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Abstract

Purpose of the Review To provide a systematic review of experimental studies concerning cognitive functions in compulsive
buying-shopping disorder (CBSD) and to evaluate the studies as supporting or not supporting the affective and cognitive
interactions proposed by the Interaction of Person-Affect-Cognition-Execution (I-PACE) model for addictive behaviors.
Recent Findings The results of the present review concerning CBSD mirror findings regarding cue reactivity and disadvanta-
geous decision making in other addictive behaviors, but they also demonstrate a relative lack of experimental studies address-
ing other cognitive domains such as attentional bias, inhibitory control, implicit associations, or Pavlovian-to-instrumental
transfer. Experimental work on physiological and neural correlates of affective and cognitive mechanisms and their interac-
tion in CBSD is still at the beginning.

Summary While a reasonable number of experimental neuropsychological studies support the application of the [-PACE
framework to CBSD, future research is required to systematically examine affective and cognitive interactions in CBSD.

Keywords Compulsive buying-shopping disorder - Cognition - Behavioral addiction - Experimental paradigm - I-PACE
model
Introduction

Key features of compulsive buying-shopping disorder

Tobias A. Thomas and Maithilee Joshi share first authorship. (CBSD) include diminished control over the consumption
of consumer goods and extreme preoccupation with buying/
This article is part of the Topical Collection on Addictions. shopping, resulting in excessive purchasing of items with-

out utilizing them for their intended purposes [1¢]. While
unregulated buying/shopping behavior leads to substantial
negative consequences and impairments in important areas
of functioning (e.g., debts, family discord, reduced quality
of life) and/or clinically relevant distress, it is continued or
even escalated [2]. CBSD is a cross-national public health
problem [3e, 4] with an estimated prevalence of approxi-
mately 5% in the adult population [5]. However, whether
CBSD can be recognized as a distinct mental disorder, and
if so, how it should be best classified, has been debated for
many years. Because of shared clinical features with impulse
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been favored by some authors in the past [6]. Typical over-
lapping features are, e.g., repetitive failures to resist a strong
impulse or urge to purchase consumer goods, longer-term
harm either to the individual or to others due to inappropri-
ate spending, and the increasing tension or affective arousal
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prior to a CBSD episode, which is relieved while buying/
shopping [2]. These considerations may have contributed
to the mention of CBSD as an example of “other specified
impulse control disorder” in the coding tool of the 11th revi-
sion of the International Classification of Diseases (ICD-11)
[7]. To be consistent with the ICD-11 terminology, we use
the term “compulsive buying-shopping disorder” throughout
the text to describe the phenomenon.

Very recently, CBSD has been linked to disorders due
to addictive behaviors because of phenomenological and
potential neurocognitive similarities [3e, 8—10]. By apply-
ing the ICD-11 criteria for gambling and gaming disorders
to CBSD, phenomenological parallels exist with respect to
impaired control over the behavior (e.g., onset, frequency,
intensity, duration, termination, context), increasing priority
given to the behavior to the extent that it takes precedence
over other life interests and daily activities, continuation or
escalation of the behavior despite negative consequences,
and significant distress or impairment in important areas of
functioning due to the behavior [7]. In terms of neurocogni-
tive overlaps, an increasing number of experimental studies
are being published indicating that CBSD fits in the ICD-11
category “disorders due to addictive behaviors” [3e, 8—10].

Regarding neurocognitive processes, it seems reason-
able to apply the Interaction of Person-Affect-Cognition-
Execution (I-PACE) model for addictive behaviors to CBSD,
particularly the inner circle of affective and cognitive inter-
actions [11e]. In accordance with the I-PACE model, an
urge to buy/shop something can be induced by internal
(e.g., discomfort, boredom, self-insecurity) and/or exter-
nal (e.g., advertisements, watching influencer posts, having
extra money available) triggers. The repeated experience of
positive feelings or relief from negative mood states while
buying/shopping may result in an attentional bias related to
these triggers, which in turn can reinforce the urge to buy/
shop (in later stage of CBSD the craving for buying/shop-
ping) and lead to an increase of buying/shopping activities.
These interactions may be moderated by reduced general
inhibitory control in the early stages and mediated by stim-
ulus-specific inhibitory control deficits in the later stages of
CBSD, finally resulting in more and more habitual maladap-
tive buying/shopping patterns [11e, 12e]. The affective and
cognitive processes are likely to be associated with neuroad-
aptive changes in frontostriatal circuits over time [11e, 13e].
However, while a number of studies investigated affective
and cognitive mechanisms in CBSD using behavioral tasks,
neuroimaging studies on neural correlates are so far scarce
[14ee, 15].

The present systematic review of experimental stud-
ies addressing cognitive functions in CBSD represents an
update of past narrative reviews [9, 10]. It was based on a
systematic literature search and subsequent breakdown of
results by cognitive domains. Since the number of studies
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on this topic was still relatively sparse, the time period for
literature search was not restricted. At the same time, special
attention was paid to progress made since 2018. Further-
more, we differentiated between studies using standardized
behavioral tasks and those using adapted task versions with
shopping-related cues. Another goal of the present system-
atic review was to evaluate the studies as supporting or not
supporting the affective and cognitive interactions proposed
by the I-PACE model [11e].

Method

The literature search aimed to identify all studies that
assessed cognitive functions in relation to CBSD with exper-
imental paradigms until July 2022. A comprehensive search
string was created and adopted for Scopus and PubMed (see
Table S1 in supplementary material). The complete search
strings for both engines can be found in the supplementary
Table S1. Studies written in English that conducted experi-
mental research in cognitive domains related to CBSD were
included. Studies not meeting these criteria were excluded.
The initial search from both websites yielded a total of 377
papers (PubMed: 27 and Scopus: 350). After reading titles
and abstracts, duplicates and publications not meeting the
inclusion criteria were excluded, resulting in a final number
of 26 studies included in the present review (see flow dia-
gram, Figure S1 in supplementary material). After reviewing
the full texts of included publications, the study results were
divided according to cognitive domains they addressed. It
is important to note that one paper can belong to more than
one domain, if multiple cognitive domains were investigated
within the study.

