar Yang
Wang'dir. Yang Wang, Central China Normal Universitesi'nde bir
arastirmacidir ve BE hakkinda 27 yayin Uretmistir. Cambridge
Universitesi Psikoloji Bolumu'nde dgretim Uyesi (profesdr) olan Trevor
W. Robbins, BE konusunda yuksek sayida yayina sahip diger bir
yazardir. Robbins, BE Uzerine 25 makale yayimlamistir. David Q.
Beversdorfve Jon E. Grant U¢cuncu siradadir ve her biri 21 yayina sahiptir.
Samuel R. R. Chamberlain ve Xiang Wang ise 20 yayina sahip olup 4.
siradadir. Bu yazarlarin makalelerinde BE ile ilgili konular sunlardir:
beyin fonksiyonel aglarinin esnekligi, yaraticilik, zihinsel stres, tip
egitimi, bilissel surecler, entelektuel alcakgdnulluluk, dini inangsizlik,
obsesif-kompulsif bozukluk, 6grenme, partizan zihin, beta-adrenerjik
modulasyon, dopaminerjik modulasyon, noradrenalin modulasyonu,
dogal stresorler, kumar siddeti, psikiyatrik bozukluklar, trikotillomani,
patolojik kumarbazlar, sizofrenide ndérokognitif bozukluklar. Bu
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makaleleri yayimlayan ilgili yazarlarin yasadigi ulkeler Sekil 6'da
gosterilmektedir.

Sekil 6

Bilissel Esneklik Konusunda En Fazla Yayina Sahip Yazarlarin Yasadigi
Ulkeler

Corresponding Author's Countries

Countries

Collaboration

B scr

MCP

;_.v-.-nnnlh.l.ill i '

N. of Documents
SCP: Single Country Publications, MCP. Multiple Country Publications

Uretilen BE makalelerinin sorumlu yazarlarin bulundudu ulkeler ve bu
Ulkelere gore en ¢cok BE yayin uretimi incelendiginde, Amerika Birlesik
Devletleri ilk sirada iken bu Ulkeyi Cin, Birlesik Krallik, Almanya, Kanada,
Hollanda, Avustralya, italya, ispanya, Fransa gibi Ulkeler takip etmistir.

Bilissel Esneklik Arastirmalarda En Cok Kullanilan Sézcukler

WoS'taki makalelerin ézet ve anahtar kelime listelerindeki anahtar
kelimelerin eszamanli kullanim analizi yapilarak BE konusundaki genel
temalar veya kelime gruplari ortaya konmustur. Sonuclar Sekil 7'de

gosterilmektedir.

Sekil 7

Bilissel Esneklik ile lliskili Kelimelerin Makalelerdeki Eszamanli Kullanimi
rosnon;o- [Inml_qn adolescents decision-making

ividual-differences
cmmmv«m"f"-“w'I:II!IIlltl\ll% ﬂI})(Illllllvc.,,m.,,

cn-'-i'%i':'-ll ell(’l r an Gﬂ::i‘i’;“?:'?f?,‘"f's

ersnnalllv scale

Iellalllllm

dlsnrdur '
dysfunction ﬂeflcltsc II I I d ram exl ility

inhibitory control

seit-reguiation (h 0 R ﬁ“t“'e lllll,;.ll nsclllzonllrema

medial prefrontal cortex validation mind siress S 'S card sorting test

327



PAUEFD, 63, 315-333 [2025]  C. Toraman, C. Caliskan ve G. Korkmaz https://doi.org/10.9779/pauefd.1521299

Sekil 7'de de gorulebilecedi gibi, makalelerde "bilissel esneklik" terimi
genellikle su kelimelerle birlikte kullanilmaktadir: c¢alisma bellegi,
performans, cocuklar, bilissel esneklik, prefrontal korteks, dikkat,
yurutucu islev, bireysel farkliliklar, hafiza, eksiklikler, beyin, gorev,
inhibisyon, esneklik, davranis, depresyon, meta-analiz, korteks, karar
verme, bozukluk, islev bozuklugu, sizofreni, ergenler, yanit inhibisyonu,
bozukluk, cocukluk, bilissel kontrol, guvenilirlik ve yas. Bu kelimelerin
yillara gore populerligi veya egilimi Sekil 8'de gosterilmektedir.

Sekil 8

Yillara Gére Bu Kelimelerin Populerligi/EGilimi

Trend Topics

theta

LION

Term
L 1]
(11]
00
(11 ]
00
°00
0000
N » 2

?

e
i
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20031%¢
2005
200
2011
2013
201
2021
2023

Year

1995-2005 yillari arasinda kapali kafa travmasi (closed-head-injury),
noropsikolojik eksiklikler (neuropsychological deficits), infantil otizm
(infantile-autism), hasta (patient), Alzheimer (Alzheimer), istihdam
(employment), sizofreni hastalari (schizophrenic-patients), geri cekilme
(withdrawal), hasar (damage), evcil hayvan (pet), metilfenidat
(methylphenidate), frontal lob hasari (frontal-lobe damage), ve test
performansi (test-performance) gibi kelimeler populerdir.

