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ETiK BEYAN

Bu tez calismasiin tarafima ait oldugunu, tezin planlamasindan baslayarak
yazimina kadarki herhangi bir safhada etik dis1 sayilabilecek bir davranisgim
olmadigini, bu tezdeki tiim bilgileri akademik ve etik kurallar dahilinde elde ettigimi,
dogrudan elde edemedigim bilgi ve yorumlar1 edindigim kaynaklara atif yaptigimi ve
bu kaynaklar1 kaynak¢ada gosterdigimi ayrica bu tez calismasinda ve yazim
asamasinda patent ve telif haklarini ihlal edici bir davranis i¢cinde bulunmadigimi
beyan ederim.

Herhangi bir zamanda, calismamla ilgili yaptifim bu beyana aykir1 bir durumun
saptanmast durumunda, ortaya cikacak her tiirlii yasal sonucu ve sorumlulugu
kabullendigimi bildiririm.
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OZET

Epizodik gelecek diisiincesi, gelecekteki olaylarin zihinsel simiilasyonlarini ifade
etmektedir. Yapilan caligmalar calisan bellegin epizodik gelecek diisiincesine
katkilarin1 incelemis olsa da, calisan bellek bilesenlerinin rolii belirsiz kalmstir.
Ayrica, ilgili bilesenlerin epizodik bellek ve epizodik gelecek diisiincesinde farkl
roller oynayip oynamadig1 heniiz bilinmemektedir. Bu ¢aligmanin amaci, gorsel ve
sozel calisan bellek bilesenlerinin epizodik gelecek diisiincesine farkl sekilde katkida
bulunup bulunmadigin1 ve bu bilesenlerin katkilarinin zamansal yonler arasinda
farklilik gosterip gostermedigini ¢alisan bellek kapasitesini  kontrol ederek
arastirmaktir. Bu amagla, bir ikili gorev paradigmasi kullanilarak insanlardan es
zamanli bir sekilde gorsel ve sozel calisan bellek gorevleri yaparken ge¢misten ve
gelecekten belirgin  bir olay hatirlamalari/kurgulamalar: istenmistir.  Olaylarin
olusturulma stireleri (tepki siiresi) ve hatirlanan/kurgulanan olaylarin fenomenolojik
degerlendirmeleri analiz edilmistir. Tepki stiresi bulgulari, ¢alisan bellek bilesenlerinin
gelecekteki olaylar1 olusturma asamasinda farklilik gostermedigini, ancak geg¢mis
olaylar icin farklilik gdsterdigini ortaya koymustur. Buna gore gorsel calisan bellek
yukii gecmisten bir olay olusturma siiresini sozel ¢alisan bellek yiikiine kiyasla daha
yavaglatmaktadir. Bununla birlikte, fenomenoloji bulgular1 gelecegi kurgulamanin
sozel bilesene kiyasla gorsel bilesenle daha ¢ok iligkili oldugunu gostermektedir.
Bulgular gorsel calisan bellek yiikiiniin gelecek diisiincelerinin duygusal yogunlugunu
ve kisisel Onemini zayiflattigina isaret etmektedir. Genel olarak, elde ettigimiz
sonuglar gorsel calisan bellegin epizodik gelecek diisiincesi ve epizodik bellegi farkli
zamanlarda destekledigini gdstermistir. Buna gore, gorsel c¢alisan bellek bileseni
epizodik bellegin akla getirilme asamasina destek saglarken epizodik gelecek

diisiincelerinin detaylandirilma asamasina katki saglamaktadir.

Anahtar Soézciikler: calisan bellek bilesenleri, epizodik bellek, epizodik gelecek

diistincesi, ikili gérev paradigmasi, zihinsel zaman yolculugu
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ABSTRACT

Episodic future thinking refers to the mental simulations of future events. While
previous studies have examined the contribution of working memory on episodic
future thinking, the specific role of its components has remained unclear. Additionally,
whether these components play distinct roles in episodic memory and episodic future
thinking has yet to be clarified. The aim of this study was to investigate whether visual
and verbal working memory components contribute differently to episodic future
thinking and whether component utilization differs across temporal directions while
controlling the effects of working memory capacity. To this end, a dual-task paradigm
was employed in which participants were asked to remember past and imagine future
events, while simultaneously performing either visual or verbal 2-back tasks, in single
and dual-task conditions. The reaction times for event constructions and the
phenomenological ratings of these remembered/imagined events were analyzed. The
reaction time findings revealed that working memory components did not differ in
constructing future events, but they did differ for past events, with visual working
memory playing a more important role than verbal working memory. However, a
reversed pattern emerged in the emotional intensity and personal importance, with
imagined future events being more influenced by visual working memory load.
Overall, visual working memory supports the construction phase of episodic memory
while contributing to the elaboration phase of episodic future thinking. These findings
highlight the pivotal role of visual working memory in remembering the past and

imagining future events.

Key Words: dual-task paradigm, episodic future thinking, episodic memory, mental

time travel, working memory components
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Turkish Extended Summary (Tiirk¢e Genisletilmis Ozet)
GIRIS

1. Genel Bakis

Epizodik gelecek diislincesi, insanlarin gelecege yonelik zihinsel kurgular ve
simiilasyonlar olusturmasini saglayan bir yetidir (Atance ve O’Neill, 2001;
D’Argembeau vd., 2016; Schacter vd., 2017; Szpunar ve Radvansky, 2016). Bugiine
kadar yapilan ¢alismalar bu yetinin amag ve hedeflerin kurgulanmasi, planlanmasi ve
izlenmesinden (D’ Argembeau ve Demblon, 2012; Demblon ve D’ Argembeau, 2014),
saglikla ilgili karar verme siireglerine (Laywer ve Mahoney, 2018; Segovia vd., 2020;
Stein vd., 2018) ve 6z diizenlemeye (Salgado ve Berntsen, 2019) kadar bir¢ok bilissel,
davranigsal ve duygusal siiregte rol oynadigini gostermistir. Epizodik gelecek
diisiincesinin altinda yatan mekanizmalar1 anlamak i¢in semantik bilgilerin gelecek
hakkinda diisiinebilmeye katkisi, diisiincelerin duygusal degerligi, yapist ve
organizasyonu gibi gesitli faktorler incelenmistir (6rn., Schacter, Gaesser ve Addis,
2013; D’argembeau ve Van der Linden, 2004; Puig ve Szpunar, 2017; D’argembeau
ve Demblon, 2012). Ancak calisan bellegin gelecek diisiincesi lizerindeki roliinii
inceleyen caligmalar heniiz oldukc¢a sinirlidir. Calisan bellek en genel haliyle bilgiyi
depolamayi, kisa siireligine tutmayi, manipiile etmeyi ve geri ¢agirmayi saglayan
biligsel bir fonksiyondur. Calisan bellegin mekanizmasini agiklamak i¢in bir¢ok model
ortaya konmustur (6rn., Baddeley ve Hitch, 1974; Cowan, 1988; Oberauer, 2002).
Ornegin, galisan bellegi uzun siireli bellekte gdmiilii bilgilerin aktif hale getirilmis
kism1 olarak ele alan gdmiilii bellek modelleri (6rn., Awh ve Vogel, 2020; Cowan,
1988; Oberauer, 2002) agirlhikli olarak c¢aligan bellekle uzun siireli bellegin
etkilesimine odaklanirlar. Calisan bellegin ¢ok bilesenli modelleri ise 6zellikle son
yillarda bu biitiinciil bakis agisina yaklagsmis olmakla birlikte (Bkz. Baddeley, 2000),
bellegin tek parcali bir sistem olmadigini, farkl tiirdeki (6rn., gorsel ve sozel) bilgileri
isleyen, birbiriyle iliskili ama birbirinden bagimsiz bilesenlerden olustugunu ileri
stirerler (6rn., Baddeley ve Hitch, 1974; Baddeley, 2000). Buna gore, ¢alisan bellegin
bilesenlerinden biri olan fonolojik dongii (phonological loop), s6zel ve isitsel bilginin

zihinde tutulup manipiile edilebilmesini saglar. Gorsel-uzamsal karalama tahtasi
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(visuo-spatial sketchpad) ise en genel haliyle bir objenin renginin, seklinin, boyutunun
veya konumunun zihinde tutulup manipiile edilmesini saglar. Calisan bellegin diger
iki bileseni ise merkezi yiiriitiicii ve epizodik tampondur. Merkezi yiiriitiicii, dikkat
kaynagini yonlendirerek calisan bellek bilesenlerini koordine eder. Epizodik tampon
ise fonolojik dongii, gorsel-uzamsal karalama tahtasi ve uzun siireli bellekten gelen
bilgilerin toplanip birlestirildigi gecici bir depolama alani olarak diisiiniilir. Bu
modelin ¢ok bilesenli yapisi, aragtirmacilarin ¢esitli biligsel siireclerde (6rn., epizodik
bellek; Plancher, Gyselink ve Piolino, 2018; problem ¢dzme; Raghubar, Barnes ve
Hecht, 2010; anlama; Woolley, 2010) bu bilesenlerin roliinii incelemelerine olanak
tanir. Bu dogrultuda yapilan ¢aligsma, ¢alisan bellegin ¢ok bilesenli modeliyle uyumlu
olarak, calisan bellegin gorsel ve sozel bilesenleri ile epizodik gelecek diisiincesi
arasindaki baglantilara odaklanmaktadir. Dolayisiyla ¢alismanin amaglarindan biri,
calisan bellegin gorsel ve sozel bilesenlerinin epizodik gelecek diisiincesi iizerindeki
roliinii karsilastirmali olarak incelemektir. Literatiirde ne calisan bellegin gorsel
bileseninin gelecek diisiincesi lizerindeki roliine odaklanan ne de gorsel ve sozel
bilesenleri karsilasgtirmali olarak inceleyen bir calisma bulundugundan, yapilan
calisma bir ilk niteligindedir.

Epizodik gelecek diisiincesinin olusumuna iliskin 6n plandaki kuramsal yaklagim,
Schacter ve Addis’in (2007) yapilandirici epizodik simiilasyon hipotezidir. Bu
yaklasima gore, gelecekle ilgili kurgular epizodik bellekten gelen bilgilerin yeniden
yapilandirilmas:  sayesinde olusturulabilmektedir. Insanlarin gelecek kurgusu
olustururken ge¢misten gelen bilgileri kullandig1 ve bu bilgileri yeniden bir araya
getirerek zihinsel bir simiilasyon olusturdugu diistiniilmektedir (Schacter vd.,2017).
Insanlarin  gecmisi  hatirlarken ve gelecegi diisiiniirken olaylar1  nasil
deneyimlediklerine iliskin karsilastirmali calismalar da bu yaklasimi destekler
niteliktedir. Ornegin, amnezi hastalar1 sadece ge¢misi hatirlamakta degil, gelecege
yonelik simiilasyonlar olusturmakta da giicliik cekmektedirler (Cole vd., 2016). Ayrica
ileri yastaki katilimecilarin, geng¢ katilimeilara kiyasla hem ge¢mis hem de gelecek
diisiincelerinde olayin nerede, ne zaman oldugu/olacag: gibi epizodik detaylar1 daha
az trettikleri gozlemlenmektedir (Schacter vd., 2013). Ayrica pek cok calisma
epizodik bellegin ve gelecek diislincelerinin altinda yatan noral bolgelerde ortiismeler

oldugunu ortaya koymaktadir (Bertossi vd., 2016; Berryhill vd., 2007; Race vd., 2013;



Spreng vd., 2009; Szpunar vd., 2007). Epizodik bellek ve epizodik gelecek diisiincesi
arasinda davranigsal ve noral birtakim Ortiismelerin yani sira bazi ayrigimlar da
gozlemlenmektedir. Gelecek kurgusu olusturmanin gegmise dair bir an1 hatirlamaya
kiyasla daha ¢ok bilissel efor gerektirdigi belirtilmekte (Anderson vd., 2012; El Haj ve
Lenoble, 2018; Zavagnin vd., 2016; Rasmussen ve Berntsen, 2016) ve epizodik
bellekle epizodik gelecek diisiincesi arasinda bir¢gok ndral ayrisma oldugu One
stiriilmektedir (Addis, vd., 2007; Benoit ve Schacter, 2015; Bertossi vd., 2017; Coste
vd., 2015). Epizodik bellek iizerinde ¢alisan bellegin gorsel ve sozel bilesenlerinin
roliinii ayristirmay1 hedefleyen ¢alisma sayisi ise hentiz ¢ok kisithidir. Yakin tarihli bir
calismada hem gorsel hem sozel bilesenlerin epizodik bellek siireglerinde rolii oldugu
ancak bilesenleri epizodik bellek performansini farkli zamanlarda ve farkli sekillerde
etkiledigi gdzlemlenmistir. Ote yandan, epizodik bellegin, agirlikli olarak gorsel
imgelemlere dayandigi ve gecmis deneyimlerin temsil bi¢ciminin genellikle gorsel
oldugunu ileri siiren arastirmacilar da bulunmaktadir (Brewer, 1988; Conway, 2009;
Rubin, Schrauf ve Greenberg, 2003; Rubin, 2005; 2006). Bu arastirmacilarin ortaya
koydugu bulgular, epizodik bellek iizerinde ¢alisan bellegin gorsel bileseninin agirlikli
roliinii vurgular niteliktedir. Bu bakimdan gorsel ve sozel ¢alisan bellek bilesenlerinin
epizodik bellek lizerindeki roliiniin tekrarli bicimde incelenmesi faydali olacaktir. Bu
noktada tlizerinde durulmasi gereken onemli bir husus, epizodik bellegin bu farkh
caligmalarda nasil ele alindigidir. Ornegin, Plancher vd.’nin (2018) deneyindeki
episodik bellek gorevinde katilimcilardan sanal bir sehir turu yaparken ¢evrelerinde
gordiikleri nesnelerle ilgili bilgileri daha sonra hatirlamak tizere akillarinda tutmalar
istenmistir. Rubin ve meslektaslarinin ¢alismalarinda (2003) ise insanlardan ge¢miste
gerceklesmis bir olay1 hatirlamalari istenir. Bu ¢aligmada katilimcilardan hem gegmise
hem de gelecege yonelik bir olay1 zihinlerinde canlandirmalar istenmistir. Dolayisiyla
bu calismada epizodik bellek olaysal bir bellek tiirii olarak ele alinmaktadir. Bu bilgiler
15181nda, bu ¢alismanin ikinci amaci, ¢alisan bellegin gorsel ve sozel bilesenlerinin
epizodik gelecek diisiincesi iizerindeki roliinii epizodik bellekteki roliiyle
karsilastirmali olarak incelemektir. Bu sayede hem epizodik gelecek diislincesi ve
epizodik bellek arasindaki baglantilar ilk kez ¢alisan bellek bilesenleri baglaminda
incelenecek hem de epizodik bellekte gorsel ve sdzel bilesenlerin roliine iliskin 6nceki

bulgularin farkli bir yontemle tekrar ele alinmas1 miimkiin olacaktir.



1.1. Epizodik Gelecek Diisiincesi Uzerinde Cahsan Bellegin Rolii

Epizodik gelecek diisiincesinin epizodik bellekte depolanan detaylarin bir araya
getirilip yeniden yapilandirilmasiyla olustugu diisiiniilmekte ve bu siirecte bilginin
kisa siireligine zihinde tutulup manipiile edilmesi, yeniden diizenlenmesi
gerekebilmektedir (Breeden ve ark. 2016). Gelecege yonelik zihinsel canlandirmalarin
olusturulmasi icin bilginin bu sekilde tutulup islenmesini saglayabilecek yapinin
calisan bellek olabilecegi goriisii son 15 yilda yaygin bicimde destek bulmaktadir
(Bahri ve Bahri, 2018; Ferretti vd., 2017; Hill ve Emery, 2013; Hill, 2017; Siddique
vd., 2015; Suddendorf ve Corballis, 2007). Ornegin, Hill ve Emery (2013) tarafindan
yapilan c¢alismada katilimcilardan ¢alisan bellek goérevlerinin yani sira gegmislerine
iliskin bir an1 hatirlamalar1 ve gelecege iliskin bir olay1 zihinlerinde canlandirmalari
istenmistir. Sonug¢ olarak, calisan bellek kapasitesinin gelecege yonelik spesifik
canlandirmalar1 yordadigi gozlemlenmistir (Hill ve Emery, 2013). Depresyon,
anksiyete ve stres problemi olan ergenlerin olmayanlara kiyasla gosterdikleri zayif
gelecek diisiincesi performansini da yine calisan bellegin yordadigi gosterilmistir
(Bahri ve Bahri, 2018). Bunlara ek olarak epizodik gelecek diistincesindeki yasa bagl
farkliliklarda da calisan bellegin rol oynayabilecegi diisiiniilmektedir. ileri yastaki
insanlarin geng insanlara kiyasla gelecege yonelik simiilasyonlar olusturmakta ve bu
olaylarla ilgili detaylar1 liretmekte zorlandiklar1 tutarli bigimde ortaya koyulan bir
bulgudur (Addis vd., 2008, Addis vd., 2010, Gaesser vd., 2011). Geng ve ileri yas
katilimcilar arasindaki bu farkliliklara getirilen aciklamalardan biri, yaslanmayla
beraber zayiflayan calisan bellek performansidir (Zavagnin vd., 2016). Ornegin
Zavagnin ve arkadaglar1 (2016) ileri yastaki katilimcilarin epizodik gelecek diisiincesi
gorevlerinde daha az detay iiretmesinin bir sebebi olarak zayif c¢alisan bellek ve
ketleme performansini gostermektedir. Bir diger ¢alismada, ileri yastaki insanlarin
uirettikleri epizodik detaylar ve ¢alisan bellegin merkezi yonetici bileseni arasinda bir
korelasyon oldugu ortaya koyulmustur (Cole vd., 2013). Bulgular bir biitiin halinde
degerlendirildiginde, ¢alisan bellegin epizodik gelecek diisiincesini destekleyen bir
biligsel siirec olabilecegi diisiiniilmektedir. Bununla birlikte, bugiine kadar s6z konusu
baglantiy1 inceleyen calismalarin biiylik ¢ogunlugunda calisan bellegin bir biitiin
olarak ele alindig1, ¢calisan bellegin bilesenleri (6rn., merkezi yiiriitiicli ya da epizodik

tampon) diizeyinde ayrima giden birkag calisma oldugu goriilmektedir (Siddique vd.,
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2015; Ferretti vd., 2017). Mevcut calismalar, ¢alisan bellegin sdzel bileseninin 6-11
yas arasindaki ¢ocuklarda gelecegi kurgulamayi1 destekleyebilecegini (Ferretti vd.,
2017), epizodik tampon bileseninin ise hem ge¢misi hem de gelecegi diistinmeye katki
saglayabilecegini gostermistir (Siddique vd., 2015). Buna ragmen séz konusu
baglantiy1 inceleyen calismalarda calisan bellegin bilesenleri heniiz karsilastirmali
olarak incelenmemistir. Dolayisiyla giiniimiizde calisan bellegin hangi bileseninin
epizodik gelecek diisiincesini nasil destekledigi sorusu belirsizligini korumaktadir.
Yapilan calismanin altinda yatan motivasyonlardan biri, literatiirdeki bu boslugu
doldurmak, 6zellikle ¢alisan bellegin gorsel ve sozel bilesenlerinin gelecek hakkinda
diistinebilme tizerindeki roliinii anlamaktir.
1.2. Epizodik Gelecek Diisiincesi Uzerinde Cahsan Bellek Bilesenlerinin Rolii
Calisan bellegin epizodik gelecek diisiincesi lizerindeki roliinii inceleyen
calismalarin bir kismi ¢alisan bellek performansini bir biitiin olarak ele alirken, bir
diger kismi da merkezi yiiriitiicii, epizodik tampon ve fonolojik dongii bilesenlerine
odaklanmistir. Merkezi yiiriitiiciiye odaklanan ¢alismalarin temel ¢ikis noktasinin
epizodik gelecek diisiincesi gorevlerinde gbzlemlenen yasa bagl farkliliklar oldugu
sOylenebilir. Tipik olarak, genc¢ katilimcilara kiyasla ileri yastaki katilimcilarin
gelecege yonelik imgelemler olusturmakta ve olaylara iliskin detaylar iiretmekte
zorlandiklar1 goriilmektedir (Addis vd., 2008; Addis vd., 2010). Epizodik gelecek
diistincesindeki yasa baglh bu farkliliklarin yaslanmayla birlikte zayiflayan merkezi
yiiriitiicliyle ilgili islevlere bagl olabilecegi diisiiniilmektedir (6rn. Gaesser vd., 2011;
Zavagnin vd., 2016). Ornegin, Zavagnin ve meslektaslar1 (2016) ileri yastaki
katilimcilarin gelecek diisiincelerinde detay liretmekte zorlanmasinin ¢aligsan bellek ve
ozellikle de ketleme performansiyla iliskili oldugunu bulmuslardir. Bu bulgu, merkezi
yoneticideki bireysel farkliliklarin epizodik gelecek diisiincesini yordadigini gosteren
diger caligmalarla da uyumludur (6rn. D’Argembeau vd., 2010). Epizodik tampon
bilesenine odaklanan arastirmacilarin ¢ikis noktast ise yapilandirici epizodik
simiilasyon hipotezidir. Yapilandirici epizodik simiilasyon hipotezi, gelecekte
gerceklesme olasiligl olan hipotetik olaylarin kurgusunun epizodik bellekten gelen
bilgiler sayesinde gerceklestigini one siirmektedir (Schacter ve Addis, 2007). Epizodik
tampon bileseni de epizodik bellekten gelen cesitli bilgileri ¢alisan bellek sistemine

dahil ettigi icin (Baddeley, 2000), epizodik gelecek diisiincesi ve calisan bellek
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baglantisinda epizodik tamponun rolii lizerinde durulmustur (Schacter ve Addis,
2007). Ornegin, Siddique ve arkadaslar1 (2015) ikili gorev prosediirii kullanarak bir
epizodik tampon goreviyle es zamanl sekilde katilimcilardan gelecegi ve gegmisi
diistinmelerini istemislerdir. Calismanin bulgulari, epizodik tampon bileseninin hem
epizodik bellege hem de epizodik gelecek diisiincesine katki sagladigini gostermistir.

Epizodik gelecek diisiincesinin altinda yatan biligsel faktorlere yonelik bir diger
calisma ise 6 ile 11 yas arasindaki ¢ocuklarin sozel ¢alisan bellek performanslariyla
gelecegi kurgulama performanslar1 arasindaki iliskiye odaklanmistir (Ferretti vd.,
2017). Calismada c¢ocuklarin sozel calisan bellek performansi arttikca epizodik
gelecek diisiincesi performansinin da arttigi gézlemlenmistir. Bu ¢alismada ii¢ ayri
gorevle (ileri dogru sayr dizisi, geriye dogru say1 dizisi, anlamsiz sdzciik tekrari)
Olciilen sozel c¢alisan bellek puanlarmin  gelecek  diisiincesi  kurgulama
performansindaki varyansin sadece %9.6’sin1 agiklamasi ve sozel calisan bellek
gorevlerinden birinin (anlamsiz sozciik tekrar1) gelecek disiincesi performansini
yordamas1 dikkat ¢ekicidir. Cocuklarda gorsel calisan bellek performansinin da yasla
birlikte arttigin1 gosteren cesitli calismalar hesaba katildiginda (6rn. Burnett vd., 2012;
Gathercole vd., 2004; Perlman vd., 2016; Simmering, 2012), sadece sozel ¢alisan
bellek gelisiminin degil, gorsel c¢alisan bellek gelisiminin de epizodik gelecek
diisiincesi gelisimi lizerinde etkileri olabilecegi diisiiniilebilir. Bulgular bir biitiin
olarak degerlendirildiginde, calisan bellegin epizodik gelecek diisiincesi iizerindeki
roliinii daha i1yi anlamak i¢in farkli bilesenlerin karsilastirmali olarak ele alinmasi,
ozellikle de bugiine kadar hesaba katilmamis olan gorsel c¢alisan bellegin gelecek
diisiincesi tizerindeki roliiniin incelenmesi gerekliligi ortaya ¢ikmaktadir.
1.3. Epizodik Gelecek Diisiincesi, Epizodik Bellek ve Gorsel Bilesenin Potansiyel
Rolii

Epizodik gelecek diisiincesini anlamaya yonelik arastirmalarda heniliz ¢alisan
bellegin gorsel bileseni lizerinde durulmamas: literatiirdeki 6nemli bir bosluga isaret
etmektedir. Halbuki epizodik gelecek diisiincesinin temelini olusturdugu diisiiniilen
epizodik bellegin agirlikli olarak gorsel imgelemlere dayandigi ve ge¢mis
deneyimlerin temsil bigiminin genellikle gorsel oldugu ileri siiriilmektedir (Brewer,
1988; Conway, 2009; Rubin, Schrauf ve Greenberg, 2003; Rubin, 2005; 2006).

Ornegin, Rubin ve meslektaslar1 (2003) bir anidaki gorsel imgelemler ne kadar
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canliysa, gecmisteki belirli bir ana geri donerek o ani tekrar yasama hissini igeren
epizodik hatirlamanin da o kadar gii¢lii oldugunu gozlemlemislerdir. Bu iligkisel
bulguyu deneysel yontemle test ettikleri bir diger calismada ise bir grup katilimci
gozleri bagh, diger grup ise gozleri acik olarak laboratuvar ortaminda bir olay (6rn.,
bir tatil planlama siireci) deneyimlemiglerdir. Bir hafta sonra her iki grup da
laboratuvara tekrar davet edilmis ve ilk asamadaki deneyimi hatirlamalar1 istenmistir.
Ardindan bu deneyimle ilgili epizodik hatirlama derecelerini puanlamiglardir. Sonug
olarak, gozleri agik katilimcilara kiyasla gozleri bagh katilimcilarin hatirlama ani igin
daha diisiik puanlar verdikleri bulunmustur. Bu bulgu, deneyimdeki gorsel bilgi
kaldirildiginda epizodik hatirlama hissinin de azaldigi seklinde yorumlanmaktadir
(Rubin, Burt ve Fifield, 2003). Gorsel imgelemlerin epizodik bellek iizerindeki roliine
isaret eden noropsikolojik kanitlar da bulunmaktadir. Bu ¢aligmalarda gorsel
imgelemler olusturma becerisini bozan bir beyin hasarinin genel bir epizodik bellek
bozulmasina yol acgabildigi gosterilmektedir (Conway, 1996; 2005; Rubin ve
Greenberg, 1998). Ornegin, Rubin ve Greenberg (1998) gorsel amnezi hastalarinin
gbrsel amneziden Onceki anilarini hatirlayamadiklarini, gorsel amneziden sonraki
anilarim1 ufak tefek bozulmalarla hatirlayabildiklerini gézlemlemiglerdir. Hastalar,
gorsel amneziden once gorsel bilgiler esliginde kodladiklar1 anilar1 amneziden sonra
hatirlamaya c¢alistiklarinda artik aniyla ilgili gorsel imgelemler olusturamayabilirler.
Gorsel imgelemler olusturamamak aniya da erisememekle sonuglaniyor olabilir. Ikili-
gorev paradigmasi kullanarak yapilan daha giincel bir calisma da gorsel imgelemin
epizodik bellekteki 6nemini gostermistir (Gatti vd., 2022). Bu ¢alismada katilimcilar
3 farkl kosulda (biligsel yiik yokken, gorsel olmayan bilissel yiik varken, gorsel
biligsel yiik varken) otobiyografik bellek gorevi gergeklestirmislerdir. Aninin akla
gelme siiresinin (tepki siiresi) bagimli degisken olarak ele alindig1 bu ¢alismada gorsel
olmayan biligsel yiik bir etki gostermezken gorsel biligsel yiik akla bir an1 getirmeyi
zorlastirmistir. Epizodik bellek {izerinde ¢alisan bellegin gorsel ve sozel bilesenlerinin
roliinii ayrigtirmay1 hedefleyen bir baska calismada ise gorsel ve calisan bellek
gorevlerinin episodik bellek performansimi farkli zamanlarda ve farkli sekillerde
etkiledigi ortaya konmustur (Plancher vd., 2018). Bu ¢alismada katilimcilardan sanal
bir sehir turu yaparken ¢evrelerinde gordiikleri nesneleri akilda tutmalar1 ve ayni1 anda

ya s0zel ya da gorsel bir ¢caligan bellek gorevi tamamlamalari istenmistir. Sonug olarak,
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es zamanli bir sozel calisan bellek goérevinin epizodik bellekte sadece nesnelerin
kodlanmasint zorlagtirdigi, gorsel calisan bellek goérevinin ise hem zamansal
kodlamaya hem de baglamin kurulmasina miidahale ettigi bulunmustur.