Results
Cognitive Domains

The experimental results were assigned to the following cog-
nitive domains: working memory/learning abilities, atten-
tion/attentional bias, cognitive flexibility/planning, cue reac-
tivity/craving, Pavlovian-to-instrumental transfer (PIT; i.e.,
the shift from behavior underlying Pavlovian conditioning to
behavior rather driven by instrumental conditioning), deci-
sion making, inhibitory control, implicit associations, and
others (i.e., if the paradigm was developed for the specific
study). Table S2 (in the supplementary material) lists an
overview of all included studies by cognitive domain. Most
studies addressed multiple cognitive processes and applied
multiple experimental paradigms accordingly. The most
important results are summarized below. Of the 26 studies,
a total of eight have been published since 2018. Detailed
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information about all included studies (i.e., sample descrip-
tion, design, operationalization of CBSD, experimental para-
digm, outcome variables, main findings) is shown in Table 1.

Working Memory/Learning Abilities

The number of studies that focused particularly on memory
processes in CBSD is comparably small. The advantage of
the studies is that they all compared individuals with CBSD
with healthy control participants. Two studies used estab-
lished test batteries to measure general cognitive functioning
with neutral cues (without shopping-related cues) [16, 18].
Individuals with CBSD exhibited greater deficits in spatial
working memory than control participants in one study [16],
but did not differ from control participants in another study
on a spatial memory and a verbal learning task [18].

In the study of Kyrios et al. [17], a mood induction fol-
lowed by a subsequent recognition memory task with shop-
ping-related pictures was used. Surprisingly, a memory-
facilitating effect of depressed mood was found in healthy
control participants but not in individuals with CBSD [17].
In the second part of the same study, a recognition memory
task in which products of high or low preference/rank were
paired with functional or emotional words was conducted
[17]. Persons with CBSD showed inferior performance when
products were paired with functional words and superior
performance when preferred products were paired with emo-
tional words.

Attention/Attentional Bias

With regard to general, not shopping-related attention and
concentration performance, no difference emerged between
individuals with CBSD and control participants on the
d2-test [22], Stroop Color Word Test [18, 22, 23], and Let-
ter—Number Sequencing subtest from the Wechsler Adult
Intelligence Scale [18] between patients with CBSD and
healthy control participants. Jiang et al. [21] used an adopted
version of the Stroop task (i.e., modified with online shop-
ping words) to investigate potential attentional bias towards
online shopping in a convenience sample. Individuals with
high symptom severity of online CBSD showed attentional
bias towards online shopping-related stimuli [21].

Studies using the dot-probe paradigm (DPP) with shop-
ping-related compared to neutral pictures did not reveal
conclusive results. Vogel et al. [20ee] reported a lack of dif-
ferences in DPP performance between patients with CBSD
and healthy individuals. Trotzke et al. [19ee] and Jiang et al.
[21] administered the DPP with shopping-related pictures
in convenience samples and did not find significant correla-
tions between symptoms of CBSD and DPP performance.
However, it is worth noting that in the Trotzke et al. [19ee]
study potential habituation effects were observed due to the

administration of different tasks. The authors reported sig-
nificant positive correlations between the attentional bias
score and CBSD symptom severity after controlling for
sequence effects (order of task administration) [19ee].

Cognitive Flexibility/Planning

A small number of studies addressed cognitive flexibility in
individuals with CBSD compared to healthy control partici-
pants by using standardized (all not adopted with shopping-
related cues) experimental paradigms. Derbyshire et al. [16]
administered the Intra-Extra Dimensional Set Shift Task to
measure rule learning and behavior flexibility. Black et al.
[18] and Trotzke et al. [22] used the Wisconsin Card Sorting
Test to assess categorization and cognitive shifting abilities.
None of the studies included in this review found any differ-
ences between individuals with CBSD and control partici-
pants [16, 18, 22].

Cue Reactivity

To measure cue-induced affective or craving responses,
shopping-related cues were used in all studies, and different
methods were chosen: subjective ratings of affective/crav-
ing responses (e.g., valence, arousal, urge to shop, purchase
desire), peripheral physiological measure (skin conductance
response, SCR), electroencephalogram recording (EEG),
and functional brain imaging (fMRI).

In convenience samples, a positive correlation between
symptoms of CBSD and subjective affective/craving
responses towards shopping-related pictures was found
[19ee 240 25 26, 29]. Findings from clinical samples sup-
port the results. Patients with CBSD reported stronger sub-
jective craving towards shopping-related cues than control
participants [20ee, 28] and an increase in subjective craving
after the cue-reactivity paradigm [28].

Studies measuring cue reactivity with peripheral physi-
ological measures revealed no correlation between SCR and
symptom severity of CBSD in a convenience female sam-
ple [29]. In a clinical sample, SCR in response to shopping
cues was stronger in patients with CBSD than in control
participants [28]. However, there were no significant SCR
differences within the CBSD group across shopping-related
and neutral pictures, which may have indicated a generally
elevated level of arousal in individuals with CBSD com-
pared to healthy control individuals.

Lawrence et al. [27] assessed electroencephalogram cue
reactivity in a convenience female sample. They used a com-
bination of a recognition memory task with shopping-related
pictures and a cue-reactivity paradigm (with a recall and a
rating phase), where participants had to indicate their sub-
jective urge to buy for each picture. Responses to preferred
and non-preferred items were set in relation to EEG brain

@ Springer



Current Behavioral Neuroscience Reports (2023) 10:1-19

1 dnoi3 ur rnwns payefar

-3urddoys auruo spremo)
seiq feuonuany :doong

soouaroyIp dnoi3 oN :ddd

sQouaIyyIp dnoisd oN
$)09JJ0 uonEMIqey J0§
Surponuos uaym sojdures
-qns ur jnq ‘ordwes €10}
ay ur SgD jo swoydwks
pue ooueurioyred Jdq

U99M]2q SUOTIB[ALIOD ON

SQoudIIp dnoi3 oN

uonounj jo s3doouod yim
ueyp) s3doouod feuonowd
M ST JOWNSUOD
pajeIdosse A[3uons
arow qsgD ¢ Apms
asdgo
jou Inq D)) Ul poowr
passaxdap Jo 10932 Sune)
-1[1oej-KI0WA T ApmS

DD ueyy gsgD W
(se139)e]s JOLIQJUI ‘SIOLId

JIow) doueWIOIdd 191004

SOWIN UOTIORAI UBIIA

(srern Juaniguoout Jo
QU UOTIORAI UBQWI WOTJ
S[eLn Juani3uod Jo awmn
uonoeal ueaw unoen
-qns) 2I00$ SBIq [eUONUANY

(srern Juoni3uoosut Jo
QW) UOTOBAT UBIW WOL)
S[eLn JuenISuod Jo awmn
UOTjoBaI UBW JUnNoRn
-qns) 9100§ SeIq [EUONUNY