2006-2015 yillari arasinda ila¢ (medication), hafiza bozuklugu (memory
impairment), ekzotoksik lezyonlar (excitotoxic lesions), alkol (alcohol),
surdurme (perseveration), frontal lob (frontal-lobe), lezyonlar (lesions),
rhesus maymunlari (rhesus-monkeys), beta-adrenerjik modulasyon
(beta-adrenergic modulation), dissosiasyon (dissociation), gorsel ayrim
(visual-discrimination), kategorilendirme (categorization), anomaliler
(abnormalities), aktivasyon (activation), bilissel esneklik (cognitive
flexibility), islev bozuklugu (dysfunction), eksiklikler (deficits), hafiza
(memory), tanima (recognition), sizofreni (schizophrenia), dikkat
(attention), prefrontal korteks (prefrontal cortex), gdrev (task),
performans (performance), calisma bellegi (working-memory), versiyon
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(version), beyin (brain), yurutlcu islev (executive function), bilissel
esneklik (cognitive flexibility) ve cocuklar (children) kelimeleri trend
olmustur.

2016-2023 yillari arasinda ise, BE makalelerinde populer olan kelimeler
dusunme (thinking), bireysel farkliliklar (individual differences), travma
sonrasi stres bozuklugu (Post-traumatic stress disorder-ptsd), gecerlilik
(validity), guvenilirlik  (reliability), meta-analiz  (meta-analysis),
mudahaleler (interventions), birlik (unity), cesitlilik (diversity), ve theta
(theta)'dir.

Kelimelerin ag olarak kullanimi ve kelime yakinhgr $Sekil 9'da
gosterilmistir.

Sekil 9

Bilissel Esneklik Calismalarindaki Sézcuklerin Kullanim Agi

*

s , —

Sekil 8'dekisdzcuk agi olusturulurken kimelerin olusmasinda 10 sdzcuk
kesme noktasi kullaniimistir. Yani bir kimenin etrafinda, o kimeyle
iliskilenen on sdzcUk olmasi tercih edilmistir. Bilissel esneklik (cognitive
flexibility) kavraminin merkezi bir konumda oldugunu gostermektedir.
Kelime agi icinde su gruplar olusturulmustur:

Birinci grup: esneklik (flexibility), prefrontal korteks (prefrontal cortex),
beyin (brain), isleyen bellek (working-memory), gdrev (task), bilissel
(cognitive), hafiza (memory), karar verme (decision-making), korteks
(cortex), aktivasyon (activation), yanit inhibisyonu (response-inhibition),
yurdtucu islev (executive function), mudahale (interference), bilissel
kontrol (cognitive control) ve sizofreni (schizophrenia).

Ikinci grup: davranis (behavior), performans (performance), eksiklikler
(deficits), islev bozuklugu (dysfunction), bozukluk (disorder), meta-
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analiz (meta-analysis), depresyon (depression), bozukluk (impairment),
ergenler (adolescents), model (model), stres (stress), belirtiler
(symptoms), dlcek (scale), guvenilirlik (reliability), gecerlilik (validity) ve
etki (impact).

UclncU grup: yuratlcl islev (executive function), cocuklar (children),
bireysel farkhliklar (individual differences), cocukluk (childhood), yas
(age), zihin (mind), zekda (intelligence), bastirici kontrol (inhibitory
control), genc¢ cocuklar (young-children), dil (language), kendini
duzenleme (self-regulation), yetenek (ability) ve beceriler (skills).

Son grup: medial prefrontal korteks (medial prefrontal cortex),
davranissal esneklik (behavioral flexibility), néronlar (neurons), fareler
(rats), ifade (expression), reseptdrler (receptors), sicanlar (mice),
hipokampus (hippocampus), uzun donem potansiyasyon (long-term
potentiation) ve dorsomedial striatum (dorsomedial striatum) gibi
kelimeler dis cevrede yer almaktadir.

Sonug, Tartisma ve Oneriler

Bu calisma, Web of Science (WoS) verilerine dayanarak bilissel esneklik
(BE) arastirmalarinin mevcut durumunu ortaya koymak ve gelisimini
incelemek amaciyla gerceklestirilmistir. Sonuclar, BE arastirmalarinin
ozellikle 2022'de makale yayin trendine bakildiginda, hala gelisen bir
alan oldugunu gdstermektedir. BE'ye olan ilgi arttik¢ca, bu alanda
yenilik¢i calismalar ve yeni bakis acilari beklenmektedir ve bu da BE'nin
yonunu sekillendirecektir. BE'nin psikoloji, ndérobilim, egitim ve daha
fazlasi gibi genis bir disiplin yelpazesiyle kesistigi g6z &nunde
bulunduruldugunda, Dbilissel esnekligin  disiplinlerarasi  dogasi
sayesinde, farkli alanlardan akademisyenler BE arastirmalarinin
gelisimine katkida bulunmustur.

Ayrica, makalelerde BE ile iliskili kelimelerin birlikte bulunma
analizinden hareketle, bu alandaki arastirmacilarin genis bir konu
yelpazesini arastirdiklari gérulmektedir. Bu konular esas olarak BE'nin
bilissel ve davranissal yonleriyle ilgilidir. Calismalarin odaklandigi genis
kelime ve kategori yelpazesi birlikte degerlendirildiginde, bu genis
spektrum BE calismalarinin ¢cok disiplinli dogasini yansitarak surekli
genisleme potansiyelini géstermektedir. Bu arastirmalarin derinligi ve
genis konu yelpazesi, BE arastirma alaninin dinamik ve surekli gelisen
bir alan olarak kalmaya aday oldugunu dogrulamakta ve disiplinler arasi
birlikte ¢calisma ve yenilik¢i bakis acilart BE'nin anlasilmasini daha da
zenginlestirmektedir.