Bugiine kadar gorsel calisan bellegin epizodik gelecek diisiincesindeki roliinii
dogrudan inceleyen bir calisma olmasa da beyindeki gorsel agin (visual network)
epizodik gelecek diisiincesiyle biiyiik dlgiide iliskili oldugu, hatta gorsel sistemin
epizodik gelecek diisiincesinin noral altyapisini olusturuyor olabilecegi yoOniinde
gortsler ileri siiriilmektedir (Hu vd., 2023). Gorsel ve uzamsal imgelemle gelecek
diistincesi arasindaki iligkileri gosteren ¢aligmalar da gorsel bilginin gelecege yonelik
canlandirmalarda 6nemli rol oynadig: goriisiinii destekler niteliktedir (Aydin, 2018; de
Vito vd., 2015). Bulgular bir biitiin olarak, epizodik gelecek diisiincesinin altinda yatan
biligsel mekanizmada gorsel calisan bellegin  6nemli rolii olabilecegini
distindiirmektedir.

1.4. Cahismanin amaci ve hipotezler

Bu ¢alismanin ilk amaci, epizodik gelecek diisiincesi lizerinde sdzel ve gorsel ¢alisan
bellegin olasi etkilerini gruplar arasi karsilastirmali olarak incelemektir. Bu amagla,
gorsel veya sozel galisan bellek gruplarina atanan katilimcilarin bu gorevlerle es
zamanl bir sekilde epizodik gelecek diisiincesi gorevi gerceklestirecekleri bir ikili
gorev prosediiri  kullanilmistir. Calismanin ikinci amaci ise c¢alisan bellek
bilesenlerinin epizodik gelecek diisiincesi ve epizodik bellegi ayr1 ayri nasil
destekledigini grup i¢i karsilagtirma yoluyla saptamaktir. Bu amaclar dogrultusunda,
caligmada ikili gorev paradigmas: kullanilarak gorsel ve sozel calisan bellek
bilesenlerinin epizodik gelecek diisiincesi ve epizodik bellekle olan baglantisi
karsilastirmali olarak incelenmistir. Epizodik gelecek diisiincesi ve epizodik bellek
gorevleri birincil gorev olarak, gorsel ve sdzel ¢alisan bellek gorevleri ise ikincil gorev
olarak diisliniilmiistiir. Katilimcilarin yaris1 gorsel calisan bellek gorevi, diger yarisi
ise sozel calisan bellek gorevi yiirtitmiistiir. Tim katilimcilar ayrica bir epizodik
gelecek diisiincesi ve epizodik bellek gorevi yiiriitmislerdir (tekli gorev). Calismanin
ikili gérev asamasinda, tiim katilimcilar ¢alisan bellek gorevlerini yiiriitiirken ayni
anda epizodik gelecek diisiincesi ve epizodik bellek gorevleri de siirdiirmiislerdir.
Calismanin sonunda gorsel ve sozel calisan bellek gorevleriyle es zamanli yliriitiilen

epizodik gelecek diisiincesi ve epizodik bellek gorevlerinde diisiincelerin akla geldigi
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anda verilen tepki siiresi ve bu diislincelerin fenomenolojik 6zellikleri (6rn.,
diisiincenin ne kadar canli, detayli ya da ne kadar olumlu/olumsuz duygu
deneyimlendigi) hem gruplar arasinda hem de grup i¢inde degerlendirilmistir. Ikili
gorev paradigmasinda iki gorev ayni bilgi isleme kaynagini kullaniyorsa bu gorevlerde
performansin diismesi, farkli kaynaklar kullaniyorlarsa performansin iki goérevde de
aym kalmasi beklenir. Ornegin epizodik gelecek diisiincesinin altinda yatan
mekanizma tizerinde gorsel calisan bellek sozel calisan bellekten daha etkiliyse, ikili
gorevdeki sozel calisan bellek kosuluna kiyasla gorsel calisan bellek kosulunda (a)
gelecek diislincesi tepki siiresinin daha uzun/yavas, (b) gelecek diisiincesinin
ozelliklerine yonelik fenomenolojik degerlendirmelerin daha diistik/zayif olmasi
beklenir. Tekli gorev kosulunda gruplar arasinda boyle bir fark beklenmemektedir.
Benzer sekilde, eger gorsel ¢alisan bellek epizodik bellege kiyasla epizodik gelecek
diisiincesinde daha etkili ise (c) gorsel calisan bellek kosulunda epizodik gelecek
diistincesindeki tepki siiresinin epizodik bellekteki tepki siiresine kiyasla daha
uzun/yavas, (d) gelecek diislincesinin oOzelliklerine yonelik fenomenolojik

degerlendirmelerin epizodik bellege kiyasla daha diisiik/zayif olmasi1 beklenir.

Bu dogrultuda test edilecek en temel iki hipotez su sekildedir;

HI1: Epizodik gelecek diisiincesi ve gorsel calisan bellek goérevlerinin es zamanh
yapilmasi, sozel ¢alisan bellek gorevi yapmaya kiyasla, calisan bellek kapasitesi
kontrol edildikten sonra, daha yiiksek tepki siiresiyle (Hla) ve daha zayif

fenomenolojik degerlendirmelerle (H1b) sonuglanacaktir.

H2: Epizodik gelecek diisiincesi ile es zamanl1 gorsel ¢alisan bellek gérevi yapmalk,
epizodik bellege kiyasla, calisan bellek kapasitesi kontrol edildikten sonra, daha
yiiksek tepki siiresiyle (H2a) ve daha zayif fenomenolojik degerlendirmelerle (H2b)

sonuclanacaktir.
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2. Yontem

Calismada calisan bellek bilesenlerinin epizodik gelecek diisiincesi ve epizodik
bellegi nasil destekledigi 2 (calisan bellek bileseni: gorsel ve sézel) gruplar arasi x 2
(temporal yon: epizodik gelecek diisiincesi, epizodik bellek) grup i¢i x 2 (gorev tiirii:
tekli gorev, ikili gorev) grup i¢i degiskenli karma desen kullanilarak saptanmaya
calisilmigtir. Bu dogrultuda gorsel ve sozel seklinde iki grup olusturulmustur. Bu
gruplara rastgele atanan her katilimc1 epizodik gelecek diisiincesi ve epizodik bellek
gorevleriyle es zamanl bir sekilde gorsel ya da sozel ¢alisan bellek gorevi yliriitmiistiir
(ikili gorev). Gorevler es zamanl gerceklestirilmeden once her bir gorev (calisan
bellek, epizodik gelecek diisiincesi ve epizodik bellek gorevleri) tek basina
gerceklestirilmistir (tekli gérev). Ayrica calismada merkezi yiiriitiicii ve ¢alisan bellek
kapasitesindeki bireysel farkliliklarin kontrol edilebilmesi igin islem Uzami Gorevi
performans dlgiilmiistiir. Islem uzami1 puan1 ortak degisken (covariate) olarak analize

dahil edilmistir.

Bagimsiz degiskenler: 2 (calisan bellek bileseni: gorsel ve sozel) x 2 (temporal yon:

epizodik gelecek diisiincesi, epizodik bellek) x 2 (gorev tiirii: tekli gorev, ikili gorev)

Bagimh degiskenler: tepki siiresi (ms), fenomenoloji sorularina verilen cevaplar (1-7

likert)

2.1. Katihmcilar

Calismaya Istanbul Medipol Universitesi'nden anadili Tiirk¢e olan ve normal veya
diizeltilmis normal gdrme yetisine sahip 193 lisans 6grencisi (171 kadin, 21 erkek, 1
belirtilmemis; Ort = 21.4 yas, SS = 2.09, ranj 18-29) ders kredisi karsiliginda
katilmistir. Katilimcilarin yaklasik %68'1 6 saatten fazla uyuduklarini ve %71'i
calismaya katilmadan onceki son Ogiinlerini 4 saat i¢inde yediklerini bildirmistir.
Katilimeilarin %90,7'si sag elini, %7,3" sol elini, %2,1'1 ise iki elini kullanmaktadir.
Dort katilimer islem siiresi gorevini tamamlayamamis ve analizden ¢ikarilmistir. Tepki
siiresi analizleri i¢in, katilimcilarin bosluk tusuna bastiktan sonra bir olay1 rapor
edemedigi (38 vaka) ve diigmeye basmadan once olay1 rapor ettigi (8 vaka) denemeler

analizden ¢ikarilmistir. Buna ek olarak, tepki siiresi analizi i¢in aykir1 degerler
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analizden ¢ikarilmistir (15 vaka). Fenomenoloji analizleri iginse bir olay bildirmeyen
toplam 38 katilimcinin yanitlart hari¢ tutulmustur.

2.2. Olciim Araclan

2.2.1. 2-Geri gorevi. Calisan bellegin sozel ve gorsel bilesenlerinin epizodik gelecek
diisiincesine katkilarini incelemek icin 2-geri gorevi kullanilmistir. Kirchner (1958)
tarafindan tasarlanan n-geri paradigmasi genellikle calisan bellegin kapasitesini
degerlendirmek i¢in kullanilmaktadir. Bu paradigmanin hem s6zel versiyonu hem de
gorsel versiyonu bulunmaktadir (Jaeggi vd., 2010). Bu ¢alismada kullanilan s6zel ve
gorsel 2-geri gorevleri Jaeggi ve meslektaslarinin (2010) calismasindaki gorevlerden
uyarlanmigtir. 2-geri paradigmasmin sézel versiyonunda katilimcrya kulaklikla
birtakim harfler okunmakta, gorsel versiyonunda ise katilimcilara bilgisayar ekraninda
farkl1 konumlarda beliren kareler gosterilmektedir (Jaeggi vd., 2010, Ozbozdagl vd.,
2018). Katilimcinin yapmasi gereken, 2 basamak dncesindeki sekil ya da harfin o an
sunulan sekil ya da harfle ayn1 olup olmadigimma hizli ve dogru bir sekilde karar
vermektir. Ornek vermek gerekirse, katilimeilardan her bir harfi duyduktan ya da her
bir sekli gordiikten sonra o anda ekranda bulunan harf ya da seklin iki adim 6nce
gosterilen uyaranla ayni olup olmadigina klavyedeki “H” tusuna basarak karar
vermeleri beklenmektedir. Ornegin katilime1 PK F K C R Z N Z Y'Y harf dizisini birer
birer duyarken kalin yazi tipiyle yazilmis harfleri duydugunda “H” tusuna basmasi
gerekmekte, diger harflerde ise herhangi bir tusa basmasi gerekmemektedir. Aynm
sekilde, o an gosterilen seklin konumuyla 2 adim 6nce gosterilen seklin konumu ayni
ise “H” tusuna basilmast gerekmekte, degil ise herhangi bir tusa basilmasi
gerekmemektedir. Deney siiresince her bir harf ya da sekil 500 ms (milisaniye)
sunulmakta ve 2500 ms’lik bir aranin ardindan diger harf ya da sekil sunulmaktadir.
Dolayistyla katilimeinin “H” tusuna basabilmesi i¢in her bir denemede azami 3000 ms
vakti vardir.

2.2.2. Epizodik Gelecek Diisiincesi Gorevi.

Epizodik gelecek diislincesi gorevi onceki calismalardan esinlenerek tasarlanmis
(6rn. D’ Argembeau ve Mathy, 2011; D’ Argembeau ve van der Linden, 2006) ve ikili
gorev paradigmasina uyarlanmistir. Bu gorevde katilimcilara baglangi¢ noktasi sunma
amaciyla bir ipucu sozciik gosterilmekte ve sunulan ipucu sozciiklerle ilgili ya da

ilgisiz gelecege yonelik bir olay diisiinmeleri istenmektedir. Katilimer ipucu sézciigii
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gordiikten sonra aklina bir olay gelir gelmez “BOSLUK” tusuna basip aklina gelen
olay1 ¢ok kisa bir sekilde, 2-3 sozciikle sesli bir sekilde ifade etmektedir. Bu sayede
katilimcinin gergekten aklina bir olay gelip gelmedigi saptanmakta ve tepki siiresi (ms)
Olclimii alinmaktadir. Katilimc1 daha sonrasinda aklina gelen bu olayr 30 saniye
boyunca sessiz bir sekilde zihninde canlandirmaya calismali ve siire bittikten sonra
karsisina gelen fenomenolojik Ol¢clim sorularini yanitlamalidir (Addis vd., 2007,
Janssen vd., 2021). Ipucu sozciigii gordiikten sonra 15 saniye igcinde “BOSLUK”
tusuna basmayan katilimcilar gelecek diisiincesi olusturamamis kabul edilmekte ve
denemenin geriye kalan asamalar1 atlanmaktadir. Bu siire, pilot ¢aligma sonucunda
belirlenmistir. Pilot ¢alismadaki 8 katilimciya epizodik gelecek diisiincesi yonergeleri
verilerek ipucu sozciikler gosterilmistir. Gelecek kurgusu olusturma stireleri dlgiilerek
ortalama alinmis ve sonug¢ yukar1 yuvarlanmaistir.

Yonergelerde, bu olaylarin 6nceden planlanmis ya da hayal iirlinii olabilecegi; dnemli
olanin, olaylarin gelecekte gergekten gerceklesebilecek makul olaylar olmasi gerektigi
belirtilmektedir. Ayrica bu olaylarin belirli bir yer ve zamanda gegen belirgin (spesifik)
bir olay olmasi gerektigi de vurgulanmaktadir (6rn. gelecek diistincesi belirli bir yer
ve zamanda gergeklesmelidir, dolayisiyla 1 dakika ile birka¢ saat arasinda siirebilir
ancak 1 tam giinli gegmemelidir). Gelecek diistincelerinin olusumunu kolaylastirmak
i¢cin imgelenebilirlik (Min. = 6.44, Maks. = 6.87, Ort. = 6.64; S§ = 0.15) ve somutluk
(Min. = 6.64, Maks. = 6.96, Ort. = 6.85, S§ = 0.10) degerleri birbirine yakin olan 12
somut ve notr sdzciik belirlenmistir. Bu somut ve notr sozciikler 800 sozclikten olusan
bir havuz i¢inden se¢ilmistir (Kurdoglu Ersoy ve Tekcan, 2018). Pratik asamasinda
kullanilan sozciikler deney asamasinda kullanilmamustir.

Ipucu sdzciiklerin ikili gérev esnasinda her iki grupta da ayni bigim ve zamanlamayla
sunulabilmesi i¢in uyaranlar arasi siire i¢inde ekranin ortasinda yazili olarak
gosterilmistir. Ipucu sdzciik bilgisayar ekraninin ortasinda 1000 ms boyunca
gortinmektedir (Gatti vd., 2022). Bu sozciik siyah arkaplan {izerinde beyaz Arial 40
yaz1 karakteriyle gosterilmektedir. Ipucu sozciik gdsteriminin ardindan katilimcinin
aklina bir olay geldigi an “BOSLUK” tusuna basmasi beklenmektedir. Ipucu sdzciigiin
gosterildigi an ve “BOSLUK” tusuna basilmasi arasinda gecen siire tepki siiresi (ms)
olarak kaydedilmektedir. Tepki siiresi Olglimiiniin hemen ardindan katilimcinin

karsisina 5 saniye siiren beyaz bir ekran ¢ikmaktadir. Bu beyaz ekran katilimcinin
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aklina gelen olay1 ¢ok kisaca, 2-3 sozciik kullanarak kisa bir sekilde sesli olarak
Ozetleyecegi yerdir. Bu asamada katilimcinin verdigi cevap bilgisayar tarafindan
mikrofon araciligiyla kaydedilmektedir. Eger katilimc1 aklina gelen olay1 sozel bir
sekilde raporlayamazsa gelecek dislincesi olusturamamis kabul edilmekte ve
kaydedilen ol¢iimler veri setine kayip veri olarak kodlanmaktadir. Bu yolla
katilimcilarin epizodik bellek ve gelecek gorevlerini ger¢ekten yaptigina dair somut
bir Olgiit olusturulmustur.
2.2.3. Epizodik Bellek Gorevi

Epizodik bellek gorevi dnceki ¢aligmalardan esinlenerek tasarlanmis (6rn. Addis vd.,
2007; D’Argembeau ve van der Linden, 2006) ve ikili gorev paradigmasina
uyarlanmigtir. Bu gorevin prosediirii verilen yonergeler hari¢ epizodik gelecek
diisiincesi goreviyle birebir aynidir. Bu gérevde katilimcinin sunulan ipucu kelimeyle
ilgili ya da ilgisiz ge¢misten bir ani1 ¢agirmalart istenmektedir. Katilimcilardan
epizodik gelecek diisiincesi gorevinde oldugu gibi belirgin bir olay hatirlamalart ve
hatirladiklar1 olayin belirli bir yer ve zamanda, 1 dakika ile birka¢ saat arasinda
stirebilecegi ancak 1 tam giinii gegmemesi gerektigi belirtilmektedir.
2.2.4. Fenomenolojik Karakteristiklerin Olciimii

Katilimcilardan 30 saniye boyunca zihinlerinde sessiz bir sekilde detaylandirdiklari
olaylarin canliligi, gorsel, uzamsal ve isitsel detaylari, duygusal degerligi gibi
Ozelliklerine yonelik sunulan 13 soruyu yanitlamalar1 istenecektir (bkz. EK-4). Bu
sorular literatiirde siklikla kullanilan ve zihinsel zaman yolculugunun fenomenolojik
ozelliklerini 6l¢gmeyi hedefleyen sorulardir (D’Argembeau ve Linden, 2006; Akdere
ve Ikier, 2021; Ozbek vd., 2017; Ozbek vd., 2018). Her bir anket sorusu maksimum
20 saniye boyunca ekranda kalmaktadir. Katilimeilar anket sorularini klavyenin {ist
kisminda bulunan 1-7 tuglarina basarak cevaplandirmaktadir.
2.2.5. Islem Uzam Gérevi

Bu gorev, merkezi yliriitiicii ve ¢alisan bellek kapasitesindeki bireysel farkliliklarin
kontrol edilebilmesi i¢in katilimcilarin g¢alisan bellek kapasitelerinin GSlgiilmesi
amaciyla kullanilacaktir. Gorevde, katilimcilardan bir dizi matematik sorusu ¢ozmeleri
ve bu sorular1 ¢ozerken bir yandan sunulan harflerin siralarini akillarinda tutmalari

istenmektedir (Unsworth vd., 2005). Bu gorevin ¢alisan bellek kapasitesini giivenilir
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ve gecerli bir sekilde oOl¢tiigii tekrarli bulgularla gosterilmistir (Redick vd., 2012;
Unsworth vd., 2005).
2.2.6. Demografik Bilgi ve Strateji Degerlendirme Formu

Bu formla katilimcilarin yas ve cinsiyet bilgilerinin yani sira sag/sol el kullanim
bilgileri ve deney esnasinda herhangi bir strateji kullanip kullanmadiklarina iliskin
veriler elde edilecektir. Strateji sorulari, katilimeilarin 2-geri gorevindeki uyaranlari
akilda tutarken bir smiflandirma ya da kiimeleme yapip yapmadiklarini, epizodik
gelecek diislincesini ipucu sozciigii gormeden once kurgulayip kurgulamadiklarini,
anket sorularini yanitlarken kurgulamaya devam edip etmediklerini, sorulari
yanitlarken bastaki kurguyu degistirip degistirmediklerini deney sonunda tekrar
kontrol etmeyi amaglar.

2.2.7. islem

Aragtirma, e-Prime 2.0 yazilimi ile uygulanmistir. Gorevler, Psikoloji
Laboratuvari’nda, bilgisayar karsisinda tamamlanmistir. Katilimcilarin yarist gorsel
yarist ise sozel ¢alisan bellek grubuna rastgele atanmistir. S6zel gruptaki katilimeilar
harfleri kulaklik araciligiyla duymuslardir. Gorsel gruptaki katilimcilar da kulaklik
takacak ancak bir ses duymamuiglardir. Tiim katilimeilar ilk 6nce bilgilendirilmis onam
formunu doldurmustur. Ardindan ¢alisma hakkinda 6nce s6zlii olarak bilgilendirilmis,
daha sonra yazili yonergeler esliginde deneye baslamiglardir.

Katilimeilar her bir gorev icin bir pratik ve bir deney agamas1 tamamlamaistir. Pratigi
basartyla tamamlanan gorevin ardindan asil Ol¢limlerin alindigr deney asamasina
gecilmistir. 11k olarak tekli gorevlerin, daha sonrasinda ise ikili gorevlerin pratikleri
yapilmistir. Hem tekli hem de ikili gorevlerde katilimeilarin yarisi dnce epizodik
bellek, diger yaris1 ise once epizodik gelecek gorevini almistir. Boylece gecmis ve
gelecek gorevlerinin sirasindan kaynaklanabilecek potansiyel etkiler dagitilmistir.
2.2.7.1. Tekli-gorev islemleri

Tekli-gorev islemi 2-geri gérevinin pratik asamasiyla baglamistir. Katilimeilarin bu
gorevi daha i1yi anlayabilmesi i¢in hem yazili hem de gorsel yonergeler kullanilmastir.
Gorev yonergelerini tamamlayan katilimcilar 15 denemelik (4 hedef, 11 hedef
olmayan) bir 2-geri setini tamamlamistir. Bu pratik setinde %80 dogruluk oranina
ulasabilen katilimcilar siradaki goreve gegmis, ulasamayan katilimcilar pratik setini

tekrar etmistir. Ardindan asil dl¢limlerin alindig1 2-geri gorevinin deney asamasina
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gecilmigstir. Katilimci, bu agsamada 20 denemelik bir 2-geri setini tamamlamistir (5
hedef, 15 hedef olmayan).

2-geri pratigini tamamlayan katilimcilar epizodik gelecek diislincesi veya epizodik
bellek gérevinin pratik agsamasina ge¢cmistir. Pratik asamasinda katilimciya yazili bir
yonerge verilmis ve gorevi anlayip anlamadigi sorulmustur. Gorevi anlamayan
katilimcilar s6zel olarak tekrar bilgilendirilmistir. Pratik asamas1 basladiginda ekranin
ortasinda bir fiksasyon noktasi ¢ikmis, hemen ardindan kisa bir siireligine ipucu
sozclik gosterilmistir. Bu sozciik gosterildikten sonra fiksasyon noktasi tekrar
goriinmiis ve katilimcmin aklina bir ani/diisiince gelip “BOSLUK” tusuna basana
kadar ekranda kalmistir. Katilimci tusa bastiktan sonra aklina gelen olay1 kisaca
Ozetlemistir. Bu 0Ozet mikrofon araciligiyla E-prime tarafindan kaydedilmistir.
Ardindan bu olay1 zihninde detaylandirmasi istenmistir. Zihinde detaylandirma
asamast bittikten sonra ekrana fenomenoloji sorular1 gelmistir. Fenomenoloji sorulari
yanitlandiktan sonra asil Ol¢iimlerin alindigi deney asamasina gecilmistir. Deney
asamasindaki islemler pratik asamasindaki gibidir. Bu asama tamamlandiktan sonraki
gorev, katilimcinin diger gorev i¢in (epizodik gelecek diisiincesi veya epizodik bellek
gorevi) pratik yapacagi kisimdir. Bu islem, katilimciya verilen yonerge harig bir 6nceki
islemle birebir aynidir. Boylece tekli-gorev asamalar1 tamamlanmis ve ikili-gorev
asamalarina gecilmistir.
2.2.7.2. ikili-gorev islemleri

Katilimeilar ikili-gorev islemi icin ilk olarak ya epizodik bellek ya da epizodik
gelecek diislincesi ikili-gorev pratigini  almiglardir. Bu gorevde katilimcilarin
ogrendikleri iki farkli gérevi ayni anda yapmaya ¢alismasi beklenmistir. Katilimcilar
bu prosediire ilk olarak 20 denemelik bir 2-geri goreviyle baslamistir. Katilimer 2-geri
gorevini slirdiiriirken belirli bir anda 2-geri gorevi durmus ve ekranin ortasinda kisa
siireligine bir ipucu sozciik gosterilmistir. Ipucu sozciik gosteriminin ardindan 2-geri
gorevi tekrar devam etmistir. Bu asamada katilimci bir yandan bir olay
hatirlamaya/kurgulamaya calisitken bir yandan da 2-geri gorevini siirdiirmeye
calismistir. Katilimeinin aklina bir olay geldiginde “BOSLUK” tusuna basmis ve 2-
geri gorevi kisa bir siireligine durmustur. Bu asamada katilimci aklina gelen olay1
birkag kelime ile 6zetlemistir. Ardindan 2-geri gorevi devam etmistir. Katilimcidan bu

esnada olay1 zihninde detaylandirmaya devam etmesi ve birazdan ekranda goriinecek
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fenomenoloji  sorularmi yanitlamasi istenmistir. Fenomenoloji sorular1 da
yanitlandiktan sonra pratik asamasit tamamlanmistir. Deney prosediirii pratik
prosediirii ile aynidir.

Ikili gorevin ilk asamas1 tamamlandiktan sonra katilimci bir sonraki ikili grev
asamasi (epizodik bellek ya da gelecek diisiincesi) i¢in pratik yapmaya baglamistir. Bu
asamadaki pratik ve deney islemleri, katilimciya verilen yonerge (epizodik bellek ya
da gelecek diisiincesi) hari¢ bir dnceki asamayla birebir aymdir. Ikili gérev deney
asamalar1 tamamlandiktan sonra katilimcilardan Demografik Bilgi ve Strateji
Degerlendirme Formunu doldurmalari istenmistir. Katilimeilar son olarak iglem uzami
gorevini gerceklestirmiglerdir.

3. Tartisma ve Sonuc¢

Bu ¢alismanin amaci, ¢alisan bellegin gorsel ve sdzel bilesenlerinin epizodik gelecek
diistincesine farkli sekilde katkida bulunup bulunmadigini ve ¢alisan bellek
kapasitesinin etkilerini kontrol ederken bilesen kullaniminin zamansal yonler arasinda
farklilik gosterip gostermedigini aragtirmaktir. Bu amagcla, ikili gorev paradigmasi
kullanarak bir deney gerceklestirilmistir. Katilimcilardan gegmisteki kisisel bir olay1
hatirlamalar1 ya da gelecekteki kisisel bir olay1r zihinde canlandirmalart (birincil
gorevler) ve es zamanli bir sekilde gorsel ya da sozel 2-geri gorevlerini (ikincil
gorevler) yerine getirmeleri istenmistir. Ikili gorevler sirasinda hatirlanan/hayal edilen
olaylarin fenomenolojik derecelendirmelerinin yani sira, 2-geri gorevleri sirasinda
olaylarin akla gelme siireleri i¢in tepki siireleri analiz edilmistir.

Calismadan elde edilen bulgular beklentimizle ortiiserek gelecegi kurgulamanin
gecmisi hatirlamaktan daha uzun siirdiigiinii ortaya koymustur. Bu sonugclar, gelecegi
diistinmenin daha fazla biligsel kaynak gerektirdigini ve ge¢misi hatirlamaktan daha
fazla iliskisel islem gerektirdigini 6ne siiren yapici epizodik simiilasyon hipotezi ile
uyumludur (Addis & Schacter, 2007). Elde edilen sonuglar gelecege yonelik bu
diisiincelerin gegmisi hatirlamaya kiyasla daha az belirgin oldugunu, daha az 6nceden
yastyormus gibi hissedildigini, ve uzamsal imgelemlerin daha az oldugunu
gostermistir. Ayrica elde edilen sonuglar gelecegi kurgulamanin daha pozitif olarak
algilandigin1 gostermistir.