[eoa1 pakeap pue [ejo],

sarmord pajefar
-3urddoys jo uonrugooay

Qouewnioyrad o013
-3JeI)s ‘SIOIID JO JOqUUAN

sprom pajerar-3urddoys
ynm yse], doonsg
PAYIPOA (¢ ‘sermord
[ennau pue paje[ax
-Surddoys wim 4d4q (1

sarnyord
[eINAU pue pajear
-Surddoys pm 44a

sarnjord
[ennau pue paje[ar
-Surddoys yim 4da

pasIAy-Yse], Sururea|

[eq1oA sunydoH (g

‘PISIAY-1SOT, ATOWSA
[enedsonsiA jourg ([

samoid payerar
-3urddoys yym ysey 1o
-WOW-ONURWAS :7 ApmS
sanjord
pajerar-3urddoys yiim
yse) Krowaw uoniugo
-001 Juonbasqgns pue
uononpul poour ;] Apms

(papnjour send paje[ar
-3urddoys ou) ysey
Kiowow Jurspiom [enedg

9[eog uon
-o1ppy Surddoyg auruQ

RLIILIO
Te 30 KON[HON ‘Sdd

Sdd

BLIOILID

Te 30 KOI[HON ‘SED

sS40

MITAIU] SISPIO
-s1 9s[ndwy ej0sduUIA

8T =1 ‘Mo[

(€ ‘ey=u ‘wnipaw (g

‘Lg=u Y31y (] :sdnoi3
Kyraass woydwks ¢
ordwes aouaruaAu0))

DD 'sA [ dSED

ordures 9oUSTUSAUO))

DD A . ASED

DD '$A ,ASED

DD SA . ASID

3 %0VS

s1eak €' TF9°0T
86=N

J By L

s1eak 9'0T F Q'+
6¢=""2u

J By L

s1eak 80T FO'Sh
6¢ =058y

J v L

SIBRIA G 6F 9T
LLT=N

F %8

sIeak 841 F4'6€
¢ =u
J%S'88

sIeak /'GT F€'9¢
g =S80y

J %6'88

s1eak /' CTF1'LE
L1="2u
F%9°0L

s1eak /[ 1 F6'8E
g1 =asady

J %609

SIBAK ' EF 11T
¢7="%u

J %609

SIBK G'EF¢TT
¢z =058y

(1] (euryD)
LT0T “Te 10 Suerf

[02] (Aurwiion)
610T “'[e 10 [930A

[ee6]] (AurULIoD)
020T “Te 10 9yZ301],
SBIq [EUOTUSNE/UOTIUSNY

[81] (vSn)
T10T T 19 3¥or1g

[L1] (erensny)
€10T e 10 soLky|

[o1] (VS
107 T8 32 21ysAqIa(

SanI[Iqe SuruIea)/AI0WoW JUIOAN

s3urpuy urejy

J[qeLIeA JWOOINQ

w3ipered

asdo
Jo uonezifeuoneradQ

uSsoq

SoTewoy %,
(s Fueow) a3y

UWN
ordureg

(Anunoo) Apmgs

(@sgD) epiosip Surddoys-3urAnq aarsindwod ur suonouny dANIUS0d UO SAPNIS | d|qel

pringer

Qs



Current Behavioral Neuroscience Reports (2023) 10:1-19

wIeo|
0) Surures] ‘peyodwod
SOLI039)ED ‘SIOLIO QAT
-eAJosa1d ‘SI10110 9AIE
-AIosaxd-uou ‘sasuodsarx
aAnEAIaSaId ‘SI0119 (810}

SQoudIIp dnoi3 oN (g ‘owmn uonardwo) (T

sQouaIyyIp dnoi3 oN

sQouaIyyIp dnoid oN

sQouaIyyIp dnoi3 oN

SQouaIyyIp dnoisd oN

SoudIIp dnoi3 oN

SIOII9 JO JoqUInu [BJO],

IOUBH JO Jomo], JO uorn

-o1dwoo 10§ popaau oW

PUB S9AOW JO IOqUUNN
(¢ ‘s10119 9ATyRAIOSAId
JO Joquinu ‘payoeal
SO11039)8d JO JoqUUAN

(¢ *owm uonarduio) (7

Surouonbas
Surquinu 19197 (g
‘sawur) uonoear uedA (|

Sauur) uorjdeal UedJN

sown uon
-0BaI UBIJA (T ‘sainjiey
snurw Swal 8107, (T

(papnjour sand paje[alr

-3utddoys ou) 1SOM (T
g pue

V 1831, SunyeA-[reL, (1

(papnyout

sand pojera1-3urddoys

ou) JseL, IJIYS 198
[eUOISUSWIPEI)XH-CNU]

(papnout

sano pojera1-Surddoys

ou) IOUBH JO JoMO],

(g 997, SunJog preD

PAYIPOIN (T g PUe V
1S9, SuyEIN-[reL, ([

(papnyour sand
parefar-3urddoys ou)

J[edS QoudsI[[AIU] NPy

IO[SUOOAN 9Y) WOy

Js9)qns Jurouanbag

IoqQUINN—INT (7 89
piopp Jojo) doons (1

(papnyour sand
pojerai-3urddoys ou)
1S9, pIop\ Jo[0) doong

(papnout

sano pojerar-Surddoys

ou) 1897, pIop\ I0[0D
doong (g 1sa1-zp (1

BLIOILID
Te 30 KOX[HIN ‘SED

BLIQLIO [ 30 AOI[FOIN
‘MOTAIONU] SISPIOSI]
as[ndw ejoSauUIIA

SIOPIOSIP

[onuod asyndwr 1oy

aIds ‘o[eds suikng
SAIVIPPY UBWIRD ‘SHD

RLIDILIO
Te 30 KOXHIN ‘SED

SIOPIOSIP [ONUOD
asyndwr 105 IDS ‘SAD

SIOPIOSIP

[onuod asyndwr 10§

dr1Ds ‘oredos Suikng
SATRIPPY UBWLIOY ‘SED

DD A ASID

DD '$A ,ASED

0D s S0

DD 'sA ,ASED

0D 'sA ,ASED

DD sAdSID

J %78

sIeak 841 F4'6¢
ze="u

J %588

sIeak /'G] F€'9¢
g7 =488y

3 %609

stk ¢ F 11T
€z ="u

3 %609

s1Bak e F¢TT
¢z =058y

JBHEEL

s1eak ¢OTFO'Ch
0g="u
FBHeEEL

S1eaKk 9'0T F Q'
0¢ = 9880y

Suruuerd/Kniqrxoy eAnIuso)