Sonuclar ayrica, BE ile ilgili arastirmalarin cogunlukla nérobilim,
psikiyatri ve psikoloji makaleleri yayimlayan dergilerle yer aldigini
gostermektedir. Bu durum, BE'nin bilissel ve zihinsel saglik bilimleri ile
iliskisini vurgulamaktadir. Arastirmalar ilerledikce, bu dergiler BE
alaninda degerli bulgularin ve bilgilerin yayillmasinda kritik platformlar
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olarak hizmet etmektedir. Ayrica, BE arastirmalarinin bu disiplinlerle
olan yakin iliskisi, bilissel esnekligin bilissel ve davranissal temelleri ile
olan baglantilarini gucglendirmekte ve bu alanlarda uygulama ve
entegrasyon potansiyelini sergilemektedir.

Bir diger bulgu, BE makalelerinin en ¢cok atif aldigi ve en yuksek Uretim
oranlarina sahip Ulkenin ABD oldugudur. Bu bulgu, Amerikan
arastirmacilarinin BE arastirmalarinin ilerlemesine énemli bir katki
sagladigini ve ulkenin BE calismalarinin yonunu sekillendirmedeki
liderligini vurgulamaktadir. Bilimsel yeniliklerin kuresel merkezi olarak
ABD, BE arastirmalarinda daha fazla gelismeye onculuk etmekte ve
uluslararasi birlikte calismayi tesvik ederek kuresel bir izleyici kitlesine
bilgi sunmaktadir. ABD'nin BE arastirmalarindaki liderligi, kapsamli ve
dinamik arastirma ekosisteminin  bir yansimasidir ve BE
arastirmalarindaki devam eden katiliminin bu alanin gelecekteki
gelisiminde dnemli bir rol oynayacagi sdylenebilir.

Bu bibliyometrik analiz calismasinin bazi sinirliliklari bulunmaktadir. ilk
olarak, ¢calismanin bulgulari WoS veri tabanindaki arastirma bulgulari
ile sinirlidir. Baska bir deyisle, Scopus, ERIC, Psyinfo, PubMed gibi
alternatif veri tabanlarini kullanarak yapilan literatdr bulgulari
calismaya dahil edilmemistir. Bir diger sinirlilik ise, bu ¢calismada yapilan
analize kitaplar, kitap bdlumleri veya konferans bildirileri gibi diger
bilimsel yayin turleri dahil edilmemistir. Bu sinirliiklara ragmen, bu
calismanin BE literaturine kapsamli bir bakis sundugu ve alanin
gelecekteki arastirmalari icin ilging icgoruler sagladigi
dusunulmektedir.

BE alaninda yapilacak arastirmalarin etkisini artirmak icin psikoloji,
egitim, noérobilim ve saglik bilimleri gibi farkh disiplinlerden
arastirmacilarin birlikte calisma yapmasi tesvik edilmelidir. Bu tur
birlikte calismalar, bilissel esnekligin farkli baglamlarda nasil isledigine
dair daha derinlemesine bilgi saglayabilir. Ornegin, editimde bilissel
esnekligin etkisini inceleyen cok disiplinli arastirmacilar hem psikolojik
hem de pedagojik acidan 6nemli sonuclar elde edebilir.

Gelecek arastirmalarda, WoS disinda Scopus, ERIC ve Psylnfo gibi diger
veri tabanlarinin da incelenmesi, BE alanindaki literaturd daha
kapsamli bir sekilde anlamak icin faydali olacaktir. Bu, arastirmalarin
daha genis bir perspektif kazanmasini ve farkl alanlardan gelen
calismalarin da dikkate alinmasini saglayacaktir. Benzer sekilde, BE
literatUrune daha genis bir bakis sunmak icin, kitaplar, kitap bélumleri
ve konferans bildirileri gibi diger bilimsel yayin turlerinin de ¢alismalara
dahil edilmesi alanin dinamiklerini ve guncel egilimlerini anlamak icin
degerli bilgiler sunabilir.
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Ayrica, egitim kurumlarinda bilissel esnekligin gelistiriimesine ydnelik
programlarin  etkinligini arastiran calismalar, uygulayicilar ve
arastirmacilar icin pratik bilgiler sunacaktir.

Sonug¢ olarak, bu alandaki arastirmacilar ve paydaslar, BE'nin surekli
genisleyen alaninda gelecekteki buyume potansiyelini de g6z énunde
bulundurarak disiplinlerarasi calismalara devam etmelidir.

Etik Kurul izin Bilgisi: Arastirmanin bir bibliyometrik analiz calismasi
olmasi nedeniyle etik kurul iznine gerek yoktur.

Yazar Cikar Catismasi Bilgisi: Yazarlarin beyan edecegi bir cikar
catismasi yoktur.

Yazar Katkisi: CT: Calismanin tasarlanmasi ve verilerin analiz edilmesi
GK, CT, CC: Giris ve yontemin yazilmasi CC, CT: Verilerin toplanmasi, R
Programina girilmesi, GK, CC, CT: Tartismanin yazimi ve raporlanmasi.
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Abstract