Ilging bir sekilde bilissel yiik altinda gecmisi hatirlamak ve gelecegi kurgulamak

biligsel yiikiin olmadig1 duruma gore daha hizli bir siire¢ olarak karsimiza ¢ikmistir.
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Bunun muhtemel bir sebebi olarak ikili gérev pratik avantaji gosterilebilir (Strobach
& Schubert, 2016; Strobach, 2020). Duyusal-motor bir gorev igeren tekli gorev ve
pratik tekrarlarmin ikili gorev i¢in avantaj olusturmus olabilecegi diisiiniilmektedir.
Ancak bu avantaj fenomenolojik bulgularda ortaya ¢ikmamustir. Elde edilen bulgular
biligsel yiikiin olaylarin canliligini, yeniden yasiyormus gibi hissetmeyi, gorsel, isitsel,
ve uzamsal imgelemi ve kisisel 6nemi azalttigin1 géstermekte, ayrica olaylarin zihinde
canlandirilmasini zorlastirdigina isaret etmektedir.

Modaliteye 6zgli (gorsel — sozel) biligsel yiik incelendiginde elde edilen sonuglar
gelecek diisiincelerini olusturmada her iki bilesenin de esit katki sagladigini ortaya
koymus, ancak gorsel bilesenin sdzel bilesene kiyasla gecmisten belirgin bir olay
hatirlamay1 daha ¢ok destekledigini gostermistir. Oyle ki insanlar gegmisi hatirlarken
gorsel calisan bellek yiikiinden dramatik bir sekilde etkilenmekte, sdzel ¢alisan bellek
yiikiinden ise gelecegi kurgulamaya kiyasla 6nemli 6l¢iide etkilenmemektedir. Bu
bulgu, gorsel calisan bellegin gecmisi hatirlamada 6nemli bir rol oynadigini ortaya
koymaktadir.

Fenomenolojik oOl¢limler gelecegi kurgulamanin sozel bilesene kiyasla gorsel
bilesenden daha ¢ok yararlandigin1 ve bu tiir disilincelerin sozel ¢alisan bellek
yiikiinden ge¢misin hatirlanmasina kiyasla daha az etkilendigini gostermistir. Buna
gore gorsel calisan bellek yiikii gelecek diisiincelerinin duygusal yogunlugunu ve
kisisel 6nemini azaltmaktadir. Literatiir kisisel 6nemin ve gelecege yonelik zihinsel
zaman yolculugu hissinin ¢ok yakindan iliskili oldugunu gostermekte (Lehner &
D’argembeau, 2016; D’argembeau & van der Linden, 2012; Barsics vd., 2015),
dolayisiyla gorsel calisan bellek yiikiiniin gelecege yonelik diisiincelerdeki bu hissi
azalttig1 diistintilmektedir.

Ozetle sonuglarimz gorsel calisan bellegin gelecegi kurgulamayr ve gecmisi
hatirlamay1 farkli zamanlarda destekledigini gostermektedir. Buna gore her iki bilesen
de gelecegi kurgulama asamasinda 6nemlidir, ancak gorsel bilesen sozel bilesene
kiyasla bu olaylarin detaylandirilma asamasinda daha 6nemlidir. Ge¢mis olaylar i¢in
ise gorsel calisan bellek olaylarin olusturulma asamasinda daha onemli bir rol
oynamakta, ancak bu olaylarin detaylandirilma asamasinda her iki bilesenden de

destek alindig1 goriilmektedir.
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INTRODUCTION

People can construct mental simulations of possible and plausible future-oriented
events, termed as episodic future thinking (Atance & O’Neill, 2001; Szpunar &
Radvansky, 2016; Schacter et al., 2017). Studies showed that these simulations play a
role in many cognitive, behavioral, and emotional processes ranging from
constructing, planning, and monitoring goals (Demblon & D'Argembeau, 2014;
D'Argembeau & Demblon, 2012) to health-related decision-making processes
(Lawyer & Mahoney, 2018; Segovia et al., 2020; Stein et al., 2018), and self-regulation
(Salgado & Berntsen, 2019). To understand the cognitive mechanisms underlying
episodic future thinking, various factors such as the role of semantic information,
emotional valence, and the structure and organization of thoughts have been examined
(e.g., Schacter et al., 2013; D'argembeau & Van der Linden, 2004; Puig & Szpunar,
2017; D'argembeau & Demblon, 2012). However, studies investigating the role of
working memory on future thinking are still quite limited. Working memory is a
cognitive property that enables the storage, short-term retention, manipulation, and
retrieval of information. Several models have been argued to explain the underlying
mechanism of working memory (e.g., Cowan, 1988; Baddeley & Hitch, 1974;
Oberauer, 2002). For instance, embedded memory models (e.g., Cowan, 1988;
Oberauer, 2002; Cowan, et al., 2021), which treat working memory as the activated
part of the information embedded in long-term memory, focus mainly on the
interaction between working memory and long-term memory. Although the multi-
component model of working memory has approached this holistic perspective in
recent years (see Baddeley, 2000), they argue that memory is not a monolithic system.
Instead, it consists of interrelated but independent components that process different
types of information, such as visual and verbal (e.g., Baddeley & Hitch, 1974;
Baddeley, 2000). Thus, the multi-component model is often utilized to investigate the
modality-specific characteristics of information. According to this approach, the
phonological loop component allows auditory and verbal information to be held and
manipulated in the mind. The visuo-spatial sketchpad, on the other hand, allows the
color, shape, size, or position of an object to be held and manipulated in the mind. The

other two components are the episodic buffer and central executive components. The



central executive coordinates the components of working memory by directing
attention, while the episodic buffer is considered a temporary storage where
information from the other components is collected and combined. This model allows
researchers to study the role of these components in various cognitive processes (e.g.,
episodic memory; Plancher et al., 2018; mind wandering; Choi et al., 2017; problem-
solving; Raghubar et al., 2010; comprehension; Woolley, 2010). In this context, the
present thesis investigates the role of visual and verbal components of working
memory in episodic future thinking by adopting a multi-component approach.

The main theoretical framework for the formation of episodic future thinking is the
constructive episodic simulation hypothesis. Accordingly, future events can be
generated by reconstructing information from episodic memory, which incorporates
personal life experiences and allows individuals to remember past events (Schacter et
al.,2017; Schacter & Addis, 2007). Comparative studies of how individuals experience
events when imagining the future and remembering the past support this approach. For
example, patients with amnesia have problems not only with episodic memory but also
with episodic future thinking (Cole et al., 2016). Moreover, older participants produce
fewer episodic details, such as the location and timing of events, in both future and
past thoughts compared to younger participants (Schacter et al., 2013). The underlying
neural activations in episodic memory and episodic future thinking also largely overlap
in the brain. Studies point to the medial temporal lobe as a prominent brain area for
both episodic memory and episodic future thinking (Race et al., 2011; Bertossi et al.,
2016; Szpunar et al., 2007). These studies suggest that episodic memory and episodic
future thinking share some common features.

In addition to some behavioral and neural overlap between episodic memory and
future thinking, there are also some divergences. For example, studies show that
episodic future thinking may be more cognitively demanding than episodic memory
(Anderson et al., 2012; Wiebels et al., 2020; Zavagnin et al., 2016; Arnold et al., 2011;
El Haj & Lenoble, 2018). This assumption is logical because constructing future events
can involve various combinations of information stored in episodic memory while
remembering past events often entails searching for specific combinations of
information. Therefore, thinking about the future may require effortful inhibition of a

wide range of unnecessary information to create novel and plausible events (Anderson



et al., 2012). The constructive episodic simulation hypothesis suggests that episodic
future thinking involves more cognitively demanding relational processing than
episodic memory, as it requires the formation of new relations. This demand may not
be as high as in the past, where the relations already exist (Roberts et al., 2016). This
assumption is supported by phenomenological findings, showing that imagining the
future results in poorer sensory details compared to remembering the past (Arnold et
al., 2011; D'Argembeau & Van der Linden, 2004). Episodic future thinking differs
from episodic memory in being more goal-oriented, less vivid, more positively
valenced, and often imagined from a third-person rather than a first-person perspective
(Hallford et al., 2018; D’Argembeau & Van der Linden, 2004; 2006; Salgado &
Berntsen, 2019; D’Argembeau et al., 2010). Moreover, these temporal directions
exhibit different eye movement patterns, likely due to differences in the cognitive
demands of future thinking (El Haj & Lenoble, 2018; El Haj & Moustafa, 2020). The
neuroimaging studies also point to some dissociations between episodic memory and
episodic future thinking (Addis et al., 2007; Benoit & Schacter, 2015; Szpunar et al.,
2007). The neural activity involved in episodic future thinking is much greater than in
episodic memory (Szpunar et al., 2007; Addis et al., 2007). Consequently, these studies
have found some similarities and differences in comparing the past and the future, but
these temporal directions have not been compared in terms of working memory
components.

Furthermore, there is still very little research that attempts to distinguish the role of
visual and verbal working memory on episodic memory. In a recent study, Plancher et
al. (2018) showed that although both visual and verbal components are involved in
episodic memory processes, they have different effects on episodic memory
performance at different times. In addition, some researchers argue that episodic
memory is predominantly based on visual imagery and that the representation of past
experiences is generally visual (Brewer, 1988; Conway, 2009; Rubin et al., 2003;
Rubin, 2005; 2006). The studies of these researchers emphasize the predominant role
of visual working memory in episodic memory. An important point to be emphasized
at this point is how episodic memory is treated in these different studies. For example,
on the one hand, in the episodic memory task in Plancher et al.'s (2018) experiment,

participants were instructed to keep the information about the objects they saw around



them in mind for later recall while taking a virtual city tour. However, in Rubin et al.’s
(2003) investigation, people were asked to recall a specific event that took place in the
past. The latter involves imagining a chain of events that occurred in a specific time
and place in one's past and requires mental time travel. People can also simulate the
future in the same way by imagining their upcoming events (Szpunar et al., 2014).
Therefore, we operationalized episodic memory as the recollection of a specific
personal event that occurred in the past, and episodic future thinking as the imagination
of a specific personal event that might occur in the future. Given these points, the
second aim of the study is to examine the roles of visual and verbal working memory
in episodic future thinking compared to their roles in episodic memory. In this respect,
it would also be beneficial to repeatedly examine the role of visual and verbal working
memory components on episodic memory.

In line with these aims, the roles of visual and verbal working memory components
to episodic memory and episodic future thinking were examined comparatively using
a dual-task paradigm. episodic memory and future thinking tasks were considered
primary tasks, while visual and verbal working memory tasks were considered as
secondary tasks. In the single-task phase, half of the participants completed a verbal
working memory task, while the other half completed a visual working memory task.
Participants also performed a past remembering and an episodic future thinking task.
During dual-tasking, participants carried out episodic future thinking and episodic
memory tasks concurrently with the attended working memory tasks, either visual or
verbal. In episodic future thinking and episodic memory tasks conducted
simultaneously with working memory tasks, we compared the duration of thought
formation and the phenomenological characteristics of these thoughts - such as their
vividness, sensory details, and positive/negative emotions experienced - both between
and within groups. In dual-task paradigms, when two tasks share the same information
processing resource, performance is anticipated to decline in those tasks (Fisk et al.,
1986; Logie & Duff, 2007; Duff & Logie, 1999; 2001; Cocchini et al., 2002; Doherty
& Logie, 2016). Conversely, if they utilize different resources, performance is
expected to remain relatively unchanged in both tasks. In this study, we have taken this

assumption as a basis for understanding the underlying cognitive mechanisms of



episodic future thinking and have further revealed its similarities and differences with
episodic memory in terms of the working memory component’s usage.

In the following sections, theoretical views explaining the role of working memory
in mental time travel will be discussed. In this part, we will explore why working
memory is a suitable candidate for the mental time travel workspace and how working
memory may contribute to these journeys. Subsequently, we will review these
contributions within two temporal domains: episodic future thinking and episodic
memory. This review will discuss whether working memory plays a differential role
within these temporal directions. Following this, we will delve into working memory
components and explain how they contribute differently to these temporal directions.
In these sections, we will begin by addressing episodic memory and then proceed to

episodic future thinking.

CHAPTER1

1. Working Memory and Mental Time Travel
Being able to disengage from the present time by shifting mentally backward through

the past and forward through the future refers to mental time traveling (Tulving, 2002;
Suddendorf & Corballis, 2007). People often travel through both temporal directions
by thinking about the events that occurred in the past or events that might happen in
the future. Episodic future thinking and episodic memory mechanisms can be
considered as two poles of mental time travel. These two mechanisms are also thought
to be fundamental in developing the phenomenological representation of a perpetual
self-concept through space and time, known as autonoetic consciousness which is
crucial to performing mental time travel (Tulving, 1985). This type of consciousness
allows people to be aware of themselves when remembering the past and imagining
future events (Tulving, 2002). Therefore, these are not the events experienced or
narrated by someone else, but rather personal, self-relevant events. The neural
commonalities between the future and the past could explain this autonoetic
consciousness phenomenon. For example, in a study, participants were instructed to

retrieve specific personal past and future events with the help of event cues. In addition



to self-relevant events, participants also thought about event-cue-related scenarios
about Bill Clinton (e.g. “I saw Bill Clinton at a meeting in Pentagon, alongside faceless
generals and soldiers”). Interestingly, the neural overlaps have been observed to a
lesser extent when participants imagine Bill Clinton; however, there was a notable
overlap between personal past and future events (Szpunar et al., 2007). The results
suggest that self-referential processing co-occurs during mental time travel. This
interpretation can also be supported by another study, which showed the importance
of general personal knowledge in episodic future thinking (D’argembeau & Mathy,
2011). The study investigated the construction phase of episodic future thinking and
how those thoughts are organized in knowledge structures by conducting 3 separate
studies. The findings showed that participants first utilize general personal knowledge
when envisioning the future or remembering the past, followed by general events and
then specific events. Therefore, mental time travel ability prerequisites an autonoetic
consciousness that draws upon various knowledge organizations to be reconstructed.
Mental time travel also requires a mental platform where personal experiences and
semantic knowledge are integrated to create mental simulations of the future and the
past. Working memory is well-suited for this mental platform, given its effectiveness
in information processing, including temporary storage and information manipulation
(Dere et al., 2019; Breeden et al., 2016; Suddendort & Corballis, 2007). The working
memory system not only provides information manipulation for contextual
information (verbal, visual, spatial, olfactory, etc.) in its components (e.g.
phonological loop, episodic buffer, visuo-spatial sketchpad) but also enables the
integration of information from these diverse categories into an event via the central
executive component (Breeden et al., 2016). Thus, Breeden and his colleagues (2016)
propose a new component to the multi-component model of working memory, the
MTT platform, that operates as an experience reconstruction system. Their model
suggests that a higher complexity of the "MTT platform" corresponds to an elevated
level of autonoetic consciousness in certain species. It is also claimed that the evolution
of processing power and working memory should be linked to the evolution of mental
time travel, therefore; sufficient working memory capacity is crucial for mental time

travel (Breeden et al., 2016; Dere et al., 2019).



Marchetti (2014) argues that mental time travel is a constructive process that requires
retaining and manipulating information over a short period, thus utilizing working
memory. According to his theory, attention and working memory mechanisms are the
two fundamental mechanisms for constructive processes that underpin mental time
travel. Therefore, to simulate oneself in the future or past, internal attention is required
to be directed towards either temporal direction, with working memory aiding in
organizing the events within a temporal coordinate system. This view may align with
the foreground hypothesis of mental time travel, known as constructive episodic
simulation, which posits that imagining the future and remembering the past involves
a flexible reconstruction of episodic details from the past to generate new scenarios
through forming new relations (Schacter & Addis, 2007). These relational processes
allow people to create specific scenarios of the past and the future by binding the
objects and spatial features as well as integrating the other details such as people,
places, emotions, actions, etc. (Roberts et al., 2016). However, it is most likely that the
relational process demands are not equal between the temporal directions. For
instance, envisioning the future involves simulating a series of actions that have not
yet occurred. Therefore, one needs to predict these actions to create specific future
events, more so than remembering the past, as the actions have already been
represented in the brain to some extent (Szpunar et al., 2007). Interestingly, Szpunar
and his colleagues (2007) demonstrated increased brain activity in networks associated
with spatial working memory and attention during episodic future thinking as
compared to past remembering. There is also enough evidence that episodic future
thinking is a more cognitively demanding process than episodic memory process (Hill
& Emery 2013; Anderson & Dewhurst 2009; Wiebels et al., 2020; El Haj & Moustafa
2020; D’argembeau et al., 2010; McDonough & Gallo 2010; D’argembeau & Mathy
2011; Richmond & Pan; 2013) episodic future thinking, hence, may involve a more
cognitively demanding relational process than episodic memory (Roberts et al., 2016).
Given the relational demand of episodic future thinking, and the findings showing the
differences between episodic future thinking and episodic memory in various domains
(on a phenomenological level; Arnold et al., 2011; D'Argembeau & Van der Linden,
2004; on a physiological level; de Vito et al., 2015, El Haj & Moustafa, 2020; El Haj
& Lenoble, 2018; and on a neural level; Addis, et al., 2007; Coste et al., 2015; Benoit



& Schacter, 2015), working memory utilization would also likely be different between

the temporal directions.

1.2. Episodic Memory and Working Memory
Episodic memory is a hypothetical memory system that represents specific mental

experiences, including information about time, space, and perceptual details (Tulving,
2002). Many studies investigating the role of working memory on episodic memory
have shown a connection between retrieving specific memories and working memory
(Kemps & Tiggemann, 2007; Ros et al., 2010; Daselaar et al., 2008; Guler et al., 2018;
Maxfield et al., 2008). For example, individuals who have difficulties maintaining and
updating information in working memory tend to retrieve more over-general memories
(non-specific events) compared to those with higher working memory capacity (Ros
et al., 2010). In this study, a group of older and young adults were compared on
autobiographical memory performance, and the association between different working
memory tasks (reading span and working memory with sustained attention load) and
over-general memories was evaluated. The study findings revealed that older adults
tend to recall more generalized memories and various measures of working memory
were positively correlated with the increasing number of remembering specific events.
The connection between memory specificity and working memory might explain why
older adults recall fewer specific memories compared to younger individuals, given
that working memory performance tends to decline with aging. Indeed, updating
(measured with n-back) and inhibition (measured with Stroop) performances, which
are considered functions of working memory, mediated the relationship between
memory specificity and aging (Piolino et al., 2010). Similarly, in another study,
inhibitory control and cognitive flexibility were found to be related to retrieving more
specific memories (Guler et al., 2018). In this study, participants were presented with
concrete and abstract cue words and asked to recall a specific memory, and their
executive function performance was tested on different subcomponents (inhibition
control, information monitoring/updating, shifting). The results pointed out that
attentional resources and inhibitory control mechanisms have a pivotal role in
retrieving specific memories. Additionally, semantic-autobiographical remembering
may also be related to working memory. For instance, Unsworth and his colleagues

(2012) had their participants recall their Facebook friends on different levels (number



of remembered friends, speed of name recall, number of friend clusters, and the size
of the clusters) and measured the working memory capacity with three different tasks:
operation, symmetry and reading spans. The study revealed that the participants who
had greater working memory capacity remembered more names and did so at a faster
rate than those who had lower working memory capacity. The reason behind the
relationship between working memory and episodic memory may stem from the
relational processing as proposed by the constructive episodic simulation hypothesis.
For instance, Unsworth and his colleagues (2011) used the encoding specificity
principle to investigate the importance of this effect on the relationship between
working memory and episodic memory. The encoding specificity principle suggests
that the ability to remember an event relies on how well the features of the event match
with the features of the retrieval cue (Tulving & Thomson, 1973). Interestingly,
individuals with higher working memory capacity outperformed those with lower
capacity when the conditions for encoding and retrieval match. However, in a situation
where there was a mismatch between these conditions, those with higher working
memory capacity were more adversely affected compared to individuals who had
lower working memory capacity. Therefore, people may utilize working memory for
relational processing, allowing them to establish connections between different pieces

of information and integrate them into coherent memory representations.

1.3. Episodic Future Thinking and Working Memory
The view that working memory could enable the retention and manipulation of

information for the formation of episodic future thinking has gained support in the last
15 years (Suddendorf & Corballis, 2007; Addis et al., 2008; D'argembeau et al., 2010;
Hill & Emery, 2013; Breeden et al., 2016; Zavagnin et al., 2016; Ferretti et al., 2017;
Bahri & Babhri, 2018). For example, in a study by Hill and Emery (2013), participants
completed several working memory measures in addition to autobiographical tasks
which included fluency, specificity, and episodic details of future and past events. The
findings demonstrated that working memory capacity promotes the formation of
specific future-oriented events but does not significantly contribute to remembering
specific past events to the same extent. It has also been shown that working memory
predicts the impaired future thinking performance of adolescents with depression,

anxiety, or stress problems compared to those without such issues (Bahri and Bahri,



2018). This study compared the future thinking characteristics, including fluency,
specificity, and episodic details, as well as working memory’s role, between
adolescents experiencing internalizing issues and those who are non-clinical. The
comparison showed significant differences in terms of future specificity and episodic
details and further revealed a positive correlation between overall future thinking score
and working memory capacity. Overall, the findings indicate that working memory
capacity could contribute to episodic future thinking.

Working memory also plays an important role in age-related differences in episodic
future thinking. Older people have difficulty in creating future-oriented simulations
and producing details about these events compared to younger people (Addis et al.,
2008, Zavagnin et al., 2016; Addis et al., 2010; Cole et al., 2013; Gaesser et al., 2011).
One of the explanations for these divergences between older and younger participants
is the decline in working memory performance with aging (Zavagnin et al., 2016). For
instance, Zavagnin et al. (2016) claimed that impaired working memory and inhibition
performance are some of the reasons why older participants produce fewer details in
episodic future thinking tasks. Consistent with this assumption, the internal details of
future thoughts were found to correlate with the digit backward span score, which is
considered a measure of executive functioning (Addis et al., 2008). Another work also
indicated a positive correlation between the episodic details produced by older people
and executive functions, suggesting that executive processes underpin episodic future
thinking (Cole et al., 2013). This study further argues that thinking about the future
involves multimodal information processing within working memory to create a novel,
coherent event. The results of these studies align with D'Argembeau and his
colleagues’ (2010) work, which showed a connection between executive processes and
episodic future thinking, and cognitive properties associated with these processes. In
this study, participants completed various measures of episodic future thought and
autobiographical memory regarding phenomenology, fluency, specificity, and episodic
details. Additionally, the participants also completed a wide range of
neuropsychological measures that play a role in episodic future thinking including
relational memory processing, executive functioning, time perspective, autonoetic
consciousness, and visuospatial processing. The study found that measures of

executive processes were predictive of both future and past events, but executive
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functioning was particularly related to future thinking, especially when the event was
specific.

Another line of studies shed light on the importance of working memory in episodic
future thinking through applied research that investigates decision-making processes.
In recent years, an increasing number of studies has shown that episodic future
thinking is one of the strategies that can support decision-making processes by
reducing the distance between the present and the future in our minds and
strengthening our connection with the future (Daniel et al., 2013; Schacter et al., 2017;
Szpunar & Radvansky, 2016; Daniel et al., 2015). For example, episodic future
thinking increases the tendency to make decisions that are beneficial for health,
including quitting smoking (Stein et al., 2018; Chiou & Wu, 2017), eating habits
(Daniel et al., 2013; Daniel et al., 2015; Dassen et al., 2016; Segovia et al., 2020), or
continuing/leaving a hobby that may have positive/negative effects on health (Kaplan
et al., 2016). Some studies suggest that working memory training can facilitate the
efficiency of episodic future thinking in decision-making processes, such as delay
discounting. In a study examining the effects of working memory training on delay
discounting in stimulant addict individuals, it was found that the training has a
significant impact on reducing delay discounting compared to the control group
(Bickel et al., 2011). Nevertheless, that enhancement may have been influenced by
episodic future thinking since Snider et al. (2018) demonstrated the pivotal role of
episodic future thinking in the connection between working memory and delay
discounting. In this study, individuals with alcohol dependence completed three types
of tasks before and after the working memory training: a near-transfer novel working
memory task, delay discounting alone and delay discounting combined with episodic
future thinking. As expected, the training improved the performance on the near-
transfer novel working memory task. More importantly, a rate-dependent decrease in
delay discounting was observed following the training, particularly in individuals with
the highest baseline rates of delay discounting combined with the scores of episodic
future thinking. That is, working memory training enhanced the effectiveness of
episodic future thinking in reducing delay discounting. In a similar study that
investigated the role of episodic future thinking in delay discounting, it was also

demonstrated that Backwards Corsi and Digit Span task scores, which are considered
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working memory measures, moderated the effectiveness of episodic future thinking on
the rate of delay discounting (Bickel et al., 2020). Consequently, these studies support
the view that working memory is a cognitive property that facilitates episodic future
thinking.

Overall, the literature suggests that future thinking relies more on relational
processing and is more cognitively demanding than past remembering. Both episodic
future thinking and episodic memory appear to benefit from working memory in
various ways, but the role of working memory in these cognitive processes remains
poorly understood. The multi-component model of working memory is a memory
model that processes different types of information, consisting of independent
components that are interconnected (Baddeley & Hitch, 1974; Baddeley, 2000). Many
studies examining the role of working memory addressed this cognitive process in a
unitary manner, with only a few studies distinguishing between its components. Hence,
it remains unclear whether various components of working memory contribute
differently and if the disparity between future thinking and past remembering arises
from this distinct utilization.

1.4. Contributions of Working Memory Components to Episodic Memory and
Episodic Future Thinking

There has been relatively more focus on investigating the connection between
working memory components and episodic memory than on future thinking. At first
glance, the episodic buffer component seems to be more concerned with episodic
memory, as it serves a feature-binding function and may be utilized to create
representations of past events. Baddeley's (2000) episodic buffer component and
Tulving's (2002) episodic memory concept share similarities in integrating space and
time and feature binding, yet they diverge concerning time: the episodic buffer
functions as a temporary storage, whereas episodic memory is often associated with
episodic long-term memory. Piolino and her colleagues (2010) demonstrated that age-
related declines in remembering the past are primarily influenced by impairments in
updating and inhibition functions (executive functions) with a lesser impact observed
in the feature binding (episodic buffer). In line with these results, overall, the literature
suggests that the central executive component plays a pivotal role in episodic

recollections (Unsworth et al., 2012; Piolino et al., 2010; Daselaar et al., 2008; Ros et
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al., 2010). While the studies may not explicitly mention the "central executive"
component, the term "executive functions" or “working memory capacity” could serve
as an indicator of the central executive component's role, given their shared emphasis
on similar cognitive mechanisms (McCabe et al., 2010). The other components of
working memory, visuospatial sketchpad, and phonological loop, may also differ from
each other in terms of information encoding. For example, the phonological loop is
associated with encoding objects, while the visuospatial sketchpad is linked to
contextualization and temporal encoding (Plancher et al., 2018). The studies also
suggest that visual imagery is crucial for episodic memories, hence the utilization of
visual information might tax visuo-spatial sketchpad (Rubin et al., 2003; Gatti et al.,
2023; Anderson et al., 2017; Sheldon et al., 2019; Anthony et al., 2023). However,
additional research is needed to comprehend the role of working memory components
in episodic memories and to delineate how they differ from future thinking in terms of
component utilization.

The limited number of studies investigating working memory components and
episodic future thinking has shown that the verbal component of working memory can
support the construction of the future in children aged 6-11 years (Ferretti et al., 2017),
and the episodic buffer component can contribute to both past and future thinking
(Siddique et al., 2015). Another line of studies focused on the central executive
component, claiming that age-related differences in future thinking can be explained
by the decline of working memory and inhibition performance (Zavagnin et al., 2016;
Gaesser et al., 2011). The other findings support this interpretation, suggesting that
executive functions are important determinants of creating specific future-oriented
thoughts (D’argembeau et al., 2010; Hill & Emery, 2013). In these studies, similar to
those investigating episodic memory, the central executive component was not
mentioned. Instead, the focus has been on executive functions or working memory
capacity. However, these results may highlight the role of the central executive
component for similar reasons as interpreted in studies on episodic memory.
Interestingly, little effort has been put into exploring the role of visuo-spatial working
memory as in episodic memory. Considering the dominance of visual information in
episodic memory (Brewer, 1988; Conway, 2009; Rubin, Schrauf & Greenberg, 2003;
Rubin, 2005; 2006), and the constructive episodic simulation hypothesis which
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handles episodic memory as the source of future thoughts, it is necessary to investigate

the role of the visuospatial component on future thinking.