J %Y v8

s1eak 891 F4'6€
Te="u

J %S '88

sIeak /'GT F€'9¢
g =S80y
JH1'C8

SIeA €01 F1°6€
gz=""u

J %908

SIBA €11 F L0
[ ¢ =088y
J%HeEL

s1eak ¢ 01 FO'Ch
0g=""u
J%HeEL

s1eak 90 F8'CH
g =asddy

[81] (vsn)
T10T “IB 10 3orlg

[o1] (WS
107 e 32 axysAqIo(q

[cT] (Auewen)
4ST0T “T8 19 9YZI01L,

[81] (vsn)
T10T T8 19 3¥or1g

(2] (Auewon)
¥10T “Te 19 YI0A

[22] (Auewion)
qS10T “[e 1 az301L,

s3urpuy urejy

J[qeLIeA JWOIINQ

w3ipered

asdo
Jo uonezifeuoneradQ

uS1soq

SoTewoy %
(s Fueow) a3y

UN
grdureg

(Anunoo) Apmgs

(ponunuoo) | sjqey

pringer

a's



Current Behavioral Neuroscience Reports (2023) 10:1-19

uonIpuod douejurenboe
pue JuoAd aAnIsod e 0}
paredwod se a11sop seyod
-nd oY) paonpa. puaLly

e Jo oouasaxd oyl ‘qsdD
Jo Ayroads woydwAs
Y3y P sjuedronred
10 "qSgD jo swoydwAs
pue a1sop aseyoind

JuaA9 9AnIsod e

Jo pauwiojul (¢ pue uon

-1puod douryurenboe (g

‘uonIpuOd PUALLY 9SO[d

(1 03 paugisse Ajwop
-uel syuedionred :9JoN

9res uo sueal

Jo ared e pue s300s jo ared I %E0F T Apmg [67]
QAT}O[QNS uaamIdq QI1S9p B U99MJoq 9500 0) pey s1eak 6 TF 861 (SpuepIoyaN Y1)
UOTJB[ALI0) JATISO] aseyoand aanoslqng  syuedonied Q3D PRYIPOIA X:0) o[duwres sousruLAUO)) PEI=N 8107 “I¢ 19 SOLIA 9p
Iy yvL
SIRIK 901 F 81
00 6 =""u
ey qsgO ur sermord (Anq 0y I %YL
parefa1-3urddoys spremo) 93In ‘[esnore ‘90udeA) sarnyord pajerar BLIOILID S1eaA 801 FO'SH [ee0T] (Auewizon)
Surae1d aAanoalqns 1oy Surae1d 9A1302[QNg -3urddoys ym 4D ‘Te 19 KoIgoIN ‘Sdd DD 'sA , dSID 6¢ =58y 610T e 12 [950A
asdo utjuo
Jo swoydwiAs pue saxmord
paeja-3urddoys spremo) (Anq 0y sanyo1d [ennau 3 %9'CS
SurAeIo 9A1OA[qNS UdaMIdq 93In ‘[esnore ‘90ud[eA) pue pajefar-urddoys Surddoys-1say, SIBIK 9'0] FH' 1€ [eet7] (AueurIon)
UOTIB[1I0D JJRIOPOIA Surae1d 9An08lqng QUITUO PIM JYD  UONJIPPY 1QUIU] 1I0YS o[dures souarusAu0)) LS=N 610T “'T8 12 9YZ101],
ds9go jo swoyduiks (Anq 0y I %y L
pue SurAeIo 9And(qns 931n ‘[esnore ‘9dus[eA) saxmord pajerar SIBA G 6F 91T [ee6]] (AuBUIIOD)
U9M]9q UOTB[ALIOD DAISOJ Surae1d 9A1309[qng -Surddoys ym 4D sdd 9rdures dousIUAUOD) LLT=N 020T “Te 310 ™Z101],
dnoi8 qsgD ur A1110A3s
woldwAs yiim pajeroosse
WNJeLIs [BIJUIA Ul A3
-ATIOR ‘WNJRLIS [ENUSA
oy ur seouaroyIp dnoid
ou DD uey S Ut
WNJeLns [esIop 3y} ur san 1%6°88
-TATIOR JOUSIY :JYD Furing sIeA 1°01 F L6
00 81="u
uey) qsgD ur semord D Surmp eusis TING ‘sernjord 3 %6°88
porefar-urddoys spremo) 1O Ul SQUAIYIP [eIINAU pue pajelar BLIDILID SIeAK 9'8F /LY [eet]] (AueUIIOD)
Surae1d 2andalqns 1oy3ryg pue SuraeId 2A1O2[Qng -urddoys yim 3}D ‘Te 10 AoI[goN ‘Sdd DD A, dSID Q1 =958y 120 <Te 19 Z7301],
uraeI1o/A1IAT}ORAI 9N
SoTewoy %
(s Fueow) a3y
asdo WN
s3urpuy urejy J[qeLIRA QWO w3ipered Jo uonezipeuonerad uS1soq grdureg