This study aims to examine the current state of research on Cognitive
Flexibility (CF) based on the data available in the Web of Science
(W0oS). To this end, a bibliometric approach was employed to review
the relevant literature on CF utilizing the metadata from the WoS
between 1975 and 2023. The study involved an examination of the
distribution of the articles by year of publication and average citation
status, the most prolific journals publishing on CF, the number of
citations of articles on CF, the most highly cited articles on CF, the most
prolific authors on the topic, the top countries in which the articles
about CF were cited most, the authors who have produced the most
articles on CF, their publications, and their countries, and the trend of
words associated with CF in the articles. The results reveal that,
although the trend of article publication by year has increased in
recent years, the highest increase in citations concerning CF articles
occurred in 1990 and 1994. The most productive journals included
Behavioral Brain Research, Psychiatry Research, Frontiers in
Behavioral Neuroscience, Journal of Experimental Child Psychology,
and Journal of Neuroscience. Another finding was that the USA is the
leading country in CF articles as to CF most frequently cited and it also
has the highest production rates. In addition, the most frequently used
words in the CF articles were found as flexibility, prefrontal cortex,
brain, working-memory, task, cognitive, memory, decision-making,
cortex, activation, response-inhibition, executive function, interference,
cognitive control, and schizophrenia. It is thus our contention that this
study provides a comprehensive review of the existing literature on CF
and provides interesting insights into the development of CF that will
inform future research.
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Introduction

Cognitive flexibility (CF) is a multidimensional process that involves
processing multiple pieces of information simultaneously, generating
multiple ideas, considering alternatives, and altering or changing plans
to adjust to a particular situation or context (Stevens, 2009). In this
process, selecting knowledge to adaptively fit the needs of
understanding and decision-making in a situation is needed; thus, it
depends on having a diversified repertoire of ways of thinking (Spiro,
1988). It also helps people to find adaptive responses to complex
phenomena (Spiro et al., 2003). Similarly, Canas et al. (2003) point out
that CF is a human ability to adapt their cognitive processing strategies
to face novel and unexpected situations. Another definition is that CF is
an important characteristic that helps humans pursue challenging
tasks and find novel and adaptable solutions to changing demands in
our everyday lives (lonescu, 2012). Thus, CF can be said to involve a kind
of problem-solving as well as trial and error, which is regarded as a type
of fluid intelligence (Stevens, 2009). Therefore, CF is essential for
adaptive cognition, creative problem-solving, and ‘out of the box
thinking (Peters & Crone, 2014).

Cognitive Flexibility (CF) plays a key role in the development of thought,
reasoning, and the acquisition of new knowledge, but also in the
mediation of social interactions, the sharing of points of view, and the
elaboration of socially coordinated action plans. Likewise, Dajani and
Uddin (2015) state that cognitive flexibility, the readiness with which one
can selectively switch between mental processes to generate
appropriate behavioral responses, is related to cognition and behavior.
According to Dennis and Vander Wal (2010), CF covers three basic areas;
namely, (1) the tendency to perceive challenging situations in a
controllable way, (2) the ability to perceive possible alternatives to the
circumstances and human behaviors that occur in life, and 3) a skill to
create a number of solutions to challenging situations. When these
definitions and explanations are taken into consideration, one can state
that CF should not be limited to the adaptability of thought only but
also the adaptability of behaviors (Chen et al,, 2014).

From a neuropsychological perspective, it is pointed out in the
literature that the frontal lobes and prefrontal cortex play a key role in
CF. Eslinger and Grattan (1993) state that the frontal lobes and basal
ganglia regions have an impact on reactive CF, the ability to select and
implement a particular idea within a particular context while the frontal
lobes are more active than the basal ganglia in spontaneous CF and the
ability to generate multiple ideas (lbrahim et al., 2013). From this point
of view, CF can be categorized into two types such as reactive CF and
spontaneous CF. Reactive CF occurs when the environment changes
and the constraints of the task require a change in response. In contrast
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spontaneous CF occurs when the individual gives varied responses in a
stable environment that does not necessarily require a change in
strategy (Clement, 2022). A further aspect of cognitive flexibility in terms
of neuropsychological research reveals a distributed network of
frontoparietal regions involved in flexible switching. These include high-
level cortical association areas, the premotor cortex, the inferior and
superior parietal cortices, the inferior temporal cortex, the occipital
cortex, and subcortical structures such as the caudate and thalamus
attempting to understand how these brain regions interact to form a
coherent network to implement cognitive flexibility (Dajani & Uddin,
2015). The authors posit that CF skills start to develop in early childhood
with a sharp increase in abilities between the ages of seven and nine.
They further propose that while skills largely mature by ten, they
continue toimprove during adolescence and adulthood and reach their
peak between the ages of 21 and 30 years.

This study aims to examine the current state and development of CF
research based on the data available in the Web of Science (WoS)
between 1975 and 2023. This research, which is the first study on CF
conducted through bibliometric analysis, is significant in terms of its
results and especially in terms of presenting a method based on
analytical tools for future research on CF.

Method

This study adopted a bibliometric analysis of research conducted on
cognitive flexibility (CF). Bibliometrics basically aims to evaluate the
scientific literature in a particular field and has a wide applicability
range for all science fields (Andrés, 2009). The term “bibliometrics” was
first used by Pritchard in 1969 (Andrés, 2009). Andrés defined the term
as the application of mathematics and statistical methods to books and
other media of communication, and this application is the metrology of
the information transfer process; its purpose is the analysis and control
of the process. In summary, bibliometrics is the scientific study of
recorded discourse. Similarly, Aktoprak and Hursen (2022) state that
bibliometrics deals with the statistical and quantitative analysis of
certain characteristics of publications, such as the author(s), subjects,
publication information, and cited sources. Apart from bibliometrics,
there is a similar term called "scientometrics" which is defined as the
study of the quantitative aspects of science as a discipline or economic
activity (Rousseau et al.,, 2018; Sooryamoorthy, 2021; Szanto-Varnagy et
al.,, 2014). Initially, the field of scientometrics was restricted to the
measurement of science commmunication, whereas bibliometrics was
designed to deal with more general information processes (Andrés,
2009).
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Data creation process