1.4.1. Central Executive

The central executive component serves as a director of executive attention and
indicator of working memory capacity. It coordinates the other components of working
memory by directing the source of attention (Baddeley, 2000; Baddeley & Hitch,
1974), and is sometimes referred to as executive functioning, depending on the study
area. For instance, while neuropsychologists usually use the term “executive
functioning” to refer to attentional control, experimental psychologists typically
employ the term “working memory capacity”, which indicates the effectiveness of the
central executive component, to refer to the same cognitive property (McCabe et al.,
2010). Studies investigating episodic memory and working memory often use the
terms ‘“‘executive functioning” or “executive processing”, which thus imply the
involvement of the central executive. These studies have delved into executive
processes and investigated information maintaining, updating, inhibition, etc.
separately. For instance, research has shown that information maintenance and
updating abilities predict an individual's capacity to retrieve specific episodic
memories (Ros et al.,, 2010), while updating and inhibition abilities mediate the
connection between memory specificity and aging (Piolino et al., 2010). Furthermore,
working memory capacity, measured by operation, symmetry, and reading span tasks,
predicts episodic memory performance (Unsworth et al., 2012). Therefore, the studies
mentioned above, demonstrating the contributions of working memory capacity and
executive processes to episodic memory, highlight the role of the central executive
component in episodic memory.

The role of the central executive in episodic future thinking has been relatively less
studied than in episodic future thinking, possibly due to the popularity of episodic
memory. Similar to episodic memory, the aforementioned studies that consider
working memory as one of the underlying factors of future thinking support the
facilitatory role of the central executive in episodic future thinking. For example,
D’argembeau et al. (2010) showed that both future thinking and past remembering
utilize executive processes, but specific future events were more associated with these

processes. Similarly, Hill and Emery (2013) showed that working memory capacity is
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positively correlated to specific future events, but lesser extent to past events.
Ultimately, the central executive appears to be a crucial mechanism for mental time
travel, but it is likely to be more important for future thoughts, as they require the

creation of new relations to construct novel events.

1.4.2. Episodic Buffer

The episodic buffer component is responsible for information integration in
cooperation with the slave components to fulfill the orders of the central executive.
Conway (2003) has suggested that reminiscence of past events would comprise
recordings of representations formed by episodic buffer, which can bind information
from different sources into cohesive episodes that can be consciously accessed. Piolino
and her colleagues (2010) conducted a study to find out how episodic buffer and
central executive components contribute to episodic recollections sampling younger
and older adults. They used a verbal autobiographical fluency task and categorized
memories into different specificity levels and employed working memory tasks that
measure feature binding, inhibition, updating, and shifting. The findings revealed that
the decline in memory specificity associated with aging was mediated by the central
executive (updating and inhibition) and to a lesser extent by the episodic buffer.
Therefore, the involvement of episodic buffer in the recollection of specific past events
may be limited to the efficiency of the central executive.

Since the episodic buffer component incorporates various information from episodic
memory into the working memory system (Baddeley, 2000), it was suggested that the
connection between future thinking and working memory may rely on the episodic
buffer (Schacter & Addis, 2007; Suddendorf & Corballis, 2007). The feature-binding
function of the episodic buffer makes it a suitable stage for creating future-oriented
simulations (Schacter & Addis, 2007). In a dual-task study testing this assumption,
participants performed an episodic buffer task while concurrently performing past
remembering and future thinking tasks (Siddique et al., 2015). The participants
attempted to remember past or imagined future events while concurrently engaging in
a verbal-spatial binding task, which was expected to activate the episodic buffer. The
results of the study revealed that the episodic buffer component contributed equally to
episodic memory and future thinking, thus episodic buffer did not differ for the two

temporal directions.
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1.4.3. Phonological Loop
The phonological loop component is concerned with the processing of auditory input

(e.g., voices, sounds, language processing). Studies investigating the phonological
loop in the context of episodic memory have addressed this component in comparison
with the visuospatial sketchpad. For example, Janssen and his colleagues (2015)
probed how different cognitive abilities contribute to autobiographical memory
differently. They employed a total of fourteen tasks to measure visual and verbal
memory (digit span task, Corsi block tapping task, DRM delayed recognition task,
etc.), accounting for either working memory or episodic memory abilities. When these
tasks’ scores were z-transformed and entered hierarchical regression analysis together,
they significantly predicted episodic memory performance, albeit with a weak effect
size and a p-value of .04. After entering verbal and visual memory scores separately,
only verbal memory showed a significant effect on episodic memory performance.
Although the authors did not explicitly address working memory and the effect size
was minor, their findings imply a potential significance of the phonological component
in episodic memory. In a more ecological setting, another study aimed to differentiate
the contributions of visual and verbal components of working memory to episodic
memory (Plancher et al., 2018). The participants were asked to memorize objects they
encountered during a virtual city tour while simultaneously performing either a verbal
or a visual working memory task. Accordingly, if two tasks utilize the same working
memory component, performance would decrease due to overload in that component.
According to their results, a simultaneous verbal working memory task made it
difficult to encode only objects into episodic memory, whereas the visual working
memory task interfered with both temporal encoding and contextualization. Therefore,
visual and working memory tasks affect episodic memory performance at different
times and in different ways (Plancher et al., 2018). However, episodic memory in this
study was defined as correctly remembering objects, thus there was no direct mention
of recalling one’s specific past events. Ultimately, it remains poorly understood
whether verbal working memory directly contributes to remembering personal past

events.
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The findings on the contribution of this component to future thinking are also
limited. The contribution of the phonological loop to future thinking has mostly been
studied with children by investigating the connection between verbal performances
and episodic future thinking. For instance, in a study by Atance et al. (2019),
preschoolers were asked to generate the appropriate item from a category that a toy
hippo would like, verbally (e.g. they would verbally indicate that they intended to bring
a pear from the fruit category). The researchers found a connection between verbal
fluency and the ability to generate future scenarios. However, this connection
diminished when the children were tested in a forced-choice condition where they had
to choose a fruit from the options provided to them. These results indicate that verbal
fluency plays a role in episodic foresight. In alignment with these results, receptive
vocabulary skills also supported episodic future thinking in both children aged
between 3-4 years and those aged 4-6 years (Cuevas, Rajan, Morasch & Bell, 2015;
Naito & Suzuki, 2011). Furthermore, a study investigating the relationship among
children aged 6 to 11 demonstrated a positive correlation between episodic future
thinking and the improvement in verbal working memory. (Ferretti et al., 2018). The
study measured phonological short-term and working memory using backward and
forward digit span tasks, a non-word repetition task, and a subset of Wechsler Scales.
Additionally, the Picture Book Trip task was employed to assess episodic future
thinking measurement. The children were presented with four colored pictures (e.g. a
waterfall) and asked to describe their contents. Each of the pictures thereafter was
accompanied by three different photographs: a) a useful item (e.g. a watercoat), b)
useless item in the given scenario (e.g. money), ¢) primed items (e.g. rocks). The
children were encouraged to give details about the chosen objects and explain why
they would be beneficial for the future. While the study found a significant facilitatory
role of verbal working memory on episodic future thinking, it is noteworthy that scores
in verbal working memory, assessed through three different tasks (forward digit-span,
non-word repetition task, backward digit-span), accounted for only 9.6% of the
variance in future thinking performance. Considering various studies indicating an
increase in visual working memory performance with age in children (e.g., Heyes et
al., 2012; Gathercole et al., 2004; Perlman et al., 2016; Simmering, 2012), it is more
likely that the development of episodic future thinking may be influenced not only by
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verbal working memory development but also by the development of visual working
memory. Moreover, since the connection between verbal working memory ability and
episodic future thinking has been mostly studied with preschoolers, it is also necessary
to investigate these connections in young adults. Consequently, further studies are

needed to investigate this relationship in more depth.

1.4.4. Visuospatial Sketchpad

The visuospatial sketchpad allows for the mental manipulation of an object's color,
shape, size, etc. The significance of visual imagery in episodic memory indicates that
the visuo-spatial sketchpad is involved in recollecting past events. Studies suggest that
episodic memory is primarily grounded in visual imagery, as the representation of past
experiences is typically visual (Brewer, 1988; Conway, 2009; Rubin, Schrauf &
Greenberg, 2003; Rubin, 2005; 2006). Rubin and colleagues (2003) observed that the
more vivid the visual imagery in a particular memory, the stronger the episodic recall,
which involves the feeling of reliving that moment by returning to a specific moment
in the past. Another study tested this correlational finding with an experimental
method, one group of participants experienced an event (e.g., a holiday planning
process) in a laboratory environment blindfolded, while the other group experienced
the same event without blindfolds. One week later, both groups were invited back to
the laboratory and asked to recall the experience in the first phase. They then rated
their episodic recall of this experience. As a result, it was found that blindfolded
participants gave lower scores for the moment of recall compared to blindfolded
participants. This finding is interpreted as episodic recall decreases when the visual
information in the experience is removed (Rubin, Burt, & Fifield, 2003). There are
also neuropsychological findings supporting the idea of the contribution of visual
imagery in episodic memory. For example, Rubin and Greenberg (1998) described a
novel form of amnesia resulting from the loss of the posterior neocortex rather than
the medial temporal area. This amnesia type is characterized by the inability to access
visual information, leading to a loss of memory. Patients with this syndrome may no
longer be able to generate visual imagery associated with the memory, resulting in an
inability to access the memory itself. A more recent study has also demonstrated the
importance of visual imagery in episodic memory using a dual-task paradigm (Gatti et

al., 2022). In this study, participants tried to remember past events in 3 different
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conditions (visual cognitive load, non-visual cognitive load, no cognitive load). In this
study, where memory recall time (reaction time) was considered as the dependent
variable, the non-visual cognitive load did not show any effect, while visual cognitive
load made it difficult to come up with a memory. The other dual-task studies support
these results, indicating that viewing dynamic visual noise (DVN) impairs the retrieval
of specific memories due to shared cognitive taxation (Anderson et al., 2017; Sheldon
et al., 2019). In a more recent study, Anthony et al. (2023) investigated the role of
working memory and visual imagery in recalling memories separately, employing a
dual-task methodology. Participants simultaneously recalled memories under three
different conditions: tracking a moving dot, watching dynamic visual noise (DVN),
and looking at a blank screen as a control condition. The researchers measured the
retrieval times of the memories and their associated phenomenological characteristics
(e.g., specificity, vividness, etc.). The results showed that both the DVN and moving
dot conditions increased retrieval latency in comparison with the control condition.
There was no discernible difference between the secondary task conditions, indicating
that both working memory and visual imagery play a role in retrieval times.
Additionally, the type of secondary task did not affect the phenomenological
characteristics, possibly due to the procedure of the experiment. The participants
attempted to recollect a personal past event concurrently, and the secondary task (DVN
and following a moving dot) was terminated once an appropriate memory was found,
similar to the procedure described in Gatti et al. (2022). Consequently, the effect of the
secondary task on phenomenological characteristics would be diminished as the
participants had enough time to elaborate on the event during the absence of the
secondary task. Therefore, there is a need for further studies that utilize a secondary
task during the elaboration of a past event.

While studies aimed at understanding episodic future thinking have not yet placed
direct emphasis on the visual component of working memory, there are indirect
findings that support this connection. The link between the visuospatial sketchpad and
episodic future thinking can be inferred from the robust connection between visual
information and episodic memory. Considering that episodic memory is largely based
on visual imagery (Brewer 1988, Conway 2009, Rubin 2005), and that episodic
memory forms the basis of episodic future thinking (Schacter & Addis 2007), both
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systems may require the utilization of the visual system in the brain. For instance, de
Vito et al. (2015) had their participants simultaneously perform three types of
secondary tasks (focusing on a moving dot, hand tapping, and free viewing) while
engaging in remembering the past and imagining future events. Findings revealed
fewer episodic details in the condition of focusing on a moving dot and engaging in a
future thinking task compared to the control condition. Interestingly, the same
secondary task did not affect the recollection of episodic memories in comparison with
the future thinking condition. These results were likely observed due to the resource
competition between voluntary eye movements, which involves visuospatial
information processing (Postle et al., 2006; de Vito et al., 2014), and future thinking,
which forms through the mental manipulation of visual imagery (El Haj & Lenoble,
2018; Conti & Irish, 2021). More recently, this interpretation has gained support from
a neuroscience study using a graph-theoretical analysis, a mathematical method to
analyze brain networks, by showing a strong connectome between the visual network
and episodic future thinking (Hu et al., 2023). The results suggested that the visual
network may even serve as a neural basis for future thinking. Additionally, Szpunar
and his colleagues (2007) demonstrated that the network activated when envisioning
the past shows similarities with the networks involved in attention and spatial working
memory tasks. Ultimately, the findings may point out the crucial role of the
visuospatial sketchpad component in the underlying cognitive mechanism of episodic

future thinking.

1.5. The Present Study
Studies have shown that working memory capacity is linked to episodic future

thinking (Hill & Emery, 2013; Cole et al., 2013; Zavagnin et al., 2016; Breeden et al.,
2016; Bahri & Bahri, 2018). However, to date, only a few studies have investigated its
components in the context of episodic memory and episodic future thinking. The
studies examining the role of working memory components on episodic future thinking
have also been limited to the central executive, episodic buffer, and phonological loop
components. Therefore, it is unclear whether visual working memory plays a role in
episodic future thinking. Although still limited in number, there are also studies in the
literature that focus on the role of verbal and visual components in episodic memory

and examine these components comparatively (e.g., Janssen et al., 2015; Plancher et
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al., 2018). However, to the best of our knowledge, no study has comparatively
examined the role of visual and verbal components in episodic future thinking. Thus,
the present study is the first attempt to distinguish between visual and verbal
components for the investigation of future thinking. Given the prominent hypothesis
of constructive episodic simulation which posits that future thoughts are formed
through episodic details stored in episodic memory and that the crucial role of visual
information in episodic memory, episodic future thinking may also rely on visual
information (Brewer, 1988; Conway, 2009; Rubin, Schrauf & Greenberg, 2003; Rubin,
2005; 2006). Indeed, some studies point to the pivotal role of visuospatial information
processing in episodic future thinking (Szpunar et al., 2007; Vito et al., 2015; El Haj
& Lenoble, 2018; Conti & Irish, 2021; Hu et al., 2023). Therefore, it is plausible that
visuospatial working memory holds a stronger association with future thinking
compared to verbal working memory. Therefore, the primary objective of this study is
to investigate the potential roles of verbal and visual working memory on episodic
future thinking in a between-group comparison. A dual-task procedure was employed
for this investigation, in which participants were assigned to perform either visual or
verbal working memory tasks concurrently with the episodic memory and episodic
future thinking tasks. The construction of these future events was measured with
reaction time latencies, and phenomenological characteristics were rated for those
events.

Accordingly, the main hypothesis of this study is as follows:

HI1: Performing episodic future thinking and visual working memory tasks
simultaneously will result in higher reaction times (H1a) and poorer phenomenological
evaluations (H1b) compared to performing episodic future thinking and verbal
working memory tasks simultaneously while controlling the effect of working memory
capacity.

The studies to date testing the constructive episodic simulation hypothesis have
uncovered various similarities (Szpunar, Watson & McDermott, 2007; Race, Keane &
Verfaellie, 2011; Schacter et al., 2013; Bertossi, Tesini, Capelli & Ciaramelli, 2016;
Cole et al., 2016), and differences (D'Argembeau & Van der Linden, 2004;
D’Argembeau, Lardi, & Van der Linden, 2010; Arnold, McDermott & Szpunar, 2011),

between episodic future thinking and episodic memory. However, the question of

21



whether there is parallelism or divergence between episodic future thinking and
episodic memory concerning working memory components remains unexplored. If
episodic future thinking is more cognitively demanding and taxes working memory
resources more than episodic memory, this may stem from the differential usage of
working memory components. A dual-task study showed that visuospatial information
processing load interferes more with episodic future thinking than with episodic
memory (Vito et al., 2015). Therefore, the visuospatial component is likely to be more
heavily utilized for future thinking than for episodic memory. Accordingly, the second
goal of the project is to determine how different working memory components support
episodic memory and episodic future thinking separately through within-group
comparison. For this purpose, each participant performed both an episodic future
thinking and an episodic memory task. The construction of these past events was
measured using reaction time latencies, and phenomenological characteristics were
rated for those events, just as they were for future events. Ultimately, the second
hypothesis of this study is as follows:

H2: Performing visual working memory and episodic future thinking tasks
simultaneously will result in higher reaction times (H2a) and poorer phenomenological
evaluations (H2b) compared to performing visual working memory and episodic
memory tasks simultaneously, while controlling the effect of working memory

capacity.

CHAPTER 11

2. Method

2.1. Participants
The sample size was calculated employing the widely used practice for analysis of

covariance (see Cohen, 1988, p. 379; Huitema, 2011, p. 475). The sample size was
calculated using MorePower 6.0.4 software, which is suitable for power analysis
according to our experimental design (Campbell & Thompson, 2012). The analysis
indicated that the sample size for the 2 (between subjects: visual and verbal) x 2

(within-subjects: past remembering and future thinking) x 2 (within-subjects: single-
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task and dual-task) mixed design analysis of covariance should include a minimum of
168 participants to achieve a power of .90, with an alpha error value of .05 and a
medium effect size of Cohen’s f = .25 (Cohen, 1988). However, considering the
potential loss of participants that may occur due to various reasons, at least 15% more
than the calculated maximum number of participants was aimed. One hundred ninety-
three undergraduate students (171 female, 21 men, 1 not specified; mean age = 21.4
years, SD = 2.09, range 18 to 29) who were native Turkish speakers and normal or
corrected-to-normal vision from Istanbul Medipol University participated in the study
in return for course credits. 68% of the participants reported sleeping for over 6 hours,
and 71% had their last meal within 4 hours before joining the study. Right-handed,
left-handed, and ambidextrous participants accounted for 90.7%, 7.3%, and 2.1%

respectively.

2.2. Experimental Design

We employed a mixed design with 2 (working memory components: visual and verbal)
between groups x 2 (temporal direction: episodic future thinking, episodic memory)
within group x 2 (task type: single-task, dual-task) within group variables.
Accordingly, participants were randomly assigned to two groups (either visual or
verbal) and each participant performed a visual or verbal working memory task
concurrently with the episodic future thinking and episodic memory tasks (dual-task).
Before the tasks were performed simultaneously, each task (working memory, episodic
future thinking, and episodic memory tasks) was performed alone (single-task). The
dependent variables of the study were the duration of recollection/construction of

thoughts and the associated phenomenological ratings.

2.3. Materials

2.3.1. 2-back Task
A 2-back task was used to examine the roles of verbal and visual components of

working memory to episodic future thinking. This paradigm, designed by Kirchner
(1958), is often used to create a modality-specific load in working memory
(Ozbozdagh, Misirlisoy, Ozkan and Atalay, 2018; Owen, McMillan, Laird &
Bullmore, 2005). This paradigm has both a verbal and a visual version (Jaeggi et al.,

2010). The verbal and visual 2-back tasks were adapted from Jaeggi and her
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colleagues’ study (2010). In the verbal version of the 2-back paradigm, the letters were
read to the participant through headphones, while in the visual version, participants
were shown squares that appeared in different positions on the computer screen (Jaeggi
et al., 2010, Ozbozdagli et al., 2018). Participants were instructed that they should
determine whether the square or letter presented two digits before is the same as the
square or letter presented at that moment (see Appendix A). For example, after hearing
each letter or seeing each square, the participants were expected to decide whether the
letter or square on the screen at that moment was the same as the stimulus shown two
steps ago by pressing the "H" key on the keyboard. For example, while the participant
heard the letter sequence “PK F K CR Z N Z Y Y” one by one, he/she had to press
the "H" key when he/she heard the letters written in bold font, but he/she did not have
to press any key for the other letters (or squares). During the experiment, each letter or
square was presented for 500 ms (milliseconds) and after a 2500 ms interval, the next
letter or square was shown. Therefore, the participant had a maximum of 3000 ms per
trial to press the "H" key. This key was chosen as it is in the center of the keyboard,
thus eliminating the potential effects of handedness.

Although this task is not often used to assess verbal and visual working memory
separately, it can also be considered as a secondary task in dual-task paradigms. In a
recent dual-task study by Ozbozdagl, Misirlisoy, Ozkan and Atalay (2018),
participants performed a car driving task (simulation) as a primary task while
performing an auditory 2-back or visual 2-back task as a secondary task. The study
concluded that the type of secondary task that the driver is engaged in can affect driver
performance. Some studies also support the idea that modality-specific n-back tasks
could activate different brain areas (Owen, McMillan, Laird & Bullmore, 2005;
Rodriguez-Jimenez et al., 2009). This suggests that both visual and verbal tasks
activate frontal regions, but each task is primarily related to either verbal or visual
brain areas (Owen, McMillan, Laird & Bullmore, 2005). Thus, it is evident that the 2-
back tasks can serve as a secondary task to induce cognitive load within the respective

modalities.

2.3.2. Episodic Future Thinking Task
The episodic future thinking task was adapted from previous studies (e.g.,

D'Argembeau & Mathy, 2011; D'Argembeau & Van der Linden, 2006) and modified
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to use in the dual-task paradigm. In this task, participants were shown a cue word and
asked to construct a future event related or unrelated to the cue word. As soon as the
participant comes up with an event after seeing the cue word, he/she presses the
"SPACE" key and expresses the event very briefly, in 2-3 words, out loud. This method
allowed us to verify if the participant had indeed formed an event and measure the
reaction time (in milliseconds). The participants then silently tried to elaborate on this
event in their minds for 30 seconds, and after the time was over, they were prompted
with phenomenological questions (Addis et al., 2007; Janssen et al., 2021). If a
participant didn’t press the “SPACE” button within 15 seconds following the cue word
presentation, the remaining parts of the trial were skipped. This duration was
determined as a result of the pilot study’s average.

The participants were instructed that these future-oriented events can be pre-planned
or imagined; what is important is that they must be plausible events that could happen
in the future. It was also emphasized that they should be a specific event taking place
at a specific time and place (see Appendix A). To promote the formation of future
thoughts, 12 concrete and neutral words with proximal values of imageability (Min. =
6.44, Max. = 6.87, M = 6.64; SD = 0.15) and concreteness (Min. = 6.64, Max. = 6.96,
M = 6.85; SD = 0.10) were selected from a pool consisting of 800 words (Ersoy &
Tekcan, 2018). The cue words used in the practical stages were not used in the
experimental phases (see Appendix B).

To ensure the cue words were presented in the same format and timing for both groups
during the dual-task, it was decided to display them during interstimulus intervals in
the written format. The cue words appeared in the center of the screen for 1000 ms
(Gatti et al., 2022; Anthony et al., 2023). The font type, color, and size were Arial,
white, and 40, respectively. After the cue word presentation, the participant was
expected to press the “SPACE” key when an event came to mind. The interval between
the display of the cue word and the pressing of the “SPACE” key was recorded as the
reaction time (ms). Immediately after pressing the button, the participants were
prompted with a white screen lasting 5 seconds, where they had to summarise the event
very briefly, using 2-3 words. At this stage, the participant’s summaries were recorded
by the computer through a microphone. If participants were unable to verbally report

the event, it was considered that they could not form a future thought, and the reaction
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time measurement was coded as missing data in the dataset. In this way, a concrete
criterion was established that the participants indeed performed the task.

In the literature, there are various studies published in high-impact scientific journals
based on reaction time measurement in the dual-task paradigms. For example, in one
study, the speed (reaction time) of constructing episodic future thought, which was
considered as a primary task, was measured in a dual-task setting (Anderson et al.,
2012). In their study, participants were instructed to generate specific future events or
remember specific past events with the help of either high imageability or low
imageability cue words, while doing random number generation as a secondary task.
The results of three separate experiments indicated that future thinking was a lengthier
and more error-prone process than past remembering, thus it might place greater
demand on executive resources to some extent. In another dual-task study, the speed
of recalling autobiographical memories was considered as a primary task (Gatti et al.,
2022). The study employed three types of secondary tasks; visual search task, random
number generation, and no-cognitive load. Participants were asked to find a past event
after seeing the cue word while doing the secondary tasks. Interestingly, the study
found that the visual search task significantly slowed direct and generative episodic
retrieval while random number generation had no specific effect on retrieval time.
These and similar studies support the idea that measuring the speed of recollection of
episodic future thought and/or episodic memory tasks in dual-task paradigms can be a

reliable method.

2.3.3. Episodic Memory Task
The episodic memory task was adapted from previous studies (e.g. Addis et al., 2007,

D'Argembeau & van der Linden, 2006) and modified to use in the dual-task paradigm.
The procedure of this task was identical to the episodic future thought task except for
the instructions. In this task, the participants were asked to recall a memory from the
past related or unrelated to the cue word. As in the episodic future thinking task, the
participants were instructed to construct a specific event that happened at a specific

time and in a specific place.
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2.3.4. Phenomenological Questions
Participants were prompted with 13 questions about the vividness, sensory details,

emotional valence, etc. of the past and future events that they silently elaborated in
their minds for 30 seconds (e.g. “This is a vivid event” 1 =not at all, 7 = to a very high
degree; “As I imagine the event, I can see it in my mind” 1 = not at all, 7 = as clearly
as if it were happening now; “The emotions I have when I imagine the event are” (1 =
very negative, 7 = very positive, etc.,). Each question remained on the screen for a
maximum of 20 seconds. Participants answered the questions by pressing the 1-7 keys
on the top of the keyboard. The questions were modified according to temporal
direction (see Appendix C)

These questions are frequently used in the literature and aim to measure the
phenomenological characteristics of mental time travel (D'Argembeau & Van der
Linden, 2006; Akdere & Ikier, 2021; Ozbek et al., 2017; Ozbek et al., 2018). There are
also examples in the literature where episodic future thinking and episodic memory
tasks are performed silently and then their phenomenological characteristics are

measured (Addis et al., 2007; Janssen et al., 2021).

2.3.5. Automated Operation Span Task
To control individual differences in the central executive component and general

working memory capacity, an automated operation task was used (Unsworth et al.,
2005). In the task, the participants had to remember a series of letters (storage
component) while concurrently engaging in a cognitive task (verification of math
equation accuracy; processing component). After each decision on whether the math
equation was correct or not, a letter was presented for 800 ms, and the participants had
to memorize it for the following test. Each trial consisted of a set of three to seven
processing-storage components, followed by a memory test. In the memory test,
participants were presented with a 4x3 matrix containing all potential letters, and they
were instructed to select the letters in the correct sequential order by clicking on them.
If participants couldn't recall the exact order, they could press the “blank” button to
indicate the forgotten letter. The software automatically computed the average time
taken by participants to verify math equations in the practice stages and then added 2.5
standard deviations (SD) to this mean time to establish a time limit for each participant

in the experimental phase. The task consisted of three practice stages: 4 letter
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remembering trials (only storage), 15 math equation verification trials (only
processing), and 3 concomitant trials (storage and processing). Participants then
completed 15 experimental trials (varied from 3 to 7 set sizes for each trial). This task
has been repeatedly shown to measure working memory capacity reliably and validly

(Redick et al., 2012; Unsworth et al., 2005).

2.3.6. Demographical and Strategy Evaluation Form

The demographic questionnaire in this study includes questions about age, sex,
handedness, and whether they used any strategies during the experiment (see Appendix
D). The strategy questions aimed to check at the end of the experiment whether the
participants made a categorization or clustering while retaining the stimuli in the 2-
back task, whether they constructed the episodic future thought before seeing the cue
word, and whether they continued to construct while answering the questionnaire
question. We also asked our participants how long they slept last night and how many

hours before the experiment they had eaten.

2.4. Procedure

The experiment was programmed and conducted through E-Prime 2.0 Software. The
tasks were completed on the computer in the Psychology Laboratory and the
participants were tested individually. The completion of the task was approximately
45 minutes. All participants were seated in front of the computer and put the headset
on. Participants were randomly assigned to visual and verbal groups. Participants in
the verbal group heard the letters through headphones but participants in the visual
group did not hear any sound. All participants first filled out the informed consent
form. Afterward, they were informed about the study verbally and proceeded to the

experiment with written instructions. The study’s flowchart is presented in Figure 1.
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Figure 1. The flowchart of the study.
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The participants completed a practical and an experimental phase for each task. After
the successful completion of the practice phase, the experimental phase began in which
the actual measurements were taken. Initially, participants practiced single-tasks
before moving on to dual-tasks. In both single and dual-tasks, half of the participants
first received the episodic future thinking task, while the other half began with the
episodic memory task. Thus, potential effects that may have arisen from the order of

past and future tasks were prevented.