(Anunoo) Apmgs 5,
x
|

(ponunuoo) | sjqey



Current Behavioral Neuroscience Reports (2023) 10:1-19

asdgo
ur YD A Ioyge Suraeio
QAT3O9[qns ur asearout

FpeEL
‘DD uey dSD Ut s1edk 01 F0'Ch
sainyord pojerar-Surddoys asuodsar soue 0¢=""u
Sp1emo) asuodsar aoue -10npuod urys ‘(Anq 03 sammord BLIQILIO ‘T8 30 J%EEL
-JoNpuod urys Iay3ry pue 93In ‘[esnore ‘90ud[eA) [ennau pue paje[ar  AOI[FIIN ‘O[edS SurAng SIBIK 9°01 ¥8'CH [82] (Auewiany)
Surae1d aAnoalqns 1oy Surae1d 9A1309[Qng -Surddoys Yym gD 9ANDIPPY UBWLIAD ‘SFD DD 'sA , dSdD 0g = as8y +107 T8 30 9yz101],
K)119A9S
woydwAs qsg) 01 uon
-B[o1 UT SW)I 231-y31y
Jo uonejuasaxd Surmp
DHH 2Y) Ul UOTIRZI[eIE]
POpIS-1Jo[ {ASHD Jo A sormord
-10A9s woydwAs Y3y saInseaw poyerar-3urddoys pue K10ju9AU] UONIUTOD) 3 %001
im syuedronaed ur 90URIAY0d DFH pue ysey Krowow uoniuso SuiAng ‘o[eog uonrs SIBOK 'L F€°ST [£Z] (erensny)
Surae1o aAnoalqns Y3ty Anq 01 93m oAnpoRlqng 021 YIIm JYD POYIPON  -mboy aarsindwo) ‘sgD ordures oouaruaauo)) TZ=N +10T “Te 10 ouaIime ]|
dsg) autuo Jo AJLI9AS
woldwAs Y3y yim
syuedronred ur J¥O oy
I9)Je SurABIO 9ATIOR[qNS
ur asearour gy 1sod
pue axd S gD suruo jo
swoldwAs pue Juraerd 3 %001
2AnO2lqns usamiaq (Anq 01 931n ‘[esnore) sand saxmord pajear Surddoys-1say, SRk 01 ¥9°9C [92] (Auewion)
UONB[Q1I00 QATISOJ Surae1o oAnoafqng  -Surddoys ouruo YIm YD UOTIOIPPY JQUINU] JI0YS ordures 9ouQTULAUO)) OFC=N  ®SI0T “Te 10 oyZ101],
amsap
aseyoind o) pasvaiout 1
‘@s9goO moyym sfenpia
~IpUL IO S[IYM ‘ISP
aseyaand oY) pasva.toap
(eourjurenboe 0} pared
-wod Sk) PualLlj € JO
douasaxd oy ‘qsdD Jo uonIpuod
Kroass woydwAs ySiy douejurenboe (g pue
s syuedronred 10,y UONIPUOD PUSLIJ ASO[D
‘dsdp jo swoydwAs (1 031 paugisse Afwop
pue axsop aseyoind -uel syuedionied :9JoN I%'8y $ Apmgs [sz]
aAT}OR[qNs usamiaq QIS9P 7 Apmi§ ur se uon SR T ECF L6061 (spueproyjaN aY.L,)
UONR[1I00 JANISOJ oseyoind aanoafqng  -emyis [eonoylodAy sweg sdD o[dwres 9oudIUAAUOD) $O=N  810T ‘I 12 SALIA 9P
SoTewoy %
(s Fueow) a3y
asdgon UN
s3urpuy urejy J[qeLIRA QWO w3ipered Jo uonezipeuonerad uS1soq grdureg (Anunoo) Apmgs

(ponunuoo) | sjqey

pringer

a's



Current Behavioral Neuroscience Reports (2023) 10:1-19

SYO9p snoa3

-BjuUBApE ) UO pakerdsip

arom sormord Surddoys

QUITUO UAYM 0) paredwiod

S09p SNOTLJUBAPESIP

Q) uo pake[dsip arom

sainjord Surddoys

QUITUO UQYM SUOTSIOIP
SnoaSejuRAPESIP QIO

asdo auruo jo
swoydwAs Y)m pajeroosse

jou 109Jje-1 14 Surddoys
Jo apmmuSew ‘oseyd s3ur
-ure1) uerAojaeq Surmp
SOIOUAZUTIUOD pauIEd]
oym suosiad ur1ooe-11d
Surddoys pue Surwe3
*payst[qeIse ANTIqrsea]

DD uey dSID

ur suorstoop aseyoind
urmp x9)100 dje[n3urd
JOLIJUE Ul AJIATIOR JOUIIY

3

‘uonyejuasaxd 9o1xd Surnp
DD uey) gSED Ut gpnsut
ur K)IAIOB JOMO[ ‘UONBIUD
-saxd jonpoid Surmp D)
uey) gsg ur syonpoid
Jy3noq Apuanbasqns 10§
wWnyeIns ur AJIanoe I0YSTH
Kyraaes woydwds qsgD
01 paje[ar Jou asuodsar
20uLONPUOd URYs {dSID
Jo swoydwAs pue Jur
-ARID 9AT)OR[qnS UoMIaq
UONB[1I0 JANISOJ

samyoid jonuod
pue pajefar-3urddoys

Q100§ JoU [ D] SUI[UO Y)IM PayIpowt [OT

109JJ2

-1L1d ‘Surddoys/3urued
‘S910U3UNUOD JO SSAU
-oreme ‘(qSgO/Surmes ur

wiSpered-11d jo ANfiqisea]

3se) UoIs
-199p SuLINp SANIATIOR

oseyd roysuery,

(¢ ‘oseyd [ejuawunnsuy
(g ‘oseyd ueraojaed (1

Surddoys

auruo pue Surwres

QUITUO O} paje[al SAIN)
-o1d yyim wiSipered-1 14

TG ‘syonpoad
IowInsuod jo sainjord
M YSB], 9seyaInd 1o

104 Ut seouarajiq  sSurpjoy Suraes paydepy

asuodsar ooue

-10npuod urys ‘(Anq 03

93In ‘[esnore ‘9oudleA)
SuraeIo 2andalqng

SoNd paje[al
-3urddoys yim 3yD

Surddoys-jsag,
UOoNOIPPY JouIolu] 1Ioys

Surddoys-jsag,
uondIppy IouINU] 1I0YS

9[eos Jur
-Ang 9ATOIPPY UBULIDD)

sS40

ordwres aousruaAu0))

ordwes 9oudIUAAUOD)

0D 'sA ,ASED

S[dures 9oUSTUSAUO))

3 %9°CS
s1eaK 9'01 F4'1¢
LS=N

[eetT] (AuetIon)
610T "8 12 MZI01L,

SYSB) PAZIPIEpPUELIS—SUN LW UOISIOd]

F%TS9
SIRAK '€ F8'€T

99=N

[ee0¢] (Auewizon)
810T “'[e 10 [950A

IoJsuel) [BJUSWNIISUI-0)-URIAO[AB]