In this particular study, Clarivate's Web of Science (WoS) index was
preferred as a data source. The literature on “cognitive flexibility” (CF) in
WoS was mapped with a bibliometric approach. Mongeon and Paul-
Hus (2016) stated that WoS and Elsevier's Scopus indexes are frequently
used in bibliometric and scientometrics studies. While obtaining the
research literature data on CF from WoS, the following filtering steps in
Figure 1 were followed:

Figure1

Data Creation Process

Cognitive Flexibility

Enter Related
Keywords in WoS
I'4

Refine Indexes
to Search

N
Refine Language
I'4

Refine Document
Type

Social Science Citation Index (SSCI),
Science Citation Index (SCI),

Science Citation Index-Expanded (SCI-E),
Art & Humanities Citation Index (A&HCT)

Only English

Neurosciences, Psychiatry, Clinical Neurology,
Psychology, Psychology Experimental, Behavioral
Sciences, Psychology Multidisciplinary, Psychology

Articles, Early Access Articles

N Developmental, Psychology Clinical, Education
Educational Research, Rehabilitation, Psychology
Refine by,WOS Educational, Psychology Social, Ncuroimaging,
Categories Psychology Applied, Psychology Biological,
¥ Radiology, Nuclear Medicine Medical Imaging,
Refine Education Special, Physiology, Psychology

Rcad, Evaluatc Studics,
Remove Irrelevant

Publications That Mathematical, Education Scientific Disciplines,
ay Be Irrelevant Psychology Psychoanalysis

N
Analyze
Bibliometric

The data set created through the process in Figure 1 included 3056
studies on CF. In this data set, the publication year, the number of
citations, the author(s), the institution/organization, the country, the
journal, and the metadata of the cited sources, as well as the title,
summary, and keywords of the documents were included.

Perform analysis with the R
Program “biblioshiny: the
shiny app for bibliometrix” package.

Data analysis

In this study, data analysis was conducted using free software, R 4.2.3 (R
Core Team, 2023) version and RStudio 2023.06.0. The package that
enables bibliometric analysis in the R program is the “bibliometrix”
package developed by Aria and Cuccurullo (2017). The analyses were
carried out using this package. This software was used to describe the
date ranges and number of the studies included in the study, the
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annual increasing trend of the studies, the number of authors, the
international author collaboration status, the reference statistics used,
the average of publications per year, and the average number of
citations per research article. Additionally, the most significant and
frequently cited sources in the research were determined. In terms of
authors, the authors most relevant to CF, the most cited authors, the
scientific publication production of these authors by years, the
countries where the authors conducted the research, and the most
cited countries about CF were examined. In the context of the research
document (article), the frequently used words in the documents, the
word cloud, the frequency and trend of the keywords in the documents
per year, the trend topics, and the network showing the proximity or
similarity in the words were analyzed.

Findings

Distribution of the articles about cognitive flexibility (CF) by year of
publication and average citation status

To map the literature on a specific research topic, field, or discipline, it
can be a good indicator to examine the change in publications and the
citation status by year. Between 1975 and 2023, 3056 articles were
determined on CF in WoS. The publication trend of the articles by year
is offered in Figure 2.

Figure 2
Article Publication Trend by Year
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Although there are some slight fluctuations in the number of CF articles
from 1975 to 2003, it can be claimed that there is a steady production
trend. It was determined that 143 articles were published between
these years. As of 2003, a steady increase was seen until 2022. There is a
peak in the trend in CF articles published in 2022. It was determined
that 304 articles were published in 2021 and 366 articles in 2022. In
August 2023, by the time this study was conducted, 184 articles were
published. If the same trend continues, the number of articles
produced in 2023 is likely to exceed 300. In addition, during these years,
an average of 28.96 citations was received per article.

Figure 3

Number of Citations and Their Averages by Year
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It was also found that the highest increase in citations to CF articles was
in 1990 (average 237 citations) and 1994 (average 369.17 citations).
Although it has not reached the peak points, other high citation years
are 1995 (average 126.56 citations), 2000 (average 106.57 citations), 2003
(average 123.42 citations), 2004 (average 115.04 citations), and 2005
(average 116.22 citations). There has been a decrease in citations to CF
articles in recent years. These fluctuations between years may be
because, In 1988, a report entitled “Cognitive flexibility theory has
advanced knowledge acquisition in ill-structured domains” was
published by Spiro et al. (1988). As this study is regarded as the basis for
CF studies in the related literature, it is clear that the highest increase
in the number of citations occurred in 1990 and 1994, shortly after the
report was published.
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Hernandez-Torrano and lbrayeva (2020) state that there is a typical
developmental pattern of a discipline which occurs in four stages: (1)
small number of researchers begin to produce research exploring new
ideas and theoretical frameworks, (2) a higher number of researchers
generate an exponential increase in publications in a field, (3) a field
maturation in which the number of publications stabilizes and then
declines when interest in the area reduces, and (4) other ideas are
developed through new relations in the field. Research on CF seems to
be currently in the fourth stage of this developmental pattern.

Most Productive Journals Publishing on CF and Number of CF-
related Citations

3056 articles on CF in WoS were published in 278 different journals.
Among these, the most productive journals that published articles on
CF and the number of citations related to CF are shown in Table 1.