2.4.1. Single-task procedures
The single-task procedure started with the practice phase of the 2-back task. Both

written and visual instructions were used to help participants better understand the
task. After the instructions, participants completed 15 trials of the 2-back (4 targets, 11
non-targets). Participants who accomplished 80% of the 2-back trials proceeded to the
experimental stage where 20 trials of the 2-back (5 targets, 15 non-targets) were
presented. Those who did not meet the 80% criterion repeated the practice set with
additional instruction before moving to the experimental phase.

After completing the 2-back trials, the participants progressed to the practice phase of
the episodic future thinking or episodic memory task. In the practice phase,
participants were given written instructions and asked whether he/she understood the
task. Participants who did not understand the task were informed verbally again. When
the practice phase started, a fixation point appeared in the center of the screen, and
then a cue word was presented for a brief time. Immediately after the cue word

presentation, the fixation point reappeared and remained on the screen until the
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participant came up with a memory/future thought and pressed the "SPACE" key.
Following the button pressing, the screen turned to a blank white screen and the
participant briefly summarized the event out loud. The software recorded this summary
through the microphone. Then he/she was asked to elaborate on this event in his/her
mind. After the completion of the elaboration phase, phenomenology questions were
presented on the screen. Once the phenomenology questions were answered, the
experimental phase commenced, during which actual measurements were obtained.
The procedure of the experimental phase remained consistent with that of the practice
phase. Upon completion of this stage, the next task involved participants practicing for
the other task, either the episodic future thought or episodic memory task. This task
was the same as the previous task except the instructions given to the participant.

Following the single-task trials, participants progressed to the dual-task procedures.

2.4.2. Dual-task procedures

Participants initially began with either episodic memory or episodic future thinking
dual-task practice. In this task, participants were expected to try to perform two
different tasks they had learned concurrently (see Figure 2). The procedure started with
a practice stage comprising 20 trials of 2-back. While participants are engaged in the
2-back task, it briefly pauses, and a cue word is displayed in the center of the screen.
After the cue word presentation, the 2-back task started again. At this stage, the
participant tried to remember/imagine an event while trying to continue the 2-back
task. When an event came to the participant's mind, they pressed the "SPACE" key and
the 2-back task stopped again for a brief time. At this point, the participant summarised
the event in a few words while looking at the blank white screen, out loud. This
summary was recorded by E-prime through the microphone. Then the 2-back task
continued again. In the meantime, the participants were asked to continue to detail the
event in their minds while monitoring the 2-back sequence. Subsequently,
phenomenology questions were presented on the screen after the elaboration stage.
Following these questions, the practice phase concluded, and the experiment phase
began. The same procedure was applied in both the practical and experimental phases.
After completing the first stage (practice + experiment) of the dual-task, participants
proceeded to practice for the next dual-task stage (either episodic memory or episodic

future thinking). The procedures were the same as the previous stage except for the
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instruction given to the participant. Upon completing the final dual-task stage,
participants were asked to fill out the Demographic Information and Strategy
Evaluation Form. Subsequently, participants were given a short break before
commencing the new task. Lastly, participants performed the automated operation

task.

Figure 2. The dual-task procedure of the visual group.

F 500ms
F 500ms
1000ms
Caorrect trial
500ms 151 = 2500 ms

A blank screen appears on the screen
after pressing the "SPACEBAR",
and the participants are asked to provide at least 2-3 words
about the event.

After 30 seconds of elaboration,
the participant is prompted with phenomenology Scale
questions

CHAPTER 111

3. Results

3.1. Data Exclusion and Handling Missing Data
Four participants could not complete the operation span task and were excluded from

the analysis. To improve the reliability of our reaction time analyses, we excluded
cases where participants failed to report a past event (4 cases) or a future event (9

cases) after pressing the button in the single-task condition. Similarly, in the dual-task
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condition, we excluded cases where participants failed to report a future event (8 cases)
or a past event (7 cases) after pressing the button for the same purpose. We also
excluded the trials where participants reported a past event (4 cases) and a future event
(3 cases) before pressing the button in the single-task condition, as well as in the dual-
task condition of future thinking (1 case). Additionally, we removed outliers from the
dual-task of past remembering (11 cases) and future thinking (4 cases) to ensure
normality in our data. For phenomenology analyses, we excluded responses from a
total of 38 participants who did not report an event for any of the 14 scale questions in
the questionnaire?.

The proportion of missing values for the reaction times of the single-tasks of future
events and past events were 28.5% and 29.0%, respectively. Moreover, for the dual-
tasks involving both future and past events, these proportions were 18.1% and 18.7%,
respectively. The proportion of incomplete cases was 58.55%. Therefore, the study’s
sample size available under complete case analysis would only be eighty-seven
participants in total for reaction time and phenomenology analyses of three-way
covariance, which might have reduced the power of the study and thus led to biased
estimates?. Therefore, we addressed these missing values using the multiple imputation
technique®. IBM SPSS Statistics 21 was used for both the multiple imputation and

statistical analyses®.

3.2. Hypothesis Testing
In this section, we first test our hypotheses, and then present exploratory analyses.

Regarding the hypothesis testing, we first describe the reaction time data (the interval
between seeing the cue word and pressing the button) and probe the main effects and

interactions. Subsequently, we investigate phenomenology data, where participants

! We included trials where participants reported an event before pressing the button. The reason for
this inclusion was the assumption that the participants had indeed come up with an event but
remembered the button pressing only after reporting the event.

2 Analyzing only the participants who completed all trials (i.e. complete case analysis), might lead to
biased results due to the reduced power (.63), and could increase the type II error. However, for those
who might be interested, we also reported the complete case analyses in Appendix E.

3 The reason for these missing cases in our data is due to the limited number of trials. This issue will
be elaborated in the discussion.

4 We conducted imputation for each variable employing multiple chained equations (MICE) technique
5 times. Approximately 30 and 50 values imputed for dual and single-task conditions, respectively.
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evaluated the events that they reported. In the exploratory analyses, we examine the

effects of secondary tasks by comparing single-task and dual-task conditions.

3.2.1. Reaction Time
A three-way mixed ANCOVA was performed to investigate how visual and verbal

secondary tasks affect the reaction time for episodic future thinking and episodic
memory tasks while controlling the effect of working memory capacity. We first
centered the covariate as our experiment includes within-subject factor (Delaney &
Maxwell, 1981; Schneider et al., 2015). The descriptive statistics are summarized in
Table 1. There was no three-way interaction between temporal direction, task type and
group F(1, 185) = 3.20, p = .08, np> = .017. The three-way interaction between
temporal direction task type and operation span was also not significant F(1, 185) =
0.00, p = .99, ny> = .000. Two-way interaction analysis showed that there was an
interaction between groups (visual/verbal) and temporal directions F(1, 185)=6.10, p
<.05, np> =.032. Pairwise comparisons of the estimated marginal means indicated that
the reaction time for past events was longer in the visual group (M = 5503.84, SD =
215.809) than in the verbal group (M = 4877.67, SD = 206.66); p = .039, %95 C.I. =
[31.61, 1220.71]> Additionally, in the verbal group, it took more time to imagine future
events (M = 5692.48, SD = 254.30) than remembering past events (M = 4877.67, SD
=206.66); p <.001, %95 C.I. = [443.04, 1186.57]. The remaining two-way interactions
were not significant; temporal direction and task type F(1, 185) =0.57, p = .39, > =
.003, task type and group F(1, 185) = 0.07, p = .79, n,> = .000, temporal direction and
operation span F(1, 185) = 0.78, p = .38, n,*> = .004. We observed a main effect of
temporal direction F(1, 185) = 12.40, p = .001, > = .063. This analysis suggests that
imagining future events (M = 5666.1, SD = 182.25) were slower than remembering
past events (M = 5190.76, SD = 148.1). Lastly, the main effect of task type was also
significant F(1, 185) = 50.48, p < .001, n,> = .214. The time spent on finding an event
during the single-task condition (M = 6179.66, SD = 200) took more time compared
to dual-task condition (M = 4677.28, SD = 168.43)°C.

® The comparisons were Bonferroni-corrected in here as well as in other analyses.
® This unexpected finding is discussed in the discussion section.
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Overall, reaction time analyses showed that constructing future events took more
time than constructing past events, and this difference was particulary pronounced in
the verbal group (Fig. 1). Additionally, constructing past events were slower in the

visual group than verbal group.

Table 1. Descriptive statistics for reaction times.

Conditions Groups M SD N

Visual 6460.65 3170.6 90

Single-task Verbal 5536.01 2720.3 98

Total 5978.66 2972.8 188

Past

Events Visual 4568.17 2405.3 90
Dual-task Verbal 4199.94 2113.5 98

Total 4376.22 2259.3 188

Visual 6232.70 3577.2 90

Single-task Verbal 6488.63 3161.9 98

Total 6366.11 3360.5 188

Future

Events Visual 5114.76 2982.3 90
Dual-task Verbal 4834.18 2736.9 98
Total 4968.50 2852.8 188
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Figure 3. The differences in reaction time for events between groups.
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3.2.2. Phenomenology

A three-way mixed ANCOVA was performed to investigate how visual and verbal
secondary tasks affect the phenomenology of episodic future thinking and episodic
memory events while controlling the effect of working memory capacity. The

covariate was centered before running the analyses. The descriptive statistics are

summarized in Table 3.

Table 2. Descriptive statistics of phenomenology ratings.

Past Events Future Events

Single Dual Single

Items Groups M SO M SD M SD M

N

Visual 5.54 1527 545 1496 551 1348 5.40

Verbal 5.81 1.207 5.27 1.589 5.59 1.454 5.46

Vividness
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Pre/Re-
Experiencing

Visual
Imagery

Auditory
Imagery

Spatial
Imagery

Total

Visual

Verbal

Total

Visual

Verbal

Total

Visual

Verbal

Total

Visual

Verbal

Total

Visual

5.68

5.28

5.30

5.29

5.95

5.89

5.92

5.24

5.38

5.32

5.69

5.73

5.71

4.82

1.373

1.495

1.541

1.515

1.085

1.125

1.104

1.727

1.553

1.635

1.514

1.268

1.388

1.727

5.36

5.05

4.88

4.96

5.61

5.69

5.65

4.66

4.70

4.68

5.30

5.28

5.29

4.59

1.544

1.642

1.693

1.666

1.305

1.271

1.285

1.915

1.943

1.924

1.512

1.607

1.558

1.704

5.55

4.89

5.20

5.05

5.85

5.78

5.82

5.09

4.87

4.97

5.34

5.28

5.31

4.40

1.401

1.727

1.572

1.650

1.167

1.156

1.159

1.635

1.716

1.677

1.502

1.535

1.515

1.705

543

4.64

4.71

4.68

5.57

5.64

5.61

4.74

4.95

4.85

491

5.15

5.04

4.43

1.483

1.748

1.828

1.786

1.278

1.478

1.382

1.950

1.824

1.883

1.653

1.620

1.636

1.738

188

&9

98

187

90

98

188

90

98

188

90

98

188

90
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Emotional
Intensity

Valence

Personal
Importance

Voluntary
Rehearsal

Involuntary
Rehearsal

Verbal

Total

Visual

Verbal

Total

Visual

Verbal

Total

Visual

Verbal

Total

Visual

Verbal

Total

4.68

4.75

4.83

4.44

4.63

4.22

4.07

4.14

3.78

3.88

3.83

4.36

4.70

4.54

1.770

1.746

2.007

2.029

2.023

1.957

1.830

1.889

1.802

1.878

1.838

1.944

1.877

1.912

4.48

4.53

4.47

4.35

4.41

3.66

3.57

3.61

3.41

3.41

341

4.48

4.29

4.38

1.688

1.692

2.091

1.970

2.024

1.872

1.999

1.934

1.885

1.802

1.837

1.896

1.822

1.855

5.06

4.75

491

5.10

5.01

3.79

4.59

421

3.32

3.90

3.63

4.12

4.37

4.25

1.735

1.748

1.708

1.919

1.819

1.970

2.010

2.026

1.891

2.075

2.005

1.793

1.969

1.886

4.74

4.59

4.89

5.03

4.97

3.75

4.18

3.98

3.31

3.85

3.59

4.13

4.81

4.49

1.785

1.765

1.862

1.871

1.863

1.879

1.886

1.890

1.854

2.232

2.072

1.819

1.785

1.829

98

188

90

98

188

90

98

188

90

98

188

90

98

188
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Visual 5.69 1403 5.17 1.710 553 1211 5.17 1.611 90

Ease Of Verbal 5.80 1260 522 1.697 5.78 1319 532 1.680 98

Imagining

Total 5.75 1327 520 1.698 5.66 1271 525 1.645 188

Visual 3.33 2208 334 2382 3.73 2374 338 2314 &9

Imagery Verbal 3.28 2318 3.13 2345 3.52 2398 3.01 2.348 98

Perspective

Total 3.30 2.260 3.23 2359 3.62 2.383 3.18 2333 187

Visual 5.98 1538 5.68 1.847 5.61 1.608 575 1.524 90

Specificity  Verbal 6.11 1427 6.10 1.236 5.78 1373 5.68 1.511 98

Total 6.05 1479 590 1569 5.70 1.489 5.71 1.513 188

3.2.2.1. Vividness

The analysis results revealed no three-way interaction both between temporal
direction, task type, and operation span F(1, 185) = 0.94, p = .33, n,* = .005, as well
as between temporal direction, task type, and group F(1, 185) =2.07, p = .15, np° =
.011. There was also no two-way interaction effect; the interaction between temporal
direction and task type F(1, 185)=1.26, p = .26, n,> = .007, task type and group F(1,
185)=1.14, p = .28, n,*> = .006, task type and operation span F(1, 185)=0.43, p = .51,
np> = .002, temporal direction and group F(1, 185) = 0.50, p = .82, np> = .000 and
temporal direction and operation span F(1, 185)=0.31, p = .57, np> = .002. The main
effect of task type was significant F(1, 185) =4.78, p < .05, n,> = .025. The participants

rated less vividness for the events they imagined in the dual-task condition (M = 4.76,
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SD = .11) than in the single-task condition (M = 5.14, SD = .07). Lastly, there was no
main effect of temporal direction F(1, 185) = 0.73, p = .39, n,> = .004. These results
suggest that only the type of task affects the vividness of the events, indicating that
dual-tasking decreases the vividness of the events regardless of the temporal direction

and the group (visual/verbal).

3.2.2.2. Pre/Re-experiencing

The analysis showed no three-way interaction between temporal direction, task type
and group F(1, 184) = 0.21, p = .64, np> = .001. The three-way interaction between
temporal direction, task type and operation span were significant F(1, 184) =16.90, p
< .05, np> = .041. The two-way interaction between temporal direction and task type
was not significant F(1, 184) = 0.68, p = .79, np> = .000, suggesting that the interaction
between temporal direction and task type is only observed with the effect of operation
span. To delve into this interaction, we categorized operation span as “high working
memory capacity” and “low working memory capacity” using a median split and re-
run the three-way interaction analysis. The analysis revealed a three-way interaction
between temporal direction, task type and categorized operation span F(1, 185) =15.40,
p < .05, n,? = .028. Pairwise comparisons revealed that in the single-task condition,
participants with low working memory capacity rated future events (M = 4.85, SD =
.17) lower than past events (M = 5.27, SD = .16) in pre/re-experience (p < .05, %95
C.I. = [-.81, -.02]). The same pattern were also observed in the dual-task condition
among participants with higher working memory capacity. The results showed that in
the dual-task condition, participants with higher working memory capacity rated future
events (M = 4.51, SD = .19) lower than past events (M = 5.11, SD = .17) in pre/re-
experience (p < .05, %95 C.I. = [-1.059, -.140]). Additionally, the participants with
higher working memory capacity rated less pre-experience in future events in the dual-
task condition (M = 5.26, SD = .17) compared to single-task condition (M = 4.51, SD
=.19); p <.05, %95 C.I. = [-1.152, -.358]. Lastly, those with lower working memory
capacity rated past events as less re-experienced in the dual-task condition (M = 4.82,
SD = .17) compared to to the single-task condition (M =5.27, SD = .16); p < .05, %95
C.I.=[-.891, -.001].

Overall, it appears that pre-experiencing future events is more difficult than re-

experiencing past events, and the dual-task cost impacts pre/re-experiencing future and
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past events differently depending on one’s working memory capacity (Fig. 2).
Accordingly, participants with lower working memory capacity were affected by the
dual-task cost for past events but not for future events. Conversely, those with higher
working memory capacity were affected by the dual-task cost for future events but not

for past events.

Figure 3. Illustration of the three-way comparison of pre/re-experiencing ratings across low

and high working memory capacity groups.
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* p < .05; *** p < .001

The two-way interactions between temporal direction and task type F(1, 184) = 0.06,
p=".79, > = .000, task type and group F(1, 184) = 0.96, p = .32, np> = .005, task type
and operation span F(1, 184) = 0.00, p = .94, np> = .000., temporal direction and group
F(1, 184) = 2.00, p = .15, n,> = .011 and temporal direction and operation span F(1,
184) = 1.48, p = .23, np> = .008., were not significant. The main effect of task type was
significant F(1, 184) = 10.33, p < .01, np> = .053. Pairwise comparisons showed that
the participants rated more pre/re-experiencing in the single-task condition (M =5.17,
SD = .09) than in the dual-task condition (M = 4.82, SD = .10). The main effect of
temporal direction was also significant F(1, 184) = 5.96, p < .05, n,> = .031.
Accordingly, the participants rated less pre-experience for future events (M =4.86, SD
= .10) than past events (M = 5.13, SD = .09). The results suggest that the feeling of
pre-experiencing decreases when there is relatively high cognitive demand, and

individuals pre-experience future events worse than they re-experience past events.
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3.2.2.3. Visual Imagery
There were no three-way interaction effect for both temporal direction, task type and

group F(1, 185) = 0.02, p = .89, np> = .000, and temporal direction, task type and
operation span F(1, 185) = 0.68, p = .41, n,> = .004. Two-way interactions were also
not significant; temporal direction and task type F(1, 185) = 0.76, p = .76, np,> = .001,
task type and group F(1, 185)=0.49, p = .49, n,> = .003, task type and operation span
F(1,185)=1.11, p = .29, np> = .006, temporal direction and group F(1, 185)=0.03, p
= .87, np> = .000, and lastly temporal direction and operation span F(1, 185) = 0.20, p
= .65, np> = .001. There was a main effect of task type F(1, 185)=10.42, p =.001, np°
= .053. Accordingly, the participants rated less visual imagery for the events they
imagined/remembered in the dual-task condition (M = 5.63, SD = .08) than in the
single-task condition (M = 5.86, SD = .06). The main effect of temporal direction was
not significant F(1, 185) = 0.89, p = .35, n,*> = .005. It appears that visual imagery is
only influenced by the type of task, indicating that the dual-task cost decreases visual

imagery, regardless of the temporal direction and the group (visual/verbal).

3.2.2.4. Auditory Imagery
There were no three-way interaction effect for both temporal direction, task type and

group F(1, 185) = 2.18, p = .14, np> = .012, and temporal direction, task type and
operation span F(1, 185) = 0.55, p = .46, n,*> = .003. There was a significant two-way
interaction between temporal direction and task type F(1, 185) = 6.46, p < .05, > =
.034. Pairwise comparisons revealed that participants rated less auditory imagery for
past events in the dual-task condition (M = 4.68, SD = .14) compared to the single-task
condition (M =5.31, SD = .11); p <.001, %95 C.I. = [-.92, -.34]). Additionally, in the
single-task condition, future events (M =4.98, SD = .12) were experienced with lower
auditory imagery than past events (M = 5.31, SD = .12); p < .05, %95 C.I. = [-.92, -
34].

The remaining two-way interactions were not significant; task type and group F(1,
185)=0.39, p = .53, n,* = .002, task type and operation span F(1, 185)=0.85, p = .36,
np> = .005, temporal direction and group F(1, 185) = 0.12, p = .73, np> = .001, and
temporal direction and operation span F(1, 185)=0.31, p = .58, np> = .002. The main
effect of task type was significant F(1, 185) = 14.24, p < .001, np> = .072. Accordingly,

the participants rated less auditory imagery for the events they remembered/imagined
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in the dual-task condition (M = 4.77, SD = .12) than in the single-task condition (M =
5.15, SD = .10). The main effect of temporal direction was not significant F(1, 185) =
0.73, p = .39, np* = .004.

Taken together, these results suggest that participants experienced events with less
auditory details in the dual-task condition compared to the single-task condition (Fig.
3). This difference was more pronounced when participants engaged in the past
remembering task, indicating that individuals experienced fewer auditory details in
their past events during dual-tasking compared to single-tasking. Furthermore,
comparisons within the single-task condition revealed that future events were

experienced with lower auditory details than past events.

Figure 4. Illustration of differences in auditory imagery of past and future events between

single and dual-task conditions.

7,00

6,00 * % %

5,00

4,00

3,00

2,00

1,00

0,00
Past Future

B Single Task Dual Task

* p < .05; *** p < .001

3.2.2.5. Spatial Imagery
The analysis showed no three-way interaction between temporal direction, task type

and group F(1, 185) = 0.80, p = .37, np> = .004. The three-way interaction between
temporal direction, task type and operation span was also not significant F(1, 185) =
0.02, p = .97, np? = .000. Two-way interactions were also not significant; temporal
direction and task type F(1, 185) = 0.50, p = .48, np> = .003; task type and group F(1,
185)=0.29, p = .59, n,*> = .002, task type and operation span F(1, 185)=0.05, p = .83,
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1p? = .000, temporal direction and group F(1, 185)=0.22, p = .64, n,> = .001, temporal
direction and operation span F(1, 185) = 0.27, p = .60, n,> = .001. The main effect of
task type was significant (1, 185)=12.03, p =.001, n,*> = .061. The participants rated
less spatial imagery for the events they remembered/imagined in the dual-task
condition (M = 5.16, SD = .09) than in the single-task condition (M = 5.51, SD = .08).
The main effect of temporal direction was also significant F(1, 185) =9.92, p < .01,
np> = .051. Accordingly, future events (M = 5.17, SD = .09) were rated with less spatial
imagery than past events (M = 5.50, SD = .08). These results indicate that participants
experienced events with less spatial imagery during dual-tasking compared to single-

tasking. Furthermore, future events contained less spatial imagery than past events.

3.2.2.6. Valence
There were no three-way interaction effect for both temporal direction, task type and

group F(1, 185) = 0.09, p = .77, ny*> = .000, and temporal direction, task type and
operation span F(1, 185) = 1.17, p = .19, np> = .009. Two-way interactions were also
not significant; temporal direction and task type F( (1, 185)=10.41, p = .52, np> = .002,
task type and group F(1, 79) = 0.41, p = .52, n,> = .002, task type and operation span
F(1, 185) = 0.06, p = .80, np> = .000, temporal direction and group F(1, 185)=2.45, p
= .12, mp*> = .013, and temporal direction and operation span F(1, 185)=0.07, p = .79,
np” = .000. There was a main effect of temporal direction F(1, 185)=11.63, p =.001,
np” = .059. Accordingly, the participants rated the future events (M = 4.98, SD = .09)
more positively than the past events (M =4.52, SD = .11). The main effect of task type
was not significant F(1, 185) = 0.94 p = .33, n,> = .005. It appears that future events
were experienced more positively than past events, regardless of task type and group

(visual/verbal).

3.2.2.7. Emotional Intensity
The analysis showed no three-way interaction between temporal direction, task type

and group F(1, 185) = 0.55, p = .46, n,> = .003. The three-way interaction of temporal
direction, task type and operation span task was also non-significant F(1, 185) = 0.09,
p = .92, 1> = .000. There was a significant two-way interaction between temporal
direction and group F(1, 185) = 7.73, p < .01, np,> = .040. Pairwise comparisons
revealed a significant group difference, suggesting that the visual group (M =4.41, SD
=.14) rated less intensity than the verbal group (M =4.91, SD = .13) for future events
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(p < .05, %95 C.I. = [-.868, -.121]). Additionally, past events (M = 4.58, SD = .13)
rated with less intensity compared to future events (M = 4.90, SD = .13) in the verbal
group (p < .05, %95 C.I. =[-.627, -.023]).

There were no other two-way interactions; temporal direction and task type F(1, 185)
=0.77, p = .78, np> = .000, task type and group F(1, 185) = 0.52, p = .47, n,*> = .003,
task type and operation span F(1, 185) = 0.23, p = .64, n,> = .001, temporal direction
and operation span F(1, 185) = 0.05, p = .83, np> = .000. The main effect of temporal
direction F(1, 185) = 0.02, p = .89, np> = .000, and task type F(1, 185) =2.08, p = .15,
np? = .011 were also not significant.

The findings suggest that future events were experienced with less emotional
intensity in the visual group compared to the verbal group (Fig. 4). Conversely, in the
verbal group, past events were experienced with less emotional intensity compared to

future events.

Figure 5. Interaction between temporal direction and group in terms of emotional intensity.
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3.2.2.8. Personal Importance
The analysis results revealed no three-way interaction both between temporal

direction, task type, and operation span F(1, 185) = 0.65, p = .80, n,*> = .000, as well
as between temporal direction, task type, and group F(1, 185) = 0.85, p = .36, > =
.005. There was a two-way interaction between temporal direction and group F(1, 185)
=7.34, p < .01, np> = .038. Pairwise comparisons showed that, past events (M = 3.82,
SD = .15) were rated as less personally important than future events (M =4.37, SD =
.15) in the verbal group (p <.05, %95 C.I. =[-.908, -.202]), but not in the visual group.
Moreover, future events were rated as less important in the visual group (M =3.79, SD
=.15) than in the verbal group (M = 4.37, SD = .15); p < .05, %95 C.I. = -.1.007, -
.166].

There were no other two-way interactions; the interaction between temporal
direction and task type F(1, 185) = 1.52, p = .22, n,*> = .008, task type and group F(1,
185)=0.27, p = .61, 1> = .001, task type and operation span F(1, 185)=0.03, p = .86,
Np> = .000, and temporal direction and operation span F(1, 185) = 0.40, p = .53, 0, =
.002. The main effect of task type was significant (1, 185)=7.39, p <.01,n,> =.038.
The events were rated as less important in the dual-task condition (M =3.79, SD = .11)
than in the single-task condition (M = 4.17, SD = .11). Lastly, the main effect of
temporal direction was not significant F(1, 185) =2.43, p=.12, n,> = .013.

These results suggest that past events were rated as less personally important than
future events in the verbal group. Additionally, future events were perceived as less
important in the visual group compared to the verbal group (Fig. 5). Lastly, the events
were rated as less important in the dual-task condition compared to the single-task

condition, regardless of their temporal direction.
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Figure 6. Differences in personal importance of events between visual and verbal groups.
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3.2.2.9. Ease of Imagining/Remembering
There were no three-way interaction effect for both temporal direction, task type and

group F(1, 185) = 0.02, p = .88, ny> = .000, and temporal direction, task type and
operation span F(1, 185) = 0.08, p = .78, 0> = .000. Two-way interactions were also
not significant; temporal direction and task type F(1, 185) = 0.55, p = .46, n,> = .003,
task type and group F(1, 185)=2.26, p = .13, n,> = .028, task type and operation span
F(1,185)=0.15, p = .70, np> = .001, temporal direction and group F(1, 185)=0.44, p
=.51, np*> = .002, and temporal direction and operation span F(1, 185)=0.25, p = .62,
np> = .001. There was a main effect of task type F(1, 185) =23.04, p <.001, n,> = .111.
Pairwise comparisons revealed that participants found it more difficult to
remember/imagine events in the dual-task condition (M = 5.22, SD = .10) than in the
single-task condition (M = 5.70, SD = .07). The main effect of temporal direction was
not significant F(1, 185) = 0.47, p = .83, 1> = .000.