3 %001

SIBA Q01 F L' It
cg="u

3 %001

SIBK T T F T
c7 =058y

3 %001
seA ¢y F 67T
99=N

(1] (Auewron)
110 “Te 10 qeey

[67] (Auewion)
€10T “Te 1 IS

s3urpuy urejy

J[qeLIeA JWOIINQ

w3ipered

asdo
Jo uonezifeuoneradQ

uS1soq

SoTewoy %
(s Fueow) a3y

UN
grdureg

(Anunoo) Apmgs

(ponunuoo) | sjqey

pringer

Qs



Current Behavioral Neuroscience Reports (2023) 10:1-19

3 %6°09
SR '€ F 11T
€z ="u
) uey) qSgD ur  jusunsnlpe ysu ipajquies (pepn[our sond pajefal BLISILIO “[€ 39 KOI[HOIN 3 %6°09
jusunsnfpe YSII SS9[ pue syutod pue suorsroap -Surddoys ou) yse[, ‘MATATIU] SISPIOSI(] SIRAK G'CFCTT [91] (VSN)
Junyew UOISIOIP I2I00] [euonei jo uoniodoid Surquien) a3prquie) as[ndwy vjoSauUIIA DD 'sA .ASID €z=9u {10g “Te 19 anyskqrog
asdo jo swoduwiks J %S08
pue oouewiojred 10T JSB[ pUE ISIY U9M)dq (popnpour sond  1otAeyeq SurAng noqe sIeA ['TFE€T [e€] (puelIazIIMG)
U99M]9q UOTIB[AII0D ON  QOURISJJIP ‘21008 1ou [0 parefeI-Surddoys ou) 191 arreuuonsang) Youar] o[duwres sousruLAUO)) S6=N 0102 “'Te 3@ XnaIIg
3 %Y'v8
sIeA Q4] F'6¢
ze="u
3 %S'88
(papnyout sand BLISILID s1eak /' GTF¢'9¢ (811 (VvSN)
souAIyIp dnoi3 oN 21005 19U [D] Ppare[Ir-3urddoys ou) 1O ‘Te 10 AoI[OIN ‘S9D DD 'sA ,ASAD 9z =599y Z10T “Te 32 Yoelg
3 %18
SIBAK €' 01 F 1'6€
g7="u
DD 3 %908
uey) (ISgD Ul SUOISIOAP (papnpour sand SIOPIOSIP [01UOD SIeA ¢ 11 F L 0% [¢2] (Auewrrany)
SnoogejuRAPESIP IO 2100s 19U [ D] pare[er-3urddoys ou) 10 ospnduwir 10) IS ‘SID DD 'sa , dSdD ¢ =358y 10T “'Te 319 YIoA
3 %018
SIeoK €71 F1°€E
17="u
3 %9°8L
[e101 ‘uasoyo suondo (pepn[our sand pajefal SgD ‘oreos Sur SIedK 0'01 FT1€ [z€] (Auewron)
sQouaIyyIp dnoisd oN As11 jo Aouanbaig -3urddoys ou) [ QD  -Ang 9ATOIPPY UBULIID) 0D 'sA . ASID gz =954y ST0T “Te 12 150A
I BeEL
s1eak 01 F 0T
souaIyIp dnoi3 ou (] D SIOPIOSIP 0§ ="u
0D uey) uasoyd suondo Aysi (papnpout [0nuoo asynduwir 10§ I%CEL
dS gD Ul SuoISIoap snoag Jo Aouanbaig ‘0100 sond pajepaI-Surddoys ou) dids ‘oreds Sulkng sIeA 9'01 F8'C [22] (Auewion)
-BJUBAPESIP 9I0W ][O 19U [(D 21098 19U O] LdO ‘IOI  9ADSIpPY UBWIRD ‘SYD DD 'sa,dSddD 0e="%u  qg10T “e 10 MzZI01L,
3ununoossip
Ke[op a1ouw yim paje
-100sse a1 qSgD Jo
swoldwAs a10w Jey)) Jur (popnpour
-JBOIpUIT “OAIND JY) Jopun o) pakerep juedronred sano pojerar-Surddoys 3 %6°69
eaIe pajoIpard A[oAneSou ) yoIym 0) 9I39p OU) JUBLIBA UBO[ )IM s1eA 46 F 78T [1€] (Auewion)
swoydwAs dSgD 9yl) 2AIND QY Jopun vaIy st Sununoosiq Ae[oq sdad 9rdwres dousIUAUOD) €OI=N L10T T8 19 Te[OdIN
SoTewoy %
(s Fueow) a3y
asdo WN
s3urpuy urejy J[qeLIRA QWO w3ipered Jo uonezipeuonerad uS1soq grdureg (Anunoo) Apmgs

(ponunuoo) | sjqey

pringer

a's



Current Behavioral Neuroscience Reports (2023) 10:1-19

10

asdo
Jo swoydwAs spremoy

3uraeIo pue ‘suoniu3od
yordwr ‘jonuod £10)
-IQIYUI JO SUOT}ORIIUL
ng ‘qsgD jo swoydwAs

sormord fennou pue I %YL
PUE SIOLI UOISSIWWOD SI01I9 pajeaI-Surddoys yym SIBL G'6F 9T [ee6]] (AuBIIOD)
UQOM)Oq UONR[OIIOd ON  UOISSTUIIOD JO JoquinN  YSe], SunjIys oAnosyy sdd ordures 9ouQTUAAUO)) LLT=N 020T “Te 10 oyZ101],
[onuod K1031qIyuy
DD eyl dsdO
ur suoIsIoap aseyoind
Sunmnp x901109 9re[nIuro
JoLIdJuE Ul AJIATIOR JoyIIY
‘uoneyuasard aorid Jurmp
DD uey) SO ut ernsur 3 %001
ur AJIATIOR JOMO] SUOTIBIUD SR Q01 F L' I
-sa1d jonpoid Surmp HH TIING ‘s1onpoad c7="u
ueyy gsg) ur syonpoid Jse} uots JIownsuod Jo saxmjord 1%001
Jy3noq Apuonbasqns 10§ -109p 3uLInp SaNIAOR )M YSe], 9seydIngd Jo 9reog 3ur SIRK T CI FTT [s1] (Auewrron)
wnerns ur A)1anoe oySIH 109 ur seouardyig  sSuip[oH SuiaeS paydepy  -Ang QANOIPPY UBULION 0D 'sA S ¢ =959y 110T “Te 32 qeey
POZIWIXBW 2IOM SJOI[oq
pare[a1-3urAnq Ji pue
SJUTEN)SUOD [eIoURUY 0) SUONIPUOD SHUTEIISUOD
onp SW)I [BUSSI-UOU [eIoUBUY PUE SJOI[2q
Anq 03 s931n Jo uonIqIyur SurAnq Surzrwrxeuwr 10 J %08 18101,
SSO[ pomoys A)JLIOAS Surzrururuw J9y3Ie ‘sjon sIeA L' CIFI'LE
woydwAs qsg) Mmo[ -poid Jownsuod [ennau Q1 ="u
Yim 9soy) 03 paredwod pue Sunduwa) jo soim K10juoAuy s1ek /°G1 F6°8¢ [c¢] (erensny)
Y31y ym syuedronreq Anq 0} UoISI29Q -oid yyim ysey oseyoind  uonmugo) Suidng ‘SgD DD 'sA . ASID L1=Du  $107 “Te 10 UsINDON
sarxoid pojerar-3urddoys
Uo uoronNpul poow Jo
109359 ou ‘sarxoxd pajear 1%001
-3urddoys jo juoxa Anq 0} SIBA ['€TFTET
19y31y paNqryxa AJLI9AS Ayiqeqoid ‘Anqg 03 931N sjonpoid rownsuod op=""u
woydwAs qsgD Mo  dyroads-jonpoid ‘Kouowr Jo sarmord yim yse) 3 %001
y)m asoy) 0) paredwod  arow Aed 0) ssouIur[im aseyoand juanbasqns SgD ‘oreos Jur SIBA G'€TF0ET [¥€] (Auewion)
y3rg yum syuedronaeg  :sorxoxd pojerar-3urddoys [IIM UononNpur poojy|  -Ang 2ANOIPPY UBWLIAN DD sA dS9D 0 =958y $10T ‘T8 12 1307
syse) ogroads Surddoys-3urAng—3unyewr uorsaq
SoTewoy %
(s Fueow) a3y
asdgon UN
s3urpuy urejy J[qeLIRA QWO w3ipered Jo uonezipeuonerad uS1soq grdureg (Anunoo) Apmgs