Table 1
Most Productive Journals Publishing on CF and Number of CF-related
Citations

Journal Document* Citations
Frontiers in Psychology 158 1507
Behavioral Brain Research 86 1066
Psychiatry Research 55 466
Frontiers in Behavioral Neuroscience 54 350
Journal of Experimental Child Psychology 51 5
Journal of Neuroscience 51 1
Neuroscience 47 1
Journal of the In’Fematlo_naI 46 998
Neuropsychological Society

Frontiers in Psychiatry 37 236
Journal of Autism and Developmental

Disorders 37 2
Journal of Psychiatric Research 36 6
Child Neuropsychology 35 2
Neuroimage 35 2813
Neuropsychologia 35 2245
Journal of Clinical and Experimental 24 981
Neuropsychology

Cerebral Cortex 31 3
Frontiers in Human Neuroscience 31 1
Brain Sciences 30 87
Schizophrenia Research 30 1
Neurobiology of Learning and Memory 28 527
Current Psychology 27 55
Journal of Affective Disorders 27 5
Neuropsychology 27 1006
Frontiers in Neuroscience 25 9
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Journal of Cognitive Neuroscience 24 2
Biological Psychiatry 23 1
Archives of Clinical Neuropsychology 22 761
Cognition 22 727
Cognitive Development 22 497
Physiology & Behavior 22 371
Translational Psychiatry 22 194
Personality and Individual Differences 21 1
Psychological Medicine 21 1
Developmental Science 20 2

*Table 1 shows the journals that have published 20 and more than 20 CF
articles by August 2023.

The most productive journal which published articles on CF is Frontiers
in Psychology. Apart from this journal, it can be stated that the most
productive journals which published articles on CF are Behavioural
Brain Research, Psychiatry Research, Frontiers in Behavioral
Neuroscience, Journal of Experimental Child Psychology, and Journal of
Neuroscience. In these journals, more than 50 CF articles were
published. It was found that these four journals published 15% of the
total publications on CF. Frontiers in Psychology started publication in
2007 and, as of August 2023, has an impact factor of 3.8. The journal
“aims to be at the forefront of disseminating the best scientific
knowledge and impactful discoveries to researchers, academics,
clinicians, and the public worldwide.” While Frontiers in Psychology,
Behavioral Brain Research, Psychiatry Research, Frontiers in Behavioral
Neuroscience, Journal of Experimental Child Psychology, and Journal of
Neuroscience are the journals that publish the most CF-related
research, the most cited journals are Neuroimage, Neuropsychologia,
Frontiers in Psychology, Behavioral Brain Research, Neuropsychology.
The number of citations these journals received is over 1000. Journals
indexed in the WoS database were cited 188.868 times for the articles
on CF. Neuroimage, Neuropsychologia, Frontiers in Psychology,
Behavioral Brain Research, and Neuropsychology took on 5% of the
total number of citations. The average number of citations per research
document of 3056 studies published on CF between 1975 and 2023 is
28.96. The annual growth rate in research articles published about CF is
11.5%.

Most Cited Cognitive Flexibility (CF) Articles and Authors

Another finding obtained from the search for CF articles in WoS is about
the most cited articles and their authors. The most cited CF articles and
their authors are shown in Table 2.
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Table 2
Most Cited/Influential Articles about CF and Their Authors

Title Journal Authors Year Citations*
The Unity and Diversity of
Executive Functions and their

. . Akira
Contributions to Complex “Frontal Miyake 200
Lobe” Tasks: A Latent Variable CcP 477
Analysis etal. 0
(https://doi.org/10.1006/cogp.1999.0
734)
Executive Functions Adele
(https://doi.org/10.1146/annurev- AR Diamon 2013 425
psych-113011-143750) d
The Dimensional Change Card Sort
(DCCS): A method of assessing Philip 500
executive function in children NP David c 172
(https://doi.org/10.1038/NPROT.200 Zelazo
6.46)
Diagnostic and Statistical Manual
of Mental Dlsorders' . APA . 5013 164
(https://www.psychiatry.org/psychi
atrists/practice/dsm)
Task switching Stephe
. 200
(https://doi.org/10.1016/S1364- TCS n < 147
6613(03)00028-7) Monsell
Statistical Power Analysis for the
Behavioral Sciences Routled  Jacob 198 138
(https://doi.org/10.4324/9780203771 ge Cohen 8
587)
An Integrative Theory of Prefrontal ,\I/E“a;lr;:(&
Cortex Function AR Jonatha 200 135
(https://doi.org/10.1146/annurev.neu D 1
ro.24.1.167) Cohen
Studies of interference in serial .
. J. Ridley
verbal reactions JEP Stroop 1935 135
(https://doi.org/10.1037/h0054651)
Costs of a predictable switch Ro[t;ert
between simple cognitive tasks ’
(https://doi.org/10.1037/0096- JEP Ro?&ers 1995 150
3445124.2.207) Stephe
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n
Monsell
N Akira
The nature and organization of .
C . . . Miyake
individual differences in executive 2
functlor?s: Four general CDPS Naomi 2012 16
conclusions D
(https://doi.org/10.1177/09637214114 Frieam
29458)
an
Nancy
. L Garon &
Executive function in preschoolers: Susan
A review using an integrative
E. 200
framework PB Brveon g 125
(https://doi.org/10.1037/0033- 2 IZabeI
2909.134.1.31)
M.
Smith
Demystifying cognitive flexibility: Dina R.
Implications for clinical and Dajani &
developmental neuroscience TN Lucina 2015 18
(https://doi.org/10.1016/j.tins.2015.07. Q.
003) Uddin
Development of cognitive control
and executive functions from 4 to
. Matthe
13 years: Evidence from
. . w C. 200
manipulations of memory, N . 188
s o Davidso 6
inhibition, and task switching A et al
(https://doi.org/10.1016/j.neuropsych '
0logia.2006.02.006)
Wisconsin carql sorting test PAR R. K. 1993 2
computer version 2.0. Odessa Heaton
Matthe
- w M.
A new measure of cognitive :
flexibility Martin
PR & 1995 109
(https://doi.org/10.2466/pr0.1995.76.
2.623) Rebecc
’ aB.
Rubin
A developmental perspective on John R.
executive function cD Best & 201 106
(https://doi.org/10.1111/j.1467- Patricia O
8624.2010.01499.x) H. Miller
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IM.