3.2.2.10. Specificity
There were no three-way interaction effect for both temporal direction, task type and

group F(1, 185) = 1.48 p = .23, np? = .008, and temporal direction, task type and
operation span F(1, 185) = 3.29, p = .07, n,> = .017. Two-way interactions were also

not significant; temporal direction and task type F(1, 185) = 1.01, p = .32, np> = .005,
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task type and group F(1, 185)=0.08, p = .76, n,> = .000, task type and operation span
F(1,185)=0.73, p = .39, np> = .004, temporal direction and group F(1, 185)=0.89, p
=35, np> = .005, and temporal direction and operation span F(1, 185) =0.36, p = .55,
np> = .002. The main effect of temporal direction was significant F(1, 185) = 6.28, p <
.05, np? = .033. The specificity of future events (M = 5.71, SD = .09) was lesser than
that of past events (M =5.97, SD = .09). The main effect of task type was not significant
F(1,185)=0.64, p = .43, 1,> = .003.

3.2.2.11. Imagery Perspective
No three-way interaction were observed both between temporal direction, task type,

and operation span F(1, 184) = 0.61, p = .44, np? = .003, and between temporal
direction, task type, and group F(1, 184) = 0.02, p = .90, n,> = .000. Two-way
interactions were also not significant; the interaction between temporal direction and
task type F(1, 184) = 1.65, p = .20, np> = .009, task type and group F(1, 184)=0.38, p
= .54, np> = .002, task type and operation span F(1, 184) = 0.35, p = .55, n,> = .002,
temporal direction and group F(1, 184) = 0.26, p = .61, n,> = .001, and temporal
direction and operation span F(1, 184) = 0.01, p = .97, n,*> = .000. The main effects
were also not significant for both temporal direction F(1, 184) = 0.76, p = .39, 0> =
.004 and task type F(1, 184) =2.58, p =11, n,*> = .014.

3.2.2.12. Voluntary Rehearsal
There were no three-way interaction effect for both temporal direction, task type and

group F(1, 185) = 0.01, p = .93, np> = .000, and temporal direction, task type and
operation span F(1, 185) = 0.03, p = .86, 1> = .000. Two-way interactions were also
not significant; temporal direction and task type F(1, 185) =2.16, p = .14, n,> = .012,
task type and group F(1, 185)=0.04, p = .85, np,> = .000, task type and operation span
F(1,185)=0.25, p = .62, np> = .016, temporal direction and group F(1, 185)=2.98, p
= .52, np> = .005, and temporal direction and operation span F(1, 185)=0.95, p = .09,
np” = .016. The main effects were also not significant; task type F(1, 185)=3.09, p =
.08, np? = .016, temporal direction F(1, 185) = 0.30, p = .86, np> = .000.

3.2.2.13. Involuntary Rehearsal
The analysis showed no three-way interaction of temporal direction, task type and

group F(1, 185) = 3.53, p = .06, np> = .019. The three-way interaction of temporal

direction, task type and operation span was also not significant F(1, 185)=0.73, p =
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40, np? = .004. Two-way interactions were not significant; the interaction between
temporal direction and task type F(1, 79) =2.60 p = .11, 1,*> = .014, task type and group
F(1, 185) = 0.04, p = .85, np> = .000, task type and operation span F(1, 185) = 0.04, p
= .85, np> = .000, temporal direction and group F(1, 185) =2.78, p = .10, n,*> = .015,
and temporal direction and operation span F(1, 185) = 0.19, p = .67, np> = .001. The
main effect of task type F(1, 185) = 0.14, p = .70, n,> = .001, and direction F(1, 185)
=0.84, p = .36, np> = .005 were also not significant

3.3. Further Analyses

3.3.1. 2-back Reaction Time
A mixed ANOVA was conducted to compare reaction times to 2-back stimuli in

single and dual-task conditions (averaged across temporal direction) between groups
(verbal/visual) to investigate whether there are differences between groups in terms of
reaction times for the secondary task and to further explore the dual-task cost on
reaction time for the secondary task. The descriptive statistics are shown (Table 4).
The two-way interaction of task type and group was significant F(1, 181)=10.61,p =
.001, np? = .055. Pairwise comparisons showed that reaction time to verbal 2-back
stimuli was higher than visual stimuli in both single-task (p <.001, %95 C.I. = [94.79,
269.99]); and dual-task conditions (p < .001, %95 C.I. = [267.43, 442.59]).
Furthermore, in the verbal group, the reaction time was higher in the dual-task
condition than in the single-task condition (p < .01, %95 C.I. = [29.86, 174.05]), but
not in the visual group. The main effect of task type was not significant F(1, 181) =

0.35, p = .55, np> = .002.

Table 3. Descriptive statistics of reaction times.

Reaction times (to hits only)

Conditions Groups M SD N
Visual 771.2 312.6 87
Single-task Verbal 953.5 287.9 96
Total 866.8 312.7 183
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Visual 700.5 2424 87

Dual-task Verbal 1055.5 343.7 96

Total 886.7 347.9 183

3.3.2. 2-back Accuracy
A mixed ANOVA was conducted to compare accuracies of 2-back stimuli in single

and dual-task conditions (averaged across temporal direction) between groups
(verbal/visual) to investigate whether there are differences between groups in terms of
accuracies for the secondary task and to further explore the dual-task cost on
accuracies for the secondary task. D-prime (d') scores were calculated for the trials.
The descriptive statistics are shown (Table 5). There was a significant two-way
interaction between task type and group F(1, 181)=9.98, p = .002, 1,2 = .052. Pairwise
comparisons revealed that the visual group’s accuracy was lower than verbal group’s
accuracy in the single-task condition, but not in the dual-task condition (p <.001, %95
C.I. = [-.846, -.258]). Moreover, the accuracy of the verbal 2-back task in the dual-task
condition was lower than in the single-task condition (p < .001, %95 C.I. = [-.709, -
.259]), but not for the visual 2-back task. The main effect of task type was also
significant F(1, 181)=7.31, p <.01, n,*> = .039. The accuracy in the dual-task condition
was lower than in the single-task condition (p <.01, %95 C.I. = [-.386, -.060]).

Table 4. Descriptive statistics of accuracies.

Accuracy (d")
Conditions Groups M SD N
Visual 2.66 1.14 87
Single-task Verbal 3.21 .87 96
Total 2.95 1.04 183
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Visual 2.70 .88 87

Dual-task Verbal 2.73 .66 96

Total 2.71 17 183

Taken together, these findings indicate that people spend more time reacting to
auditory stimuli than visual stimuli, in both single and dual-task conditions. It is often
assumed that accuracy decreases as reaction time increases in n-back tasks, especially
with the increase of task difficulty (Meule, 2017). Interestingly, only the verbal 2-back
task showed increased reaction time and decreased accuracy in the dual-task condition
compared to the single-task condition. One might argue that the verbal working
memory task used in this study is more cognitively demanding than the visual working
memory task. This may be inferred from the longer reaction time for verbal stimuli
compared to visual stimuli in the single-task condition and the sensitivity of verbal
stimuli to the cognitive load of dual-tasking. However, in our study, although verbal
2-back task showed higher reaction time in the single-task condition, we also observed
lower accuracy for visual 2-back task than verbal 2-back in the same condition. This
reversed pattern may stem from differential correlates of these measures (Meule,
2017). For instance, Jaeggi et al. (2010) found that fluid intelligence was correlated
with the accuracy of visuospatial and verbal n-back tasks, but not with reaction time.
Additionally, in the visuospatial n-back task, reaction time positively correlated with
forward digit and reading span scores, but not with accuracy. Therefore, the cognitive
processes involved in determining reaction time and accuracy performances in verbal
and visual 2-back tasks most likely be utilized differently. To uncover this reversed
pattern observed in our study, the correlations were examined between operation span
score and reaction time and accuracy in the single-task condition. The analysis showed
a positive correlation between operation span and accuracy in the single-task condition
r(188)=.19, p <.01, and in the dual-task condition #(181) =.16, p <.05, but operation
span did not correlate with any reaction time measures. It appears that working
memory capacity is linked to the accuracy of 2-back tasks regardless of the task
condition, whereas it does not correlate with reaction times. Therefore, it is difficult to

conclude whether there is a cognitive load difference between visual and verbal 2-back
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tasks, as these measures exhibited reverse patterns, which might be influenced by

several factors’.

CHAPTER 1V

4. Discussion

The aim of this study was to investigate whether visual and verbal components of
working memory contribute differently to episodic future thinking and whether
component utilization differs across temporal directions while controlling the effects
of working memory capacity. To this end, we conducted an experiment using a novel
dual-task paradigm. Participants were asked to remember a personal past event or
imagine a personal future event (primary tasks), while simultaneously performing
either visual or verbal 2-back tasks (secondary tasks), in single and dual-task
conditions. We analyzed the reaction times for event constructions during the 2-back
tasks, as well as the phenomenological ratings of the events remembered/imagined
during dual-tasking.

Our discussion will begin with the comparison of remembering past and imagining
future events, delving into constructive episodic simulation hypothesis. Subsequently,
we will investigate the effect of general cognitive load on remembering/imagining
events. We will discuss the effects of dual-tasking on past and future events, probing
the impact of cognitive load on both episodic future thinking and episodic memory.
Firstly, we will argue the underlying reasons as to why cognitive load did not diminish
the constructions of those events. Then, the effect of dual-task cost will be discussed
at the subjective level, explaining the detrimental impact of cognitive load on the
phenomenology of episodic future thinking and episodic memory. Subsequently, we
will delve into the differences between episodic future thinking and episodic memory,
and probe the effects of modality-specific (visual and verbal) cognitive load on these

events. We will discuss the differences between these temporal directions in terms of

" The number of correct trials in the single (4 targets) and dual-task conditions (2 targets) was also
insufficient to draw conclusions regarding significant differences in reaction times and accuracies
between these tasks as the variance is relatively narrow.
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phenomenological experiences, followed by a comparison of the constructions of these
events.
Remembering Past and Imagining Future Events

We expected that constructing future events would be a slower process than
remembering past events, as these future events require the flexible recombination of
episodic details stored in episodic memory, which results in additional cognitive
demand. Our findings supported this prediction, revealing that constructing a future
event took more time than remembering a past event. These results are in line with the
constructive episodic simulation hypothesis, suggesting that future thinking taxes
more cognitive resources and requires more relational processing than past
remembering (Addis & Schacter, 2007; Roberts, Schacter & Addis, 2016; Anderson,
Dewhurst & Nash, 2012; Wiebels et al., 2020; E1 Haj & Lenoble, 2018; Zavagnin et
al., 2016; Arnold, McDermott, & Szpunar, 2011). It appears likely that constructing
future events necessitates inhibiting a wide range of unnecessary information arrays,
since these events can be created from any combination of this array, resulting in
additional cognitive demand compared to remembering the past, which only requires
retrieving a specific combination of information. Moreover, our results revealed that
imagining future events was perceived as less pre-experienced compared to past
events. Interestingly, this pattern was more pronounced among the participants with
lower working memory capacity, revealing that these participants felt less pre-
experience for future events compared to past events. It seems that episodic future
thinking places demands on cognitive resources associated with working memory
capacity, and lower levels of working memory capacity may limit individuals' feeling
of pre-experiencing future-oriented events more than re-experiencing past events.
Furthermore, we also found that future events were rated as less specific than past
events. This finding dovetails with studies showing poorer specificity for future events
compared to past events (Ozbek et al., 2017; Anderson & Dewhurst, 2009; Addis et
al., 2008). Although a decline in working memory is an indicator of poor specificity
of both past and future events (Addis et al., 2008; Addis et al., 2010; Gaesser et al.,
2011; Cole et al., 2013; Zavagnin et al., 2016; Piolino et al., 2010), it appears that
future thinking requires more relational processing and more executive functioning

than past remembering, and thus contains fewer details than past events. This
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difference in specificity appears to be more nuanced in spatial details, as future events
were experienced with less spatial imagery. This finding is in alignment with the
studies that demonstrate fewer sensory details for future events than past events
(D’Argembeau & Van der Linden, 2004; Addis et al., 2008; Berntsen & Bohn, 2010).
The constructive demand of future thinking, therefore, might impede individuals'
capacity to create specific future events compared to past events, thus results in poor
sensory details and less pre-experience.

We also observed that future events were rated as more positively valenced than past
events. This pattern points to the well-known phenomenon of positivity bias in future
thinking (Salgado & Berntsen, 2019; D’ Argembeau & Van Der Linden, 2004). People
tend to perceive the future more positively than the past, possibly due to the self-
enhancement function of imagining positive events or the ease of finding a positive
event from the future. D’ Argembeau and Linden (2004) showed that participants could
easily access positive future events rather than negative ones, allowing them to create
a clear and rich representation of the future in an experimental setting. Therefore, in
our experiment, which requires considerable cognitive demand, participants may have
been inclined to imagine a positive future event as it would be easier than imagining
negative future events.

Constructing Past and Future Events Under Cognitive Load

We initially expected to find a detrimental effect of cognitive load on constructing
past and future events, assuming that the load would tax cognitive resources and make
it difficult to construct an event. Surprisingly, the participants were faster at
constructing events under cognitive load (dual-task) than in the absence of cognitive
load (single-task). At first glance, one would expect an increase in reaction time
latency in constructing events under cognitive load, as that load would compete with
constructing events for cognitive resources. However, this impairment can be
mitigated after single-task practices, due to the phenomenon called dual-task practice
advantage (DTPA) (Strobach & Schubert, 2016; Strobach, 2020). Numerous studies
have shown a practice-related reduction in dual-task cost (please see for a detailed
review Strobach & Schubert, 2016; Strobach, 2020). For example, Schumacher et al.
(2001) observed longer reaction time latency during single-task phases compared to

dual-task phases, implying that extended practice leads to reduced dual-task costs
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through optimization of time-sharing between tasks (please see Strobach & Schubert,
2016; Tombu & Jolicoeur, 2004). In our experiment, the participants first completed
the single-tasks (including practice and experimental stages) which may have
contributed to their familiarity with the primary task. Therefore, the decreased reaction
time in the dual-task conditions could be attributed to this familiarity, as the
participants had already constructed events four times during the single-task stages
before performing the dual-tasks. Since the participants were unfamiliar with the
experiment at the beginning, their single-task performance might have been worse than
their dual-task performance. However, we observed the DTPA only in the reaction time
data. The events remembered/imagined under cognitive load were impaired in their
phenomenological experiences due to this load. These events were characterized by a
lesser sense of pre/re-experience, less vivid and poorer visual, spatial, and auditory
imagery, and were perceived as less important and more difficult to remember or
imagine. Below, we discuss the impact of cognitive load on the phenomenology of
remembering past events and imagining future events in more detail.
Phenomenological Experiences Under Cognitive Load

We expected cognitive load to impair the phenomenological experiences of the
events due to the competition for cognitive resources. The findings revealed that
cognitive load has a detrimental impact on vividness, pre/re-experiencing, visual
imagery, auditory imagery, spatial imagery, personal importance, and ease of
remembering/imagining. It appears that cognitive load diminishes the subjective
feeling of remembering/imagining events, making these events more difficult to
mentalize. These results contradict with the study of Anthony et al. (2023), which
showed that dual-task cost did not affect the phenomenology of autobiographical
memories. In their study, the participants recalled memories simultaneously under
three different conditions: tracking a moving dot, watching dynamic visual noise
(DVN), and looking at a blank screen as a control condition. Once an event come up
the participants’ mind, they pressed a specified button, and described their memories.
One important point is that the secondary tasks were only presented during the retrieval
phase. Thus, the participants did not attend a secondary task after they indicated the
event was found. The authors explained these results, suggesting that the cost of the

secondary task on phenomenological features was reduced because participants had
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sufficient time to elaborate on the event in the absence of the secondary task. In our
study, we had our participants perform two tasks simultaneously and asked them to
elaborate on the events while engaging in the secondary task, thus better capturing the
effect of the secondary task on imagining/remembering events.

Interestingly, we found that higher levels of working memory capacity were not
sufficient to alleviate the cognitive load of dual-tasking on future thinking. Participants
with higher working memory capacity rated these events as less pre-experienced under
cognitive load compared to when there was no cognitive load. This may point out the
need for additional cognitive resources on top of working memory capacity to pre-
experience future events, such as visuospatial information processing. For example, in
a study employing a similar procedure we used in our study (de Vito et al., 2015), the
participants had to perform three types of secondary tasks (focusing on a moving dot,
hand tapping, and free viewing) while concurrently performing episodic future
thinking or episodic memory tasks. The participants were asked to recount these events
while engaging the secondary tasks. Their results indicated that voluntary eye
movements disrupt the episodic future thinking in imagining details about events,
places, and emotions, but had no effect on episodic memories. Since hand-tapping task
did not affect the phenomenology of those events, it can be inferred that performing
voluntary eye movements disrupt the phenomenological quality of future events. This
result can be explained by the resource competition between voluntary eye movements
and visuospatial information processing (de Vito et al., 2014; Postle et al., 2006). It
appears that future thinking relies on visuospatial information processing and is thus
disrupted by visuospatial cognitive load, indicating that working memory capacity
alone is not sufficient.

Constructing Past and Future Events Under Modality-Specific Cognitive Load

Our main hypothesis was imagining future events while performing a visual working
memory task would result in higher reaction times compared to performing a verbal
working memory task. However, our results contradict with this hypothesis, showing
that modality-specific cognitive load did not affect the construction of future events
differently. The other anticipation was that visual working memory task would
interfere with constructing future events more than past events, leading to a higher

reaction times. However, we also did not observe any difference between constructing
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past and future events under visual working memory load. Interestingly, our results
showed a greater reaction time latency for constructing future events compared to
recalling past events while performing a verbal working memory task. This finding
points out the role of verbal information processing during future event construction
and is in alignment with the studies’ findings demonstrating this connection in
preschoolers (Ferretti et al. 2017; Atance et al., 2019; Cuevas, Rajan, Morasch & Bell,
2015; Naito & Suzuki, 2011). In this regard, our findings represent the first evidence
of the involvement of verbal working memory in episodic future thinking within a
younger adult sample, as compared to episodic memory. One possible, but unlikely,
explanation for this result could have emerged due to our experimental paradigm itself.
In this paradigm, participants were asked to promptly provide at least three or two
words after pressing the specified key to indicate an event that came to their mind,
aloud. Before orally reporting it, the load on verbal working memory may have
interfered with the production of spoken reports. However, this explanation raises the
question of why this pattern was only observed in the combination of future thinking
and verbal working memory tasks, as we found no evidence of differences between
visual and verbal, or episodic memory and verbal working memory combinations.
Therefore, additional explanations are needed.

The other explanation would be the semantic organization of the future events.
Studies suggest that semantic knowledge is crucial for creating future events, as it
provides a scaffold within which episodic details can be organized to generate novel,
specific future events (Irish et al., 2012). This semantic scaffolding appears to be more
important for future events compared to past events. For example, individuals with
semantic dementia, which is characterized by severe impairments in semantic
knowledge, can construct past events better than future events. Therefore, performing
the verbal working memory task while trying to construct a future event might have
interfered with the semantic organization of the event before reporting it, as the
participants first had to organize general personal knowledge to construct a specific
future event (D’argembeau & Mathy, 2011). Thus, it is possible that the verbal working
memory task disrupted the semantic organization of future events more than past

events, where semantic relations were already established.
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Since we did not find any difference between visual and verbal working memory
load in constructing future events, the most probable explanation for that result would
stem from the connection between visual working memory and past remembering. Our
findings indicate that remembering past events while performing a visual working
memory task is a lengthier process than performing a verbal working memory task.
This finding is in line with the studies showing the crucial role of visual working
memory during past remembering (Brewer, 1988; Conway, 2009; Rubin, Schrauf &
Greenberg, 2003; Rubin, 2005; 2006; Gatti et al. 2022; Anderson et al., 2017; Sheldon
et al., 2019). Rubin and colleagues (2003) showed that the more vivid the visual
information in a particular memory, the stronger the episodic recall, which involves
the feeling of reliving that moment by returning to a specific moment in the past. The
studies employing dual-task paradigms also demonstrated the role of visual working
memory in past remembering, indicating that visual cognitive load made it difficult to
come up with a past event (Gatti et al., 2022; Anderson et al., 2017; Sheldon et al.,
2019; Anthony et al., 2023). Therefore, our findings are in alignment with the
literature, and demonstrate the important role of visual working memory in
constructing past events. The importance of visual working memory in constructing
past events may explain why we observed differences between past and future events
under verbal working memory load. It is likely that the construction of past events was
not affected by verbal working memory load to the same extent as it was for future
events, highlighting the distinct role of visual working memory in constructing past
events. Therefore, the explanation for why verbal working memory load interferes
more with future events than with past events may lie in this distinct role, rather than
in the distinct role of verbal working memory in constructing future events. Ultimately,
working memory components seemed to contribute to constructing future events to a
similar extent, but visual working memory is more heavily utilized during past event
construction.

Phenomenological Experiences Under Modality-Specific Cognitive Load

Our main hypothesis was imagining future events while performing a visual working
memory task would result in poorer phenomenological evaluations compared to
performing a verbal working memory task. We supported this hypothesis, showing that

visual working memory load disrupts the emotional intensity and personal importance
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of future events to a greater extent than verbal working memory load. D’ Argembeau
and Linden (2006) showed that people who have more vivid visual imagery pre-
experience future events more vividly and intensely than those who have less visual
imagery. This connection may stem from the utilization of visual working memory
during the regulation of emotional intensity of future events, as processing visual
information may interfere with the emotional intensity of those events, according to
our results. The literature also suggest that personal importance is one of the most
important predictors of pre-experiencing future events, leading to a stronger autonoetic
experience for episodic future thinking (i.e. subjective feeling of mental time travelling
through time) for those events (Lehner & D’argembeau, 2016; D’argembeau & van
der Linden, 2012; Barsics et al., 2015). In our study, we found that visual working
memory load impedes the personal importance of future events to a greater extent than
verbal working memory load. Given the strong connection between personal
importance and autonoetic consciousness, this result may imply that visual working
memory load has a detrimental impact on mental time travel to the future.

We also anticipated that visual working memory load would disrupt
phenomenological experiences of episodic future thinking more than episodic
memory. We did not find any evidence to support this hypothesis, but revealed that
remembering the past and imagining the future utilize verbal working memory
component differently. The findings demonstrated that verbal working memory load
interferes more with the emotional intensity and personal importance of past events
than future events. These results point out the role of verbal working memory in
remembering past events, and supporting the narrative framework of memory (Fivush,
Haden & Reese, 2006; Fivush, 2008). For example, language is a way to share
memories and allows people to organize reminscences (Fivush, 2008). In this way,
individuals form blocks of life stories, creating a narrative of past events (Fivush,
2008). These narratives, therefore, represent culturally shaped linguistic structures that
influence how individuals remember their personal events and how they express them
(Fivush, Haden & Reese, 2006). Remembering past events may involve verbal
information processing more than episodic future thinking, as these past events are

likely to be remembered as a narrative. Thus, people might not remember the events
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themselves, but they do recall their narratives®. Considering these points, it appears
that verbal working memory load diminishes the emotional intensity and personal
importance of these past events more than future events.

The other possibility as to why verbal working memory interfered with
phenomenological experiences for past events more than future events stems from the
crucial role of visual working memory in episodic future thinking. It is likely that the
emotional intensity and personal importance of future events were not affected by the
verbal working memory load to the same extent as they were for past events.
Therefore, this may imply the distinct role of visual working memory in episodic future
thinking. Ultimately, while working memory components appear to contribute to past
events to a similar extent, visual working memory is more heavily utilized during

future thinking.

4.1. CONCLUSION

Overall, our investigation showed that people utilize both visual and verbal working
memory to construct future events. However, visual working memory becomes more
crucial when elaborating on these events. Additionally, we demonstrated that
individuals use visual working memory when constructing past events, but both visual
and verbal working memory contribute to the elaboration of past events.

The literature suggest that working memory is one of the cognitive mechanism that
supports episodic future thinking. However, to date, contributions of working memory
components to episodic future thinking remained unclear. In this regard, our results are
the first to show differential contributions of working memory components to future
thinking. Additionally, there has been no attempt to test the constructive episodic
simulation hypothesis in this context, comparing the differential contributions of
working memory components to both remembering the past and imagining the future.
Therefore, our results are also the first to compare these temporal directions in a
modality-specific context. We also used a novel dual-task paradigm that can be utilized
in future studies to investigate the cognitive mechanisms of episodic future thinking

and episodic memory in more detail.

8 Jorge Luis Borges once said that: “The years pass and I've told this story so many times I no longer
know whether I remember it as it was or whether it'’s only my words I'm remembering.” (Borges, 1979,

p. 54).
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Since we showed the pivotal role of visual working memory in episodic future
thinking, this finding may contribute to delay discounting and working memory
training literature. Some studies suggest that working memory training can improve
the efficiency of episodic future thinking in decision-making processes, such as delay
discounting (Bickel et al., 2011; Snider et al., 2018). This facilitatory role of episodic
future thinking on delay discounting increases when the events are experienced with
greater emotional intensity (Benoit, Gilbert & Burgess, 2011). Since our results point
out the important role of visual working memory on the emotional intensity and
personal importance of future events, future studies could use visual working memory
training and examine the effects of that training on the efficiency of episodic future
thinking in decision-making processes. If these trainings are effective, it will enhance
the tendency to make decisions that are beneficial for health, such as smoking (Chiou
& Wu, 2017; Stein et al., 2018), eating habits (Daniel et al., 2013; Daniel et al., 2015;
Dassen et al., 2016; Segovia et al., 2020), or continuing/leaving a hobby that may have
positive/negative effects on health (Kaplan et al., 2016).

4.2. Limitations of the Study
Our study has some limitations. For example, the number of trials resulted in an

increasing number of missing values. Since the measures were one-shot, failure in a
trial led to the exclusion of participants from our statistical model, as three-way
interaction analysis required successful completion of all trials. Given that some
participants could not recall an event in certain trials, and complete-case analyses
would reduce power, we employed the multiple imputation technique. To mitigate this
issue, future studies could consider adding extra trials for every measure or providing
additional cue words to participants who were failed to construct an event, thus
reducing the likelihood of missing data. However, increasing the number of trials could
prolong the duration of the experiment, potentially leading to participant fatigue.
Therefore, future studies intending to adopt this paradigm should consider providing
additional cue words rather than increasing the number trials.

Another limitation was the disproportionate gender distribution in our sample. Our
sample consisted predominantly of female participants, and this imbalance may limit
the generalizability of our findings. Future studies should aim to recruit participants

with a more balanced gender representation. Furthermore, all of the participants were
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Bachelor’s students, thus limiting the population of our sample to these students.
However, this allowed us to have a homogenous sample, thereby reducing the effects
of variables such as age and education.

The visual and verbal versions of the 2-back might have taxed different cognitive
resources beyond the respective modality-specific cognitive load, as we found some
differences between these tasks. Future studies could also employ different working
memory tasks for this investigation (e.g., Corsi block tapping, counting aloud, etc.).
Probing the aforementioned findings with different working memory tasks would
make these conclusions more reliable and yield some important insights into the role
of working memory components on both remembering the past and imagining the
future. Furthermore, these tasks could have employed as a within-subject factor, rather
than between-subject factor. In this way, individual differences in modality-specific
information processing would be eliminated, and thus better capturing the differential
contributions of working memory components. Therefore, future studies should take

this matter into consideration.
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APPENDIX A: Instructions for the Experiment
GORSEL GRUP

2-geri yonergeleri.

Degerli katilimc1, bu asamada sizden 2-geri gorevi adi verilen bir gérevi
gergeklestirmeniz beklenmektedir. Gorev esnasinda ekranda belli araliklarla goriiniip
kaybolan mavi renkte kareler goreceksiniz. Bu kareler ekranda farkli konumlarda
goriinecekler. Yapmaniz gereken sey, bu karelerin konumlarini dikkatle takip etmek.

Simdi, siradaki yonergeyi gérmek i¢in herhangi bir tusa basabilirsiniz.

skoksk

Eger size gosterilen kare seklinin konumu 2 adim 6nce gosterilen kare seklinin
konumu ile ayni ise "H" tusuna basmaniz gerekmektedir.