(ponunuoo) | sjqey

pringer

Qs



"

Current Behavioral Neuroscience Reports (2023) 10:1-19

asgp jo swoydwAs

(papnout 3 %0L
PUE SIOLID UOISSTUILIOD SIOIID sono paje[ar-Surddoys SIA T'ZI F8'LT [L€] (Auewiony)
U00M]Oq UOTB[OIIO) 9AISOJ  UOISSIWIIOD JO JOqUINN ou) yse], 0D-0N/0D) sdad o[dures 9ouQIULAUOD) 001 =N 9107 “Te 10 Te[OdIN
UONIPUOd JOPUIIAI uonIpuod [01U09 (7 10
diyspuatiy ur syern 03-oN uonipuod repurwar diys
ur DAdIP pue DOV Ut A1t -puatid (] o) Ajwopuel
-AT)OR 19Y3IY pue saInjrej SANIANOR poaugisse syuedronaed
uoniqyui ssaf :dsgD Jo 109 UI S90UIHIP TIAG ‘seamord oy
Kyraaes woydwks mop ‘swo)t (3ury)oo) 03-oN -TuIng OIseq SNSIOA 3 %001 G Apmis
y)m asoy) 03 paredwod 0) sasuodsar yqIyur 0} (3undwey) uryjoro s1BK 8 1 FH°0C [sz] (puerraylaN)
y3g yum syuedronaed up - saIn[rey Jo equinu [B10], )M JSB]-0DON/0D) S9D grdures souaruaauo)) Ov=N 810T & 12 SOLIA 3p
uonIpuod 19FULNS
e (s SuIdq (¢ puoLy
IoSuens € y)m 1o 1oy} Ym Surkess (g
quore Sureq 0) paredwod quore 3uraq (] 03 Ajwop
se soroudje| asuodsar -uel paugisse sjuedron
PISBAIOAP YIIM PIIRIOOSSE -Ieq "pudLlj 9SO[d
Sem puaLyj € Jo oouasaid e 3uriq o3 pey syuedion
reorskyd oyy ‘asgo s[eLn -Ied “(papn[out sono 3 %001 ¢ Apmg
Jo A1m19A3s woydwAs JuanISuodUI UO SAID parefar-3urddoys ou) s1ek L 1 Fy61 [sz] (puerroyioN)
U3y s sjuedionred up  -uoyef asuodsar a3eroay  yse], doong pIopp Io[oD i) ordures oouaruaAuo)) 0SI=N  810T “Ie 12 SOLIA 9p
UONIPUOd [01UOD uonIpuod [01U09 (7 10
a1y 01 paredwod saInyrey uonipuod repurwal diys
uonIqIYUI JO JoquInu -puatyj (1 03 A[uopuer
JOMO] Y)IM PIJRIDOSSE paugisse sjuedronaed
Sem UOT)IPUOD JOPUIIAI ‘sarn)ord armyruing orseq
diyspuari, oy ‘qsgD swa)l (Suryiord) 03-oN sns1oA (Sundwa) =) 3 %001 I ApmS
Jo A119A9s woydwAs 0) sasuodsar yqmyur 0} Surypo yim yseJ, s1eak [ TF861 [sz] (puerraylaN)
U3y yim sjuedronaed up  seInjrey Jo requunu [BI0], 00)-0N/0D) PAYIPOIA Y:®) ordures dousIUAUOD) [9=N  SI10T ‘T8 12 SALIA 3p
3By L
s1BK 9'01 F 841
6€="u
sormord I %y L
SIOLId  [ennau pue paje[al-Surd BLIDILID s1eA Q' 01 FO'SY [ee(7] (AurUIIOD)
soouarofyip dnoi3 oN  UOISSIWWOD JO JOqUINN -doys ym 0H-oN /0D ‘Te 39 KoIgoIN ‘Sdd 0D 'sA S 6¢ =a599y 610T T8 39 [950A
asdgon
Jo swoydwAs pue 90U (papnyout sand J%SL9 [ee9€]
-I9)UT SN[NWNS UdMIOq UOT}IPUOD 0UD pajera1-3urddoys ou) SIRA '8 F LT (Auew1on) 00T
UOTJB[OLI0D QANISOJ  -IOJISIUI UI QW) UOHIBIY ysel, Suryojey doong sdad 9rdures dousIUAUOD) =N “Ie 39 Jowrypury
SoTewoy %
(s Fueow) a3y
asdgon UN
s3urpuy urejy J[qeLIRA QWO w3ipered Jo uonezipeuonerad uS1soq grdureg (Anunoo) Apmgs