Medial frontal cortex mediates :

. oy Birrell & 200
perceptual attentional set shifting N . 106
. Verity 0
in the rat

Brown

e John P.
The cognitive flexibility inventory: Eg)ennnis
Instrument development and .

. T - &Jillon 201
estimates of reliability and validity CTR S o 104
(https://doi.org/10.1007/s10608-009- '

9276-4) Vander
Wal
Relating effortful control, executive
. . Clancy
function, and false belief .
understanding to emerging math Blair & 200
. 9 o emMerging CD  Rachel 102
and literacy ability in kindergarten Peters
(https://doi.org/10.1111/j.1467-
Razza

8624.2007.01019.x)

*Table 2 shows the articles that received more than 100 citations until August
2023. CP: Cognitive Psychology, AR: Annual Reviews, NP: Nature Protocols,
APA: American Psychiatric Association, TCS: Trends in Cognitive Sciences, JEP:
Journal of Experimental Psychology, CDPS: Current Directions in
Psychological Science, PB: Psychological Bulletin, TN: Trends in
Neurosciences, N: Neuropsychologia, N: Neuroscience, PAR: Psychological
Assessment Resources, PR: Psychological Report, CD: Child Development,
CTR: Cognitive Therapy and Research

Table 2 indicates the most cited articles on CF by the number of
citations they received. When these articles are examined, it becomes
evident that they are related to a multitude of topics such as tasks of
brain regions, functions, psychiatry, task switching, cognitive tasks,
manipulation, memory, the measure of cognitive flexibility, math, and
literacy skills. The most cited publications were published in 2000 and
2013. The journals in which these publications were published are
mostly journals that accept articles in psychology and neuroscience.
Another interesting finding in Table 2 is that the most cited publications
include the word executive functions, which are associated with frontal
lobe functioning, posterior and subcortical regions, and these functions
include high-order cognitive skills such as working memory, cognitive
flexibility, planning, reasoning, and problem-solving (Cristofori et al,,
2019). Similarly, Diamond (2013) points out that executive functions also
called executive control or cognitive control refer to a family of top-
down mental processes needed when you have to concentrate and pay
attention when going on automatic or relying on instinct or intuition
would be ill-advised, insufficient, or impossible. Another reason why the
most cited papers in the manuscript focus on executive functions is
that cognitive flexibility is also called set shifting, mental flexibility, or
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mental set shifting and is closely linked to creativity. This also shows the
relationship between cognitive flexibility and executive functions.

Top Countries in which the Articles about CF Were Cited Most

A further finding obtained as a result of the search for CF articles in WoS
is the identification of the top countries to which the most cited
publications on CF research belong. The top countries ranked by
the number of citations about the CF articles are shown in Figure 4.
Figure 4

Top Countries Ranked by Number of Citations about the CF Articles
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The USA is the leading country in which CF articles were most
frequently cited. Other countries that have high citation ranks in CF
articles include the United Kingdom, Canada, Australia, Netherlands,
and Germany.

The Authors Who Have Produced the Most Articles on CF, Their
Publications, and the Countries of the Corresponding Author(s)

The authors who produced the most publications on the subject of CF
in WoS are shown in Figure 5.
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Figure 5
The Authors with the Highest Number of Publications on CF
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The author with the highest number of articles on CF is Yang Wang, a
researcher at Central China Normal University. Wang produced 27
publications on CF. On the other hand, Trevor W Robbins, a professor at
the University of Cambridge, Department of Psychology, is another
author who has a high number of publications on CF. Robbins
published 25 articles on CF. David Q. Beversdorf and Jon E. Grant take
third place with 21 publications. The researchers, Samuel R. R.
Chamberlain and Xiang Wang are ranked 4th with 20 publications
each. In these authors’ articles, the topics which are related to CF
include flexibility of functional networks in the brain, creativity, mental
stress, medical education, cognitive processes, intellectual humility,
religious disbelief, obsessive-compulsive disorder, learning, partisan
mind, beta-adrenergic modulation, dopaminergic modulation,
noradrenergic modulation, naturalistic stressors, gambling severity,
psychiatric  disorders, trichotillomania, pathological gamblers,
neurocognitive impairments in schizophrenia The countries of the
corresponding authors who published these articles are provided in
Figure 6.
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Figure 6
The Countries of the Corresponding Authors Who Have Articles on CF
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When the countries of the corresponding authors who have articles
about CF and the most CF article production rates according to these
countries are examined, the USA is the leading country, followed by
China, United Kingdom, Germany, Canada, Netherlands, Australia, Italy,
Spain, and France.

The trend of words associated with CF in the articles

A co-occurrence analysis of keywords in the abstract and a keyword list
of the publications in WoS were conducted to reveal the general
themes or word groups on CF. The results are shown in Figure 7.