Bir 6rnek gormek icin herhangi bir tusa basarak siradaki agsamaya geciniz.

ok

TEKLi GOREV

Epizodik Gelecek Diisiincesi Yonergeleri.

Degerli katilimci, az sonra sizden gelecekte yasanma ihtimali olan kisisel ve spesifik
bir olay1 zihninizde canlandirmanizi isteyecegiz. Bu olayn belirli bir zaman ve
mekanda gegmesine ve bizzat yasayacaginiz bir olay olmasina dikkat etmenizi
bekliyoruz. Dolayistyla bu olay bir dakika ya da birkag saati kapsayabilir ancak 24
saati gegmemelidir.

sksksk

Gelecekte yasanma ihtimali olan bir olay olusturmaniza yardim etmek ve baglangi¢
noktas1 sunmak amactyla size bir sozciik gosterecegiz. Bu olay size gosterilecek olan
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sozciikle ilgili ya da ilgisiz olabilir. Onemli olan, akliniza getirdiginiz bu olayin
belirli bir zaman ve mekanda gecen kisisel bir olay olmasidir.

kskosk
Liitfen ipucu sozciigii goriir gormez gelecekte gergceklesme ihtimali olan bir olay
tiretmeye c¢aligin. Bu olay akliniza geldigi anda “BOSLUK” tusuna basin. Bu tusa
bastiktan sonra karsiniza beyaz bir ekran gelecek. Bu beyaz ekran geldigi an akliniza
gelen olay1 2-3 sozciik kullanarak kisaca sdylemenizi istiyoruz. Bu olay1 sdylemek
i¢in kisa bir siireniz olacak, dolayisiyla tusa basar basmaz bu diisiinceyi sesli bir
sekilde soylemelisiniz.

skoksk
Bu olay1 sesli bir sekilde soyledikten sonra karsiniza siyah bir ekran gelecek. Bu
siyah ekran geldiginde akliniza gelen olay1 30 saniye boyunca sessiz bir sekilde
zihninizde detaylandirmanizi istiyoruz (6rnegin, olay nedir, nerede, ne zaman ve
nasil gerceklesiyor, yaninizda kimler var, ¢evrenizde neler var, vb.).

Ak k
Akliniza gelen bu olay1 30 saniye boyunca zihninizde detaylandirdiktan sonra
karsiniza birtakim sorular gelecektir. Bu sorular ¢iktiginda olay1 zihninizde
canlandirmay1 birakmaniz ve sorulara odaklanmaniz gerekmektedir. Bu sorulari
klavyenin iistiinde yer alan 1-2-3-4-5-6-7 tuslariyla cevaplayabilirsiniz.

skoksk
Simdi, gelecegi diisiinme goreviyle ilgili bir pratik yapacaksiniz. Liitfen deneyi
baslatmasi i¢in deney asistanini ¢agiriniz.

Epizodik Bellek Yonergeleri.

Degerli katilimci, az sonra sizden ge¢miste yasadiginiz kisisel ve spesifik bir olay1
zihninizde canlandirmanizi isteyecegiz. Bu olayin belirli bir zaman ve mekanda
gecmesine ve bizzat yasadiginiz bir olay olmasina dikkat etmenizi bekliyoruz.
Dolayisiyla gegmiste gergeklesen bu olay siirekli tekrar eden, giindelik rutin bir olay
degil, bir dakika ya da birkag saati kapsayan ancak 24 saati gegmeyen bir olay
olmalidur.

ok

Gegmiste yasadiginiz bir olay hatirlamaniza yardim etmek ve baslangi¢ noktasi
sunmak amaciyla size bir sozciik gosterecegiz. Bu olay gosterilecek olan sozciikle
ilgili ya da ilgisiz olabilir. Onemli olan, akliniza getirdiginiz bu olayin belirli bir
zaman ve mekanda gegen kisisel bir olay olmasidir.

sksksk
Liitfen ipucu soézcligii goriir gormez gegmiste yasadiginiz bir olay diistinmeye ¢alisin.
Bu olay akliniza geldigi anda “BOSLUK” tusuna basin. Bu tusa bastiktan sonra
karsiniza beyaz bir ekran gelecek. Bu beyaz ekran geldigi an akliniza gelen olay1 2-3
sozclik kullanarak kisaca sdylemenizi istiyoruz. Bu olay1 sdylemek i¢in kisa bir
siireniz olacak, dolayisiyla tusa basar basmaz bu diisiinceyi sesli bir sekilde

sOylemelisiniz.
ekosk
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Bu olay1 sesli bir sekilde soyledikten sonra 30 saniye boyunca sessiz bir sekilde bu
diisiinceyi zihninizde detaylandirmanizi istiyoruz (6rnegin, olay nedir, nerede, ne
zaman ve nasil gergeklesiyor, yaninizda kimler var, ¢evrenizde neler var, vb.).
skoksk
Akliniza gelen bu olay1 30 saniye boyunca zihninizde detaylandirdiktan sonra
karsiniza birtakim sorular gelecektir. Bu sorular ¢iktiginda olay1 zihninizde
canlandirmay1 birakmaniz ve sorulara odaklanmaniz gerekmektedir. Bu sorulari
klavyenin iistiinde yer alan 1-2-3-4-5-6-7 tuslariyla cevaplayabilirsiniz.
kskok
Simdi, ge¢misi hatirlama goreviyle ilgili bir pratik yapacaksiniz. Liitfen deneyi
baslatmasi i¢in deney asistanini ¢agiriniz.

iKiLi GOREV

Epizodik Gelecek Diisiincesi.

Degerli katilimce1, simdi sizden iki gorevi ayn1 anda yapmaniz beklenecektir. Az
sonra yine karelerin konumlarini takip edeceksiniz. Bu karelerin konumlarin1 takip
ederken ekranda bir sozciik gosterilecek. Bu sozciigii goriir gormez GELECEKTE
gerceklesme ihtimali olan belirgin bir olay olusturmaya ¢alisin ve akliniza bir olay
gelir gelmez “BOSLUK” tusuna basin. Bu esnada karelerin konumlarini takip etme

gorevini de siirdiirmeniz gerektigini unutmayin!
skoksk

“BOSLUK?” tusuna bastiktan sonra yine beyaz bir ekran ¢ikacak. Akliniza gelen
olay1 beyaz ekran varken sesli bir sekilde 2-3 s6zciik kullanarak ¢ok kisaca
sOylemelisiniz. Beyaz ekrandan sonra kareler gosterilmeye devam edecek. Bu esnada
hem karelerin konumunu dikkatle takip etmeli, hem de GELECEKTE yasanabilecek
bu olay1 zihninizde detaylandirmaya calismalisiniz. Her iki gorevi ayn1 anda
yapmaya caligmaniz deneyin amaci agisindan ¢ok dnemli! Simdi deney asistani size
gorevi sozel bir sekilde tekrar agiklayacak.

kksk
Simdi, gorevi daha iyi anlayabilmeniz adina birkag alistirma yapacagiz. Liitfen
anlamadiginiz herhangi bir sey varsa deney asistanina sorun. Kendinizi hazir
hissettiginizde herhangi bir tusa basarak alistirmalara gegebilirsiniz.
Epizodik Bellek.
Degerli katilimet, simdi sizden iki gorevi ayni anda yapmaniz beklenecektir. Az
sonra yine karelerin konumlarini takip edeceksiniz. Bu karelerin konumlarini takip
ederken ekranda bir sozciik gosterilecek. Bu sdzciigii goriir gormez GECMISTE
gerceklesmis belirgin bir olay hatirlamaya calisin ve akliniza bir olay gelir gelmez
“BOSLUK?” tusuna basin. Bu esnada karelerin konumlarini takip etme gorevini de
siirdlirmeniz gerektigini unutmayin!

sksksk

“BOSLUK” tusuna bastiktan sonra yine beyaz bir ekran ¢ikacak. Akliniza gelen
olay1 beyaz ekran varken sesli bir sekilde 2-3 s6zciik kullanarak ¢ok kisaca
sOylemelisiniz. Beyaz ekrandan sonra kareler gdsterilmeye devam edecek. Bu esnada
hem karelerin konumunu dikkatle takip etmeli, hem de GECMISTE yasanmis bu
olay1 zihninizde detaylandirmaya ¢alismalisiniz. Her iki gorevi ayni anda yapmaya
calismaniz deneyin amaci agisindan ¢ok 6nemli! Simdi deney asistani size gorevi
sozel bir sekilde tekrar agiklayacak.
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ks

Simdi, gorevi daha iyi anlayabilmeniz adina birkag alistirma yapacagiz. Liitfen
anlamadiginiz herhangi bir sey varsa deney asistanina sorun. Kendinizi hazir
hissettiginizde herhangi bir tusa basarak alistirmalara gecebilirsiniz.

SOZEL GRUP

2-geri yonergeleri.

Degerli katilimci, bu asamada sizden 2-geri gorevi ad1 verilen bir gorevi
gerceklestirmeniz beklenmektedir. Gorev esnasinda kulakliktan belirli araliklarla
harfler duyacaksiniz. Yapmaniz gereken sey, bu harflerin sirasini dikkatle takip
etmek.

Simdi, siradaki yonergeyi gormek i¢in herhangi bir tusa basabilirsiniz.

Ak k

Eger size okunan harf 2 adim 6nce okunan harf ile ayni ise "H" tusuna basmaniz
gerekmektedir.

Bir 6rnek gérmek icin herhangi bir tusa basarak siradaki asamaya geciniz.

skoksk

TEKLIi GOREV

Epizodik Gelecek Diisiincesi Yonergeleri.

Degerli katilimci, az sonra sizden gelecekte yaganma ihtimali olan kisisel ve spesifik
bir olay1 zihninizde canlandirmanizi isteyecegiz. Bu olayin belirli bir zaman ve
mekanda gegmesine ve bizzat yasayacaginiz bir olay olmasina dikkat etmenizi
bekliyoruz. Dolayisiyla bu olay bir dakika ya da birkag saati kapsayabilir ancak 24
saati gegmemelidir.

kksk
Gelecekte yasanma ihtimali olan bir olay olusturmaniza yardim etmek ve baslangi¢
noktas1 sunmak amaciyla size bir sozciik gosterecegiz. Bu olay size gosterilecek olan
sozciikle ilgili ya da ilgisiz olabilir. Onemli olan, akliniza getirdiginiz bu olayin
belirli bir zaman ve mekanda gecen kisisel bir olay olmasidir.
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Liitfen ipucu sozciigii goriir gormez gelecekte gergceklesme ihtimali olan bir olay
tiretmeye c¢aligin. Bu olay akliniza geldigi anda “BOSLUK” tusuna basin. Bu tusa
bastiktan sonra karsiniza beyaz bir ekran gelecek. Bu beyaz ekran geldigi an akliniza
gelen olay1 2-3 sozciik kullanarak kisaca sdylemenizi istiyoruz. Bu olay1 sdylemek
i¢in kisa bir siireniz olacak, dolayisiyla tusa basar basmaz bu diislinceyi sesli bir
sekilde soylemelisiniz.

skeskok
Bu olay1 sesli bir sekilde soyledikten sonra karsiniza siyah bir ekran gelecek. Bu
siyah ekran geldiginde akliniza gelen olay1 30 saniye boyunca sessiz bir sekilde
zihninizde detaylandirmanizi istiyoruz (6rnegin, olay nedir, nerede, ne zaman ve
nasil gerceklesiyor, yaninizda kimler var, ¢evrenizde neler var, vb.).

kkosk
Akliniza gelen bu olay1 30 saniye boyunca zihninizde detaylandirdiktan sonra
karsiniza birtakim sorular gelecektir. Bu sorular ¢iktiginda olayi zihninizde
canlandirmay1 birakmaniz ve sorulara odaklanmaniz gerekmektedir. Bu sorulari
klavyenin iistiinde yer alan 1-2-3-4-5-6-7 tuslariyla cevaplayabilirsiniz.

skeskok
Simdi, gelecegi diisiinme goreviyle ilgili bir pratik yapacaksiniz. Liitfen deneyi
baslatmasi i¢in deney asistanini ¢agiriniz.

Epizodik Bellek Yonergeleri.

Degerli katilimc1, az sonra sizden ge¢miste yasadiginiz kisisel ve spesifik bir olay1
zihninizde canlandirmanizi isteyecegiz. Bu olayin belirli bir zaman ve mekanda
gecmesine ve bizzat yasadiginiz bir olay olmasina dikkat etmenizi bekliyoruz.
Dolayisiyla gegmiste gergeklesen bu olay siirekli tekrar eden, giindelik rutin bir olay
degil, bir dakika ya da birkag saati kapsayan ancak 24 saati gegmeyen bir olay
olmalidur.

kksk

Gegmiste yasadiginiz bir olay hatirlamaniza yardim etmek ve baslangi¢ noktasi
sunmak amaciyla size bir sozciik gosterecegiz. Bu olay gosterilecek olan sozctikle
ilgili ya da ilgisiz olabilir. Onemli olan, akliniza getirdiginiz bu olayin belirli bir
zaman ve mekanda gegen kisisel bir olay olmasidir.

skooksk
Liitfen ipucu so6zcligii goriir gormez gecmiste yasadiginiz bir olay diistinmeye ¢alisin.
Bu olay akliniza geldigi anda “BOSLUK” tusuna basin. Bu tusa bastiktan sonra
karsiniza beyaz bir ekran gelecek. Bu beyaz ekran geldigi an akliniza gelen olay1 2-3
sozclik kullanarak kisaca sdylemenizi istiyoruz. Bu olay1 sdylemek i¢in kisa bir
siireniz olacak, dolayisiyla tusa basar basmaz bu diisiinceyi sesli bir sekilde
sOylemelisiniz.

kksk
Bu olay1 sesli bir sekilde syledikten sonra 30 saniye boyunca sessiz bir sekilde bu
diisiinceyi zihninizde detaylandirmaniz istiyoruz (6rnegin, olay nedir, nerede, ne
zaman ve nasil gergeklesiyor, yaninizda kimler var, ¢evrenizde neler var, vb.).

kksk
Akliniza gelen bu olay1 30 saniye boyunca zihninizde detaylandirdiktan sonra
karsiniza birtakim sorular gelecektir. Bu sorular ¢iktiginda olay1 zihninizde
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canlandirmay1 birakmaniz ve sorulara odaklanmaniz gerekmektedir. Bu sorulari
klavyenin iistiinde yer alan 1-2-3-4-5-6-7 tuslariyla cevaplayabilirsiniz.

kskosk
Simdi, ge¢misi hatirlama goreviyle ilgili bir pratik yapacaksiniz. Liitfen deneyi
baslatmasi i¢in deney asistanini ¢agiriniz.

IKiLI GOREV
Epizodik Gelecek Diisiincesi Gorevi.
Degerli katilimci, simdi sizden iki gorevi ayn1 anda yapmaniz beklenecektir. Az
sonra yine kulakliktan okunan harfleri takip edeceksiniz. Bu harfleri takip ederken
ekranda bir sézciik gosterilecek. Bu sozciigli goriir gormez GELECEKTE
gerceklesme ihtimali olan belirgin bir olay olusturmaya ¢aligin ve akliniza bir olay
gelir gelmez “BOSLUK” tusuna basin. Bu esnada harfleri takip etme gérevini de
stirdiirmeniz gerektigini unutmayin!

skoksk

“BOSLUK?” tusuna bastiktan sonra yine beyaz bir ekran ¢ikacak. Akliniza gelen
olay1 beyaz ekran varken sesli bir sekilde 2-3 s6zciik kullanarak ¢ok kisaca
sOylemelisiniz. Beyaz ekrandan sonra harfler okunmaya devam edecek. Bu esnada
hem harflerin sirasin1 dikkatle takip etmeli, hem de GELECEKTE yasanabilecek bu
olay1 zihninizde detaylandirmaya calismalisiniz. Her iki gorevi ayni1 anda yapmaya
calismaniz deneyin amaci agisindan ¢ok 6nemli! Simdi deney asistani size gorevi
sOzel bir sekilde tekrar agiklayacak.

skoksk
Simdi, gorevi daha iyi anlayabilmeniz adina birkag alistirma yapacagiz. Liitfen
anlamadiginiz herhangi bir sey varsa deney asistanina sorun. Kendinizi hazir
hissettiginizde herhangi bir tusa basarak alistirmalara gegebilirsiniz.
Epizodik Bellek Gorevi.
Degerli katilimet, simdi sizden iki gorevi ayn1 anda yapmaniz beklenecektir. Az
sonra yine kulakliktan okunan harfleri takip edeceksiniz. Bu harfleri takip ederken
ekranda bir sozciik gosterilecek. Bu sdzciigii goriir gormez GECMISTE gergeklesmis
belirgin bir olay hatirlamaya c¢alisin ve akliniza bir olay gelir gelmez “BOSLUK”
tusuna basin. Bu esnada harfleri takip etme gorevini de siirdliirmeniz gerektigini
unutmayin!

skooksk

“BOSLUK” tusuna bastiktan sonra yine beyaz bir ekran ¢ikacak. Akliniza gelen
olay1 beyaz ekran varken sesli bir sekilde 2-3 s6zciik kullanarak ¢ok kisaca
sOylemelisiniz. Beyaz ekrandan sonra harfler okunmaya devam edecek. Bu esnada
hem harflerin sirasin1 dikkatle takip etmeli, hem de GECMISTE gerceklesmis bu
olay1 zihninizde detaylandirmaya ¢alismalisiniz. Her iki gorevi ayni anda yapmaya
calismaniz deneyin amaci agisindan ¢ok 6nemli! Simdi deney asistani size gorevi
sozel bir sekilde tekrar agiklayacak.

sksksk
Simdi, gorevi daha iyi anlayabilmeniz adina birkag alistirma yapacagiz. Liitfen
anlamadiginiz herhangi bir sey varsa deney asistanina sorun. Kendinizi hazir
hissettiginizde herhangi bir tusa basarak alistirmalara gegebilirsiniz.
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APPENDIX B: Cue Words

Ipucu Sozciikler | Imgelenebilirlik | Somutluk Asama

BITKI 6.50 6.81 Deney asamast
BARDAK 6.74 6.72 Deney asamasi
GOZLUK 6.63 6.87 Deney asamasi
KEDI 6.87 6.94 Deney asamast
OTOBUS 6.85 6.96 Pratik asamasi
PizzA 6.58 6.88 Deney asamast
SAPKA 6.56 6.93 Deney asamasi
FINCAN 6.47 6.94 Pratik asamasi
AYAKKABI 6.44 6.88 Pratik asamasi
KAPI 6.60 6.64 Deney asamasi
KAGIT 6.81 6.77 Pratik asamasi
BILET 6.58 6.88 Deney asamasi
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APPENDIX C: Phenomenology Questions

Epizodik Gelecek Diisiincesi Sorulari
1- Bu olay, canli bir olaydir. (1- Hig / 7- Son derece canli) (Vividness)
2- Bu olay1 zihnimde canlandirdigimda, heniiz ger¢eklesmemis olay1 6nceden
yastyormus gibi hissediyorum. (1- Hi¢ / 7- Su anda oluyormus gibi) (Pre/re-
experience)
3- Bu olay1 zihnimde canlandirdigimda onu zihnimde gorebiliyorum. (1- Hig¢ / 7- Su
anda oluyormus gibi) (Visual Imagery)
4- Bu olay1 zihnimde canlandirdigimda onu zihnimde duyabiliyorum. (1- Hi¢ / 7- Su
anda oluyormus gibi) (Auditory Imagery)
5- Bu olay1 zihnimde canlandirdigimda olayin gegtigi mekanda kimin/neyin nerede
durdugunu biliyorum. (1- Hi¢ / 7- Su anda oluyormus gibi) (Spatial Imagery)
6- Bu olay1 zihnimde canlandirdigimda hissettigim duygular (1- Son derece olumsuz
/ 7- Son derece olumlu) (Valence)
7- Bu olay1 zihnimde canlandirdigimda yogun duygular hissediyorum. (1- Hig¢ / 7-
Son derece yogun) (Intensity)
8- Bu olay hayatimda 6nemli bir yere sahip olacaktir. (1- Hi¢ / 7- Son derece 6nemli)
(Personal Importance)
9- Bazi olaylar1 zihnimizde canlandirdigimizda olay1 dogrudan kendi goziimiizden
goriirken, bazi olaylar1 kendimizi de disaridan gorebilecek sekilde gozlemci
perspektifinden goriiriiz. Bu olay1 hangi perspektiften goriiyorsunuz? (1- Kendi
gbziimden / 7- Gozlemci gibi) (Imagery Perspective)
10- Bu olay1 daha 6nce istemli olarak zihnimde canlandirarak onun hakkinda
diisiindiim ya da konustum. (1- Hi¢ / 7- Cok sik) (Voluntary Rehearsal)
11- Bu olay, siz onu zihninizde canlandirmaya ¢alismadiginiz halde, aniden ve
istemsizce zihninizde belirdi mi? (1- Hi¢ / 7- Cok sik) (Involuntary Rehearsal)
12- Bu olay1 zihnimde canlandirmak (1- Cok zordu / 7- Cok kolaydi) (Ease of
Imagining)
13- Bu olay, belli bir yer ve zamanda gercgeklesebilecek ve siiresi bir tam giinii (24
saati) agsmayacak bir olay olmasi sebebiyle belirgin (spesifik) bir olaydir. (1- Hig / 7-
Son derece belirgin) (Specificity)

Epizodik Bellek Sorular
1- Bu ani, canli bir amidir. (1- Hi¢ / 7- Son derece canli) (Vividness)
2- Bu aniy1 hatirladigimda, onu yeniden yasiyormus gibi hissediyorum. (1- Hig / 7-
Su anda oluyormus gibi) (Pre/re-experience)
3- Bu aniy1 hatirladigimda, onu zihnimde gorebiliyorum. (1- Hi¢ / 7- Su anda
oluyormus gibi) (Visual Imagery)
4- Bu aniy1 hatirladigimda, onu zihnimde duyabiliyorum. (1- Hi¢ / 7- Su anda
oluyormus gibi) (Auditory Imagery)
5- Bu aniy1 hatirladigimda olayin gectigi mekanda kimin/neyin nerede durdugunu
biliyorum. (1- Hi¢ / 7- Su anda oluyormus gibi) (Spatial Imagery)
6- Bu an1y1 hatirladigimda hissettigim duygular (1- Son derece olumsuz / 7- Son
derece olumlu) (Valence)
7- Bu anty1 hatirladigimda yogun duygular hissediyorum. (1- Hi¢ / 7- Son derece
yogun) (Emotional Intensity)
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8- Bu ani, hayatimda 6nemli bir yere sahiptir. (1- Hi¢ / 7- Son derece 6nemli)
(Personal Importance)

9- Baz1 anilar1 hatirladigimizda olay1 dogrudan kendi goziimiizden goriirken, bazi
anilar1 kendimizi de disaridan gorebilecek sekilde gozlemci perspektifinden goriiriiz.
Bu an1y1 hangi perspektiften goriiyorsunuz? (1- Kendi géztimden / 7- Gozlemci gibi)
(Imagery Perspective)

10- Gergeklestigi zamandan bu yana, kendi istegimle zihnimde bu aniya geri donerek
onun hakkinda diisiindiim ya da konustum. (1- Hi¢ / 7- Cok s1k) (Voluntary
Rehearsal)

11- Bu ani, siz onu hatirlamaya ¢alismadiginiz halde, aniden ve istemsizce zihninizde
belirdi mi? (1- Hi¢ / 7- Cok sik) (Involuntary Rehearsal)

12- Bu anmiy1 hatirlamak (1- Cok zordu / 7- Cok kolaydi) (Ease of Imagining)

13- Bu any, belli bir yer ve zamanda ger¢eklesmis ve siiresi bir tam giinii (24 saati)
asmamis bir olay1 icermesi sebebiyle belirgin (spesifik) bir anidir. (1- Hi¢ / 7- Son
derece belirgin) (Specificity)
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APPENDIX D: Demographical and Strategy Evaluation Form

Yas:
Cinsiyet:

Liitfen asagidaki sorular: gelecek diisiincesi ve 2-geri gorevini es zamanh bir
sekilde yaptigimiz kosulu goz oniine alarak cevaplayiniz;

1-) Gorevi yerine getirirken herhangi bir siniflandirma, kiimeleme vb. gibi
stratejiler uyguladinmiz mi?

A-) Evet, gelecek diigiincesi ve 2-geri gérevini es zamanl bir sekilde yaparken bir
strateji uyguladim.

B-) Hayir, gelecek diisiincesi ve 2-geri gorevini es zamanli bir sekilde yaparken bir
strateji uygulamadim.

Cevabiniz “Evet” ise ne tiir bir strateji uyguladimiz?

2- Olay1 ipucu sozciigii gordiikten sonra m akliniza getirdiniz?
A-) Evet, olay1 ipucu s6zciigii gordiikten sonra aklima getirdim.
B-) Hayir, olay1 ipucu sozciigii gormeden 6nce aklima getirmistim.

3- Anket sorularim yanitlarken aklimza gelen bu olay: zihninizde
detaylandirmaya devam ettiniz mi?

A-) Evet, sorular1 yanitlarken olay1 zihnimde detaylandirmaya devam ettim.

B-) Hayur, sorular1 yanitlarken olay1 zihnimde detaylandirmaya devam etmedim.

4- Gorevlerden birine digerine kiyasla daha mi ¢ok odaklandiniz?
A-) Her ikisini de ayn1 anda yapmaya ¢aligtim.

B-) Sadece gelecek diisilincesi gorevini yapmaya caligtim.

C-) Sadece 2-geri gorevini yapmaya caligtim.

5- Olayi gozlerinizi kapatarak m kurguladimz?

A-) Evet, olay1 bilgisayar ekranina bakmadan, gézlerimi kapatarak kurgulamaya
caligtim.

B-) Hayir, olay1 kurgulamaya calisirken bilgisayar ekranina bakiyordum.

Liitfen asagidaki sorular1 gecmisi hatirlama ve 2-geri gorevini es zamanh bir
sekilde yaptigimiz kosulu goz oniine alarak cevaplayiniz;

6-) Gorevi yerine getirirken herhangi bir simiflandirma, kiimeleme vb. gibi
stratejiler uyguladiniz m1?

A-) Evet, gecmisi hatirlama ve 2-geri gorevini es zamanli bir sekilde yaparken bir
strateji uyguladim.

B-) Hayir, gegmisi hatirlama ve 2-geri gorevini es zamanl bir sekilde yaparken bir
strateji uygulamadim.

Cevabiniz “Evet” ise ne tiir bir strateji uyguladimiz?

7-) Amy1 ipucu sozciigii gordiikten sonra mi aklimiza getirdiniz?

A-) Evet, aniy1 ipucu sozciigii gordiikten sonra aklima getirdim.

B-) Hayir, an1y1 ipucu s6zciigii gormeden 6nce aklima getirmistim.

84



8-) Anket sorularim yamitlarken akliniza gelen bu aniy1 zihninizde
detaylandirmaya devam ettiniz mi?

A-) Evet, sorular1 yanitlarken aniy1 zihnimde detaylandirmaya devam ettim.

B-) Hayir, sorular1 yanitlarken aniy1 zihnimde detaylandirmaya devam etmedim.

9-) Gorevlerden birine digerine kiyasla daha mi ¢ok odaklandiniz?
A-) Her ikisini de ayni anda yapmaya ¢aligtim.

B-) Sadece gegmisi hatirlama goérevini yapmaya ¢alistim.

C-) Sadece 2-geri gorevini yapmaya calistim.

9-) An1y1 gozlerinizi kapatarak m hatirladimz?

A-) Evet, aniy1 bilgisayar ekranina bakmadan, gézlerimi kapatarak hatirlamaya
caligtim.

B-) Hayir, aniy1 hatirlamaya calisirken bilgisayar ekranina bakiyordum.

10-) Norolojik ya da kronik bir hastali@iniz var mi? Varsa belirtiniz.
11-) Diizenli Kullandigimiz ilaclarimiz var mi? Varsa belirtiniz.

12-) Diin gece yaklasik ka¢ saat uyudunuz?

A-) 6 saatten az

B-) 6-8 saat arasi

C-) 8 saat veya daha fazla

13-) En son ne zaman yemek yediniz?
A-) 1 saatten az

B-) 1-4 saat aras1

C-) 4 saat veya daha fazla

9- Gormenizi kolaylastiran herhangi bir yardime arac (gozliik, lens vb.)
kullaniyor musunuz? Eger kullaniyorsaniz deney esnasinda
gozliigiiniizii/lensinizi taktiniz m?