Figure 7
The Co-occurrence of the Words Associated with CF in the Articles
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As can be seen from Figure 7, the word “cognitive flexibility” in the
articles is mostly used with the words working-memory, performance,
children, cognitive flexibility, prefrontal cortex, attention, executive
function, individual differences, memory, deficits, brain, task, inhibition,
flexibility, behavior, depression, meta-analysis, cortex, decision-making,
impairment, dysfunction, schizophrenia, adolescents, response-
inhibition, disorder, childhood, cognitive control, reliability,and age. The
popularity or trend of these words by year is shown in Figure 8.

Figure 8
The Trend of the Words Used within the Articles about CF
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IN 1995-2005, the words closed-head-injury, neuropsychological deficits,
infantile-autism, patient, Alzheimer, employment, schizophrenic-
patients, withdrawal, damage, pet, methylphenidate, frontal-lobe
damage, test-performance were trendy. In publications between 2006
and 2015, the word trend is medication, memory impairment,
excitotoxic lesions, alcohol, perseveration, frontal-lobe, lesions, rhesus-
monkeys, beta-adrenergic modulation, dissociation, visual-
discrimination, categorization, abnormalities, activation, cognitive
inflexibility, dysfunction, deficits, memory, recognition, schizophrenia,
attention, prefrontal cortex, task, performance, working-memory,
version, brain, executive function, cognitive flexibility, and children.
Word trends in the articles on CF in 2016-2023 are thinking, individual
differences, post-traumatic stress disorder (ptsd), validity, reliability,
meta-analysis, interventions, unity, diversity, and theta. The use of
words as a network and word proximity is shown in Figure 9.
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Figure 9
Word Network in the Articles about CF

Figure 9 indicates that the CF takes a central position. The words
flexibility, prefrontal cortex, brain, working memory, task, cognitive,
memory, decision-making, cortex, activation, response-inhibition,
executive function, interference, cognitive control, and schizophrenia
formed the first group in the word network. The words behavior,
performance, deficits, dysfunction, disorder, meta-analysis, depression,
impairment, adolescents, model, stress, symptoms, scale, reliability,
validity, and impact formed the second group in the word network.
Executive function, children, individual differences, childhood, age,
mind, intelligence, inhibitory control, young children, language, self-
regulation, ability, and skills formed the third group. The last word
group, which is placed in the outer periphery, includes the words
medial prefrontal cortex, behavioral flexibility, neurons, rats, expression,
receptors, mice, hippocampus, long-term potentiation, and
dorsomedial striatum.

Discussion, Conclusion, and Suggestions

This study aims to examine the current state and development of
research on cognitive flexibility (CF) based on the data available in the
Web of Science (W0S). The results indicate that CF research is still an
emergent field of study when the article publication trend by year is
considered, especially in 2022. As the interest in CF continues to grow,
we can expect an influx of innovative studies and novel insights in the
coming years, shaping the trajectory of this field. We contend that the
CF intersects with a diverse range of disciplines, including psychology,
neuroscience, education, and more. This interdisciplinary nature may
have contributed to the development of CF research as scholars from
various fields began to appreciate its significance.
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In addition, it can be concluded from analysis of the co-occurrence of
the words associated with CF in the articles that the researchers in this
field have investigated a wide range of topics. These topics are mainly
related to the cognitive and behavioral aspects of CF. When the wide
range of words and categories that studies focus on are considered
together, this broad spectrum of words and categories reflects the
multidisciplinary nature of CF studies, pointing to its potential for
continued expansion. The depth and breadth of these explorations
affirm that the field of CF research is poised to remain a dynamic and
ever-evolving field of study, where interdisciplinary collaboration and
novel perspectives will further enrich our understanding of CF.

The results also indicate that research about CF is limited to those
journals that mostly publish articles about neuroscience, psychiatry,
and psychology. This concentration emphasizes the interdisciplinary
nature of CF, where its significance is underscored concerning the
cognitive and mental health sciences. As research continues to
advance, these journals serve as crucial platforms for the dissemination
of valuable insights and findings in the field. In addition, it seems
reasonable to posit that the close affiliation of CF research with these
disciplines strengthens the connections between cognitive flexibility
and its cognitive and behavioral underpinnings, showcasing its
potential for application and integration within these fields.

Another finding was that the USA is the leading country in which CF
articles were most cited and has the highest production rates. This
finding underscores the substantial contribution of American
researchers to the advancement of CF research and highlights the
country's leadership in shaping the direction of CF studies. As the global
epicentre of scientific innovations, the United States is well-positioned
to drive further developments in CF research, fostering international
collaborations and the dissemination of knowledge to a global
audience. In our opinion, the United States's leadership in terms of CF
research is a reflection of its comprehensive and dynamic research
ecosystem, and its continued involvement in CF research will likely play
a vital role in the field's future development.

As no study can be without limitations, the findings of this bibliometric
study are limited in terms of scope since the current study only
considered the findings of research in the WoS database. In other
words, it does not include the findings of the literature by using
alternative databases such as Scopus, ERIC, Psylnfo, PubMed, etc.
Another limitation is that this study does not include other types of
publications such as books, book chapters, or conference proceedings.
Despite these limitations, it is believed that this study provides a
comprehensive review of the literature on CF and provides interesting
insights about the development of the field for future research. In
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conclusion, researchers and stakeholders in this field should remain
enthusiastic about the potential for future growth and the exciting
contributions that await in the ever-expanding domain of CF.
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