A-) Evet

B-) Hayir

Deneyle ilgili eklemek istedikleriniz (yorum vs.) varsa belirtebilirsiniz.
Asagidaki tabloda, her islemde kullandiginiz ele gore ‘sol’ veya ‘sag’ hanesini isaretleyiniz. Ornegin
yaz1 yazarken genellikle sag fakat ara sira sol elinizi kullaniyorsaniz hem ‘sag’ hanesine hem de sol

hanesine bir adet X isareti koyunuz. Yazi yazarken daima sag elinizi kullaniyorsaniz sadece ‘sag’
hanesine X koyunuz.

Sol Sag
1 | Yazmak
2 | Cizmek
3 Tas atmak
4 | Makas kullanmak
5 | Dis firgas1 kullanmak
6 | Bigak kullanmak
7 | Kasik kullanmak
8 | Siipiirge kullanmak (iist el)
9 | Kibrit cakmak
10 | Kutunun kapagin1 agmak
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APPENDIX E: Complete-case Analyses

Participants

We calculated the sample size employing the widely used practice for analysis of
covariance (see Cohen, 1988, p. 379; Huitema, 2011, p. 475). The sample size was
calculated using MorePower 6.0.4 software, which is suitable for power analysis
according to our experimental design (Campbell & Thompson, 2012). The analysis
indicated that the sample size for the 2 (between subjects) x 2 (within-subjects) x 2
(within-subjects) mixed design analysis of covariance should include a minimum of
168 participants to achieve a power of .90, with an alpha error value of .05 and a
medium effect size of Cohen’s /= .25 (Cohen, 1988). However, considering the
potential loss of participants that may occur due to various reasons, at least 15% more
than the calculated maximum number of participants was aimed. Nine hundred three
undergraduate students (171 female, 21 men, 1 not specified; mean age = 21.4 years,
SD = 2.09, range 18 to 29) who were native speakers of Turkish and normal or
corrected-to-normal vision from Istanbul Medipol University participated in the study
in return for course credits. Nearly 68% of the participants reported sleeping for over
6 hours, and 71% had their last meal within 4 hours before joining the study. Right-
handed, left-handed, and ambidextrous participants accounted for 90.7%, 7.3%, and
2.1% respectively. Four participants could not complete the operation span task and
were excluded from the analysis. For reaction time analyses, we improved the
reliability of our measurements by excluding trials in which participants failed to
report an event after pressing the button (38 cases) and reported the event before
pressing the button (8 cases). Additionally, we removed outliers (15 cases) to ensure
normality in our data. For phenomenology analyses, we excluded responses from a
total of 38 participants who did not report an event for any of the 14 scale questions in
the questionnaire®. Since we intended to conduct three-way ANCOVA, only the
participants who have successfully reported events in all experimental trials were
o

included in the analysis (45%)~". Ultimately, these constraints left us with eighty-seven

participants (78 female, 9 men; mean age = 21.4 years, SD = 1.95, range 18 to 28).

® We included trials where participants reported an event before pressing the button. The reason for
this inclusion was the assumption that the participants had indeed come up with an event but
remembered the button pressing only after reporting the event.

10 We did not observe any missing patterns, but further discussion on this missing inflation will be
discussed in the discussion section.
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Results

In the following sections, we will first test our hypotheses. Firstly, we will describe
the reaction time data (the interval between seeing the cue word and pressing the
button) and probe the main effects and interactions. Subsequently, we will investigate
phenomenology data, where participants rated their elaborations on the events after
dual-tasking. Lastly, we will conduct correlational analyses for exploratory purposes.
Reaction Time

A three-way mixed ANCOVA was performed to investigate how visual and verbal
secondary tasks affect the retrieval time of episodic future thinking and episodic
memory events while controlling the effect of working memory capacity. We first
centered the covariate as our experiment includes within-subject factor (Delaney &
Maxwell, 1981; Schneider et al., 2015). The descriptive statistics are summarized in
Table 1. We did neither observe any three-way interactions nor the effect of the
covariate. Two-way interaction analysis showed that there was an interaction between
groups and temporal directions F(1, 77) = 4.15, p < .05, np> = .051. Pairwise
comparisons of estimated marginal means indicated no significant difference between
groups'!. We also did not observe a significant difference between temporal directions
in the visual group. However, there was a significant difference between temporal
directions in the verbal group, indicating that imagining a future event was slower than
remembering a past event when performing a verbal working memory task
concurrently (p =.001, %95 C.I. =[413.7, 1678.7]). Furthermore, we also observed a
main effect of temporal direction F(1, 77) = 8.47, p < .01, np> = .09. This analysis
suggests that remembering a past event (M = 4979.9, SD = 233.7) is faster than
imagining a future event (M =5575.1, SD = 274.1). Lastly, the main effect of task type
was also significant F(1, 77) = 20.83, p < .001, 0> = .21. The result indicates that the
time spent on finding an event during the single-task condition (M = 5997.8, SD =
306.5) took more time compared to dual-task condition (M =4557.3, SD = 245.1)..

1 The comparisons were Bonferroni-corrected in here as well as in other analyses.
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Table 1. Descriptive statistics for reaction times.

Conditions Groups M SD N
Visual 5922.53 2986.1 43
Single-task Verbal 5463.43 2745.2 37
Total 5710.20 2868.4 &0
Past

Events Visual 4457.51 2639.9 43
Dual-task Verbal 4055.49 1973.3 37
Total 4271.57 2349.5 80
Visual 5710.14 3570.7 43
Single-task Verbal 6886.76 3112.1 37
Total 6254.32 3397.2 80

Future
Events Visual 5136.30 2926.5 43
Dual-task Verbal 4517.92 2673.4 37
Total 4850.30 2811.8 80

Phenomenology

A three-way mixed ANCOVA was performed to investigate how visual and verbal

secondary tasks affect the phenomenology of episodic future thinking and episodic

memory events while controlling the effect of working memory capacity. The

covariate was centered before running the analyses. The descriptive statistics are

summarized in Table 3.
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Table 3. Descriptive statistics of phenomenology ratings.

Past Events Future Events
Single Dual Single Dual

Items Groups M SD M SO M SD M SD

Visual 5.73 1.64 5.70 1.37 559 153 550 1.66

Verbal 5.83 129 550 142 589 1.38 583 1.34
Vividness

Total 5.78 149 5.61 139 573 146 5.65 1.52

Visual 543 1.54 5.18 1.68 5.14 1.88 4.77 1.86

Pre/Re- Verbal 527 1.67 5.08 1.57 562 140 4.65 1.97

Experiencing

Total 536 1.59 5.14 1.62 536 1.69 4.72 1.90

Visual 593 1.18 589 1.22 6.14 125 589 1.16

Visual Verbal 597 1.09 586 91 624 95 568 1.52
Imagery

Total 595 1.13 588 1.08 6.19 1.11 5.79 1.33

Visual 5.27 1.88 4.76 197 5.16 190 4.89 2.09

Auditory Verbal 535 1.60 492 173 535 1.62 5.11 1.77
Imagery

44

36

80

44

37

81

44

37

81

45

37

89



Spatial
Imagery

Intensity

Valence

Personal
Importance

Total

Visual

Verbal

Total

Visual

Verbal

Total

Visual

Verbal

Total

Visual

Verbal

Total

Visual

5.30

5.78

6.00

5.88

4.93

4.51

4.74

4.64

4.35

4.51

3.89

3.78

3.84

3.87

1.75

1.63

1.13

1.42

1.77

1.93

1.85

2.27

2.09

2.19

1.94

2.07

1.99

1.91

4.83

5.47

5.38

5.43

4.53

4.49

4.51

5.04

4.41

4.76

3.93

3.73

3.84

3.20

1.86

1.60

1.57

1.57

1.75

1.90

1.81

1.82

2.22

2.02

1.82

2.28

2.03

2.02

5.24

5.49

5.57

5.52

4.27

5.03

4.61

5.09

5.30

5.18

3.73

4.19

3.94

3.22

1.77

1.71

1.57

1.64

1.87

1.97

1.94

1.84

1.94

1.88

2.08

2.06

2.07

2.03

4.99

5.29

5.59

543

4.56

4.95

4.73

4.87

4.89

4.88

3.58

3.89

3.72

3.27

1.94

1.71

1.42

1.58

1.81

1.54

1.70

1.90

2.05

1.95

1.85

1.94

1.88

1.97

82

45

37

82

45

37

82

45

37

82

45

37

82

45
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Voluntary
Rehearsal

Involuntary
Rehearsal

Ease Of
Imagining

Imagery
Perspective

Specificity

Verbal

Total

Visual

Verbal

Total

Visual

Verbal

Total

Visual

Verbal

Total

Visual

Verbal

Total

3.84

3.85

4.40

5.03

4.68

5.73

6.14

591

3.24

3.22

3.23

6.00

6.11

6.05

2.04

1.96

1.98

2.10

2.04

1.49

1.18

1.37

2.38

2.59

2.45

1.75

1.72

1.73

3.59

3.38

4.69

4.54

4.62

5.36

5.30

5.33

3.49

3.30

3.40

5.67

6.27

5.95

2.02

2.02

1.99

1.74

1.87

1.72

1.74

1.72

2.54

2.48

2.50

1.91

1.07

1.59

3.78

3.48

4.33

4.51

4.41

5.76

6.24

5.98

3.51

3.46

3.49

5.67

6.08

5.86

2.23

2.13

2.00

1.88

1.93

1.31

.95

1.18

2.71

2.53

2.61

1.82

1.46

1.66

3.86

3.54

4.67

4.95

4.79

542

5.51

5.46

3.33

2.51

2.96

6.07

5.84

5.96

2.21

2.09

1.85

1.68

1.77

1.68

1.60

1.64

2.53

2.26

243

1.29

1.55

1.41

37

82

45

37

82

45

37

82

45

37

82

43

37

80
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Vividness.

The analysis results revealed no three-way interaction both between temporal
direction, task type, and operation span F(1, 77) = 0.05, p = .81, np,> = .001, as well as
between temporal direction, task type, and group F(1, 77) = 0.32, p = .57, np*> = .004.
There was also no two-way interaction effect; the interaction between temporal
direction and task type F(1, 77) = 0.15, p = .69, n,* = .002, task type and group F(1,
77) = 0.05, p = .81, > = .001, task type and operation span F(1, 77) = 0.45, p = .50,
Np> = .006, temporal direction and group F(1, 77) = 1.97, p = .16, np> = .025 and
temporal direction and operation span F(1, 77) = 0.52, p = .47, n,* = .007. Lastly, no
main effects were observed for both temporal direction F(1, 77) = 0.09, p = .92, n,* =
.000, and task type F(1, 77) = 0.58, p = .44, > = .007.

Pre/Re-experiencing.

The analysis showed no three-way interaction between temporal direction, task type
and group F(1, 78) = 0.10, p = .75, np> = .001. The three-way interaction between
temporal direction, task type and operation span were significant F(1, 78) = 7.08, p <
.01, np? = .083. Interestingly, the two-way interaction between temporal direction and
task type was not significant (1, 78) = 1.51, p = .22, n,*> = .019, suggesting that the
interaction between temporal direction and task type is only observed with the effect
of operation span. Pairwise comparisons showed that the participants rated more
pre/re-experiencing of future events in the single-task condition than in the dual-task
condition (p < .01, %95 C.I. =[.189, 1.133]), but this difference appears to depend on
the levels of operation span (see Fig. 1). Furthermore, the two-way interactions
between temporal direction and task type F(1, 78) = 1.51, p = .22, n,*> = .019, task type
and group F(1, 78) = 0.89, p = .34, n,> = .011, task type and operation span F(1, 78) =
0.38, p = .53, 1> = .005., and temporal direction and group F(1, 78) =2.28, p = .13,
np> = .028 were not significant. There was a significant two-way interaction between
temporal direction and operation span F(1, 78) =4.95, p <.05, n,> = .060., but temporal
direction’s main effect was not significant (1, 78) = 1.26, p = .26, n,> = .016. The
scatterplots illustrate this interaction (see Fig. 2), showing that the centered operation
span score is negatively associated with pre-experiencing of future events (averaged
across task type), while that score is positively related to re-experiencing of past events

(averaged across task type). Lastly, the main effect of task type was significant F(1,
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Centered operation span

78)=17.09, p < .01, n,> = .083. Pairwise comparisons showed that the participants rated

more pre/re-experiencing in the single-task condition (M = 5.36, SD = .15) than in the

dual-task condition (M =4.92, SD = .15)

Fig. 1. The relationship between operation span and the pre-experiencing of imagining

future events in both dual-task and single-task contexts.
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Fig. 2. The relationship between operation span and the pre-experiencing of imagining

future events and remembering past events.
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Visual Imagery

There were no three-way interaction effect for both temporal direction, task type and
group F(1, 78) = 0.21, p = .64, n,> = .003, and temporal direction, task type and
operation span F(1, 78) = .01, p = .91, n,> = .000. Two-way interactions were also not
significant; temporal direction and task type F(1, 78) = 1.77, p = .18, np> = .022, task
type and group F(1, 78) = 1.01, p = .31, n,> = .013, task type and operation span F(1,
78) = 0.28, p = .59, % = .004, temporal direction and group F(1, 78) = 0.15, p = .69,
np> = .002, and lastly temporal direction and operation span F(1, 78) = 0.13, p = .71,
np> = .002. There was a main effect of task type F(1, 78) = 5.40, p < .05, 0> = .065.
Accordingly, the participants rated more visual imagery for the single-task condition
(M =6.07, SD = .10) than for the dual-task condition (M = 5.82, SD = .11). The main
effect of temporal direction was not significant £(1, 78) = 0.50, p = .47, 1> = .006.
Auditory Imagery

There were no three-way interaction effect for both temporal direction, task type and
group F(1, 79) = 0.01, p = .91, ny> = .000, and temporal direction, task type and
operation span F(1, 79) = 0.00, p = .93, n,*> = .000. Two-way interactions were also not
significant; temporal direction and task type F(1, 79) = 0.48, p = .48, n,*> = .006, task
type and group F(1, 79) = 0.00, p = .95, 0> = .000, task type and operation span F(1,
79)=0.13, p = .71, np* = .002, temporal direction and group F(1, 79) = 0.07, p = .78,
np”> = .001, and temporal direction and operation span F(1, 79) = .98, p = .75, 0> =
.000. There was a main effect of task type F(1, 79) = 5.20, p < .05, n,> = .062.
Accordingly, the participants rated more auditory imagery for the single-task condition
(M =5.28, SD = .16) than for the dual-task condition (M =4.91, SD = .18). The main
effect of temporal direction was not significant (1, 79) = 0.09, p = .75, n,> = .001.
Spatial Imagery

The analysis showed no three-way interaction between temporal direction, task type
and group F(1, 79) = 0.08, p = .77, 1> = .001. There was a three-way interaction
between temporal direction, task type and operation span F(1, 79) = 4.40, p < .05, np°
= .053. Pairwise comparisons showed that the participants rated more spatial imagery
when they think of the past events in the single-task condition than in the dual-task
condition (p < .05, %95 C.I. = [.019, .887]). However, this result indicates that the

interaction between temporal direction and task type depends on the levels of operation
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span (see Fig. 3), as the two-way interaction between temporal direction and task type
was not significant F(1, 79) = 1.42, p = 23, np> = .018. The remaining two-way
interactions were also not significant; task type and group F(1, 79) =0.02, p = .87, np°
=.000, task type and operation span F(1, 79) = 1.07, p = .30, n,> = .013, temporal
direction and group F(1, 79) = .43, p = .51, 1> = .005, temporal direction and operation
span F(1,79)=1.02, p= .31, n,> = .013. The main effects of task type F(1, 79) =2.61,
p = .11, > = .032, and temporal direction F(1, 79) = 1.15, p = .28, 1> = .014 were
also not significant.

Fig. 3. The relationship between operation span and the spatial imagery of

remembering past events in both dual-task and single-task contexts.
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There were no three-way interaction effect for both temporal direction, task type and
group F(1, 79) = .03, p = .85, np> = .000, and temporal direction, task type and
operation span F(1, 79) = .00, p = .97, n,*> = .000. Two-way interactions were also not
significant; temporal direction and task type F(1, 79) = 1.54, p = .21, np> = .019, task
type and group F(1, 79) = .72, p = .39, np> = .009, task type and operation span F(1,
79) = 1.09, p = .29, np> = .014, temporal direction and group F(1, 79) = 2.82, p = .09,
np> = .035, and temporal direction and operation span F(1, 79) = 2.10, p = .15, np*> =
.026. There was a main effect of temporal direction F(1, 79) =3.98, p < .05, n,*> = .048.
Accordingly, the participants rated the future events (M = 5.04, SD = .14) more
positively than the past events (M = 4.60, SD = .17). The main effect of task type was
not significant F(1, 79) = 0.82 p = .75, np> = .001.
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Intensity

The analysis showed no three-way interaction between temporal direction, task type
and group F(1, 79) = 0.92, p = .33, 0> = .012. The three-way interaction of temporal
direction, task type and operation span task was also non-significant F(1, 79) = 0.10,
p =75 > = .001. There was a significant two-way interaction between temporal
direction and group F(1, 78) = 7.79, p < .01, np? = .090. Pairwise comparisons based
on estimated marginal means revealed a significant group difference, suggesting that
visual group rated less intensity than verbal group for future events (p < .05, %95 C.1.
=[.165, 1.299]). Additionally, future events were rated as more intense than past events
in verbal group (p < .05, %95 C.I. = [.070, 1.030]). The interaction effect is illustrated
in Figure 4. There were no other two-way interactions; temporal direction and task
type F(1, 79) = 0.59, p = .44, 1> = .007, task type and group F(1, 79) = 0.30, p = .86,
Ny’ = .000, task type and operation span F(1, 79) = 0.44, p = .50, n,> = .006, temporal
direction and operation span F(1, 79) = 1.70, p = .19, ny*> = .021. The main effect of
temporal direction F(1, 79) = 0.30, p = .58, 1> = .004, and task type F(1, 79) = 0.92,

p=.76,ny> = .001 were also not significant.

Fig 4. Interaction between temporal direction and group (group 1 = visual, group 2 =

verbal)
5.1
%‘ 48 Temporal Direction
3 Past Events
S Future Events
45
42

Group

Personal Importance
The analysis results revealed no three-way interaction both between temporal

direction, task type, and operation span F(1, 79) = 0.35, p = .55, np> = .004, as well as
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between temporal direction, task type, and group F(1, 79) = 0.04, p = .83, n,> = .001.
There was also no two-way interaction effect; the interaction between temporal
direction and task type F(1, 79) = 0.35, p = .55, np*> = .004, task type and group F(1,
79) = 0.28, p = .59, > = .004, task type and operation span F(1, 79) = 0.96, p = .33,
np> = .012, temporal direction and group F(1, 79) = 1.18, p = .27, np> = .015 and
temporal direction and operation span F(1, 79) = 0.30, p = .58, n,*> = .004. Lastly, no
main effects were observed for both temporal direction F(1, 79) = 0.00, p = .95, 1> =
.000 and task type F(1, 79) = 0.32, p = .56, > = .004.
Imagery Perspective

No three-way interaction were observed both between temporal direction, task type,
and operation span F(1, 79)=0.27, p = .60, np> = .003, and between temporal direction,
task type, and group F(1, 79) = 0.50, p = .48, n,> = .006. Two-way interactions were
also not significant; the interaction between temporal direction and task type F(1, 79)
=2.04, p = .15, np* = .025, task type and group F(1, 79) = 1.04, p = .31, n,> = .013,
task type and operation span F(1, 79) = 0.24, p = .62, 1> = .003, temporal direction
and group F(1, 79) = 0.49, p = .48, > = .006, and temporal direction and operation
span F(1,79)=0.73, p = .78, np> = .001. The main effects were also not significant for
both temporal direction F(1, 79) = 0.00, p = .95, n,> = .000 and task type F(1, 79) =
0.19, p = .66, 0> = .002.
Voluntary Rehearsal

There were no three-way interaction effect for both temporal direction, task type and
group F(1, 79) = 0.35, p = .55, ny> = .005, and temporal direction, task type and
operation span F(1,79) = 0.27, p = .60, n,*> = .003. Two-way interactions were also not
significant; temporal direction and task type F(1, 79) = 1.58, p = .21, np> = .020, task
type and group F(1, 79) = 0.08, p = .77, np*> = .001, task type and operation span F(1,
79) =0.78, p = .37, np*> = .010, temporal direction and group F(1, 79) = 0.40, p = .52,
np> = .005, and temporal direction and operation span F(1, 79) = 0.95, p = .33, np*> =
.012. The main effects were also not significant; task type F(1, 79) = 0.89, p = .34, n°
=011, temporal direction F(1, 79) = 0.20, p = .65, n,> = .003.
Involuntary Rehearsal
The analysis showed no three-way interaction of temporal direction, task type and

group F(1, 79) = 0.36, p = .54, n,*> = .005. The three-way interaction of temporal
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direction, task type and group was significant F(1, 79) = 4.20, p < .05, np> = .051.
Temporal direction and task type’s two-way interaction were not significant F(1, 79)
=1.59, p = .21, n,* = .020, suggesting that this interaction depends on the levels of
operation span. Although pairwise comparisons did not show any differences, this
interaction may have caused by the correlations between operation span scores and
within-subject factors. To delve into this interaction’s nature, we analyzed how
temporal direction and task type related to operation span measure (see Fig. 5). The
scatterplot illustration elucidates this interaction by depicting a positive correlation
between the single-task of past remembering and operation span, as well as between
the dual-task of future thinking and operation span. Moreover, it indicates a negative
correlation between the single-task of future thinking and operation span, as well as
between the dual-task of past remembering and operation span. These reversed
relationships likely underlie the nature of this interaction. The remaining two-way
interactions were not significant; There was also no two-way interaction effect; the
interaction between temporal direction and task type F(1, 79) = 1.59, p = 21, 0> =
.020, task type and group F(1, 79) = 1.06, p = .30, n,> = .013, task type and operation
span F(1,79)=0.24, p = .62, n,*> = .003, temporal direction and group F(1, 79) = 0.00,
p=.92, > =.000 and temporal direction and operation span F(1, 79) = 0.20, p = .65,
Np> = .003. The main effect of task type F(1, 79) = 0.59, p = .44, n,*> = .008, and
direction F(1, 79) = 0.85, p = .77, ny> = .001 were also not significant.
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Fig. 5. Correlations between operation span and within-subject measures.
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There were no three-way interaction effect for both temporal direction, task type and
group F(1, 79) = 0.00, p = .97, n,* = .000, and temporal direction, task type and
operation span F(1,79) = 0.28, p = .59, n,*> = .004. Two-way interactions were also not
significant; temporal direction and task type F(1, 79) = 0.06, p = .79, n,*> = .001, task
type and group F(1, 79) = 2.26, p = .13, n,> = .028, task type and operation span F(1,
79)=0.08, p = .77, np* = .001, temporal direction and group F(1, 79) = 0.31, p = .57,
1p> = .004, and temporal direction and operation span F(1, 79) = 0.58, p = .44, np* =
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.007. There was a main effect of task type F(1, 79) = 15.54, p < .001, n,> = .164.
Pairwise comparisons revealed that participants found imagining or remembering an
event during the single-task (M = 5.96, SD = .11) easier than during the dual-task (M
=5.39, SD = .14). The main effect of temporal direction was not significant F(1, 79)
=0.44, p = .50, > = .006.

Specificity

There were no three-way interaction effect for both temporal direction, task type and
group F(1, 79) = 3.06 p = .08, n,> = .038, and temporal direction, task type and
operation span F(1, 79) = 0.41, p = .84, n,> = .001. Two-way interactions were also not
significant; temporal direction and task type F(1, 79) = 0.28, p = .59, n,*> = .004, task
type and group F(1, 79) = 0.22, p = .88, np> = .000, task type and operation span F(1,
79) = 0.28, p = .59, % = .004, temporal direction and group F(1, 79) = 0.49, p = .48,
Np> = .006, and temporal direction and operation span F(1, 79) = 0.04, p = .83, np> =
.001. The main effects were also not significant; task type F(1, 79) = 0.00, p = .99, n,>
=011, temporal direction F(1, 79) = 0.32, p = .57, 1> = .004.
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APPENDIX F: Informed Consent

Bilgilendirilmis Onam Formu
Arastirmanin amaci nedir?
Bu arastirma, ge¢misi hatirlama ve gelecegi kurgulama becerilerinin ¢oklu gorev
becerileriyle nasil bir baglantisi oldugunu incelemektedir.
Bize nasil yardimei olmanizi isteyecegiz?
Arastirmaya katilmay1 kabul ederseniz, sizden beklenen, bilgisayar karsisinda
kulaklik takarak birtakim biligsel gorevler yerine getirmenizdir. Calismaya katilim
yaklagik olarak 45-50 dakika siirmektedir.
Sizden topladigimiz bilgileri nasil kullanacagiz?
Arastirmaya katiliminiz tamamen goniilliiliik temelinde olmalidir. Ankette, sizden
kimlik veya kurum belirleyici higbir bilgi istenmemektedir. Cevaplariniz tamamiyla
gizli tutulacak, sadece arastirmacilar tarafindan degerlendirilecektir. Katilimcilardan
elde edilecek bilgiler toplu halde istatistiksel analizler i¢inde degerlendirilecek ve
bilimsel yayimlarda kullanilacaktir. Sagladiginiz veriler hicbir sekilde kisisel
bilgilerinizle eslestirilmeyecektir.
Katilimimizla ilgili bilmeniz gerekenler:
Aragtirma, genel olarak kisisel rahatsizlik verecek uyaran ve soru icermemektedir.
Ancak, katilim sirasinda herhangi bir nedenden 6tiirii kendinizi rahatsiz hissederseniz
caligmay1 yarida birakabilirsiniz. Boyle bir durumda deney asistanina bilgi vermeniz
yeterli olacaktir.
Bu bilgiler 15181nda liitfen asagida uygun gordiigiiniiz secenegi isaretleyin:

Arastirmaya katilmayi kabul ediyorum.

Arastirmaya katilmak istemiyorum.
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APPENDIX G: Ethical Approval Statement

ISTANBUL MEDIPOL UNIVERSITESI
SOSYAL BILIMLER BILIMSEL ARASTIRMALAR ETiK KURULU
ETIK KURULU KARAR FORMU

BASVURU BILGILERI

ARASTIRMANIN ACIK ADI

Garsel ve Sazel Calisan Bellegin Epizodik Gelecek
Diisiincesi Uzerindeki Rolii

KOORDINATOR/SORUMLU

ARASTIRMACI
UNVANIADI/SOYADI

Burak YILDIRIM

KOORDINATOR/SORUMLU

ARASTIRMACININ
UZMANLIK ALANI

Psikoloji Yiiksek Lisans Ogrencisi

KOORDINATOR/SORUMLU

ARASTIRMACININ Istanbul
BULUNDUGU MERKEZ
DESTEKLEYICI -
ARASTIRMAYA KATILAN TEK MERKEZ COK MERKEZLI ULUSAL ULUSLARARASI

MERKEZLER

Sayfa 1
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. iSTANBl_IL MEDIPOL UNIVERSITESI .
SOSYAL BILIMLER BILIMSEL ARASTIRMALAR ETIK KURULU
ETIK KURULU KARAR FORMU
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; Belge Adh Tarihi Numarasi Dili
E 5
== ARASTIRMA PROTOKOLU/PLANI
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: &
'E‘ BILGILENDIRILMIS GONULLU OLUR
= FORMU

Tiirkge [ Ingilizce |:| Diger |:|
Karar No: 14 Tarih: 09/02/2023

.= Yukarida bilgileri verilen Sosyal Bilimler Bilimsel Arastirmalar Etik Kurulu bagvuru dosyas: ile ilgili
£ % |belgeler arastirmanin gerek¢e, amag, yaklasim ve yontemleri dikkate alinarak incelenmis ve aragtirmanin
L. - -at - e - - - -
2aE etik ve bilimsel yénden uygun olduguna “oy birligi™ ile karar verilmistir.
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