(ponunuoo) | sjqey

pringer

a's



Current Behavioral Neuroscience Reports (2023) 10:1-19

12

3By vL
s1eA 9'01 F8 1
6 =""u
sormord I %YL
[ennau pue paje[ax BLIOILIO SIBA Q01 FO'SH  [ee07] (AuewrIon)
QouarayIp dnoisd oN Q100G IS¢ -Surddoys ynm v ‘Te 32 AOIgOIN ‘Sdd 0D 'sA [ dSID 6¢ =958y 6102 e 32 'ToS0A
S109fJ° uonEMIqRy I0J
Surjonuos uaym sojdures
-qns ut Jnq ‘odures [e103
Ay ur S gD Jo £1110aas sarmord I %y vL
woydwAs pue 21008 95Ty [ennau pue paje[ox SIRIK G'6F 9T [ee61] (Auewizon)
U99M19q UOTIB[ALI0d ON ar00g I8¢q -Surddoys yim V1 sdd ordures oousIuLAUOD) LLZ=N 020T “'Te 30 Z101],
suorneroosse jrorduy
suorssardxa
asgp jo swoydwAs [euonjow uewIny Jo T %S08
pue douewiojrad yse) sadA) ¢ yym yse, Joraeyeq 3urknq jnoqe SIeA ['TFE€T [e€] (puelrazimg)
U99M)9q UONR[LIOd ON  dwl) uonoeal feusis doyg Teusig doig reuonowyg arreuuonsanb youar] 9rdures dousIUAUOD) S6=N 0102 “Te 30 XnaIIg
3 %6°09
SIBK ' EF 11T
€z ="u
(papnout 3 %6°09
DD uey qSgD sano pojerar-Surddoys MITATNU] SISPIO S1eK G'EF €T [91] (VSN)
ur oouewojrad yse) 101004  own uonoear feudis dojg ou) yse[, feudis doyg  -siq asyndwiy vjosauUIN DD 'sA .ASID €g=TBu 410z “Te 19 anyshqoq
3 %018
SIeA ¢TI F €€
172="u
(papnpout 3 %9°8L
sono paje[a1-3urddoys SgD ‘oreos Sut SRk )01 FT' 1€ [z€] (Auewran)
soouarayyp dnoi3 oN  owm uornjoear feudts dojg ou) yse[, [eudi§ dojg  -Ang SATOIPPY UBWLIAN 0D 'sA . ASID gz =54y ST0T “Te 12 150A
3 %8y
SIBK G 1 F'8C
UoOnNIPUOd YSe) JO SSI| uononpuI [esnore 16="2u
-pre3a1 ‘D) 0) paredwod pue sarmord fennau 3 %SS
asgp ur soueuriojrad SIOIId pue pajefaI-3urddoys s1eA 6L F0'GT [8¢]1 (GIN)
yse) 100d A[[BIOUSD  UOISSTWIWOD JO JoqUINN )M YSB], 0D-ON/OD o) DD 'sA ,ASID 76 =84y 910T “'[® 10 anSey
SoTewoy %
(s Fueow) a3y
asdgon UN
s3urpuy urejy J[qeLIRA QWO w3ipered Jo uonezipeuonerad uS1soq grdureg (Anunoo) Apmgs

b
)
)
5
et
|9
A
&l

(ponunuoo) | sjqey



13

Current Behavioral Neuroscience Reports (2023) 10:1-19

1891, SUNJIOS pIe)) UISUOISIA “ISIM QOUSSI[[AIU] JO 9[BOS PAIRIAAIQQY IS[SYIA TSVM TAS 10J MIIAISIUI [BITUI[D PAINIONIS ‘(77DS ‘I9JSULT) [RIUSWINIISUI-0)-UBIA
-0[ARq ‘[]d ‘Ioua1dg JuiAng [esr3o[oyied ‘g4 uenonb aouagiaur ‘97 Sse], Surjquier) BMmo[ ‘7O7 Sse], uoneroossy yordwy fy7 S[sel, 901 Jo swen ‘7o ‘FJuiSewr 90UBUOSAI d1ouIeW
reuonouny ‘7ypf ‘wdipered 0qord-10p ‘gd@ x1109 [ejuorjaid [e10)e[0SIOp ‘) J]p ‘widipered Aj1anoeaI-and ‘gy) ‘dnoigd [onuood ‘H) (IousaIds urAng aarspndwod ‘g saareuuornsanb uo sa100s
dsdD Y31y yim s[enpraIput ¢,gsgo ‘syuoned Sunjess-juswiean ¢, gsgo uspuadap (99 usdAxo poolq ‘G704 ‘uoneurwexy eiseqdy onsousel uoisog ‘FVJd (XoH00 Ae[n3uld JO0LSIUE D)V

3 %Yv8
yse) uonerdwod a1 (papnpour s183K 841 F1°6€
-o1d o) uo 1oy31y Apued sono pajerar-urddoys 7€ ="u
-yrugis pa1oos dnoid Kouany reqroa {Apjoinb ou) 159) SurWeU [eWIUL 3 %688
dsdo ‘Avdd pue [SVM S[TeIOp [ENSTA 9ATOdIRd AvAg saiqns uon BLISILID s1eak /' GTF¢9¢ (811 (VSN)
10§ sQ0uaIyyIp dnoid oN 0} Apiqe <oreds OF 11 -o[dwod 21md1d SISVM ‘Te 30 KOI[HON ‘S9D DD "sA ,ASID 97 =958y 2102 e 10 Yoerg
uonorpaid swn
Jo Koemooe pue SgD J %T6'9L
Jo swoydwAs usomioq uon SIBA T'GFG€T [6€] (Auewion)
UONE[aII0d 9ANE3aN  -orpaid awmn jo KovInooy yse) uononpoid sy, sqad o[dures souarusAu0)) 8.=N S10T T8 19 TR[0JIN
RELte)
3 %Y v8
s1edk 841 F1°6¢
(papnpout e="u
sano pojerar-3urddoys J %688
spIom 0U) 1S9, UOTJRIJOSSY RLIDILIO sIeak /°G] F€'9¢ [811 (VSN)
Qouareyip dnoid oN paonpoud Jo roquinN PIOA [BIQ Po[[ONU0D) ‘Te 19 KoI[goIN ‘SdD 0D 'sa ,dSdD gz =599y 10T “Te 30 yoerg
SoTewoy %
(s Fueow) a3y
asdo WN
s3urpuy urejy J[qeLIRA QWO w3ipered Jo uonezipeuonerad uS1soq grdureg (Anunoo) Apmgs

(ponunuoo) | sjqey

pringer

a's



14

Current Behavioral Neuroscience Reports (2023) 10:1-19

connectivity. The results indicated a left-sided lateralization
in the EEG during the presentation of high-urge items in
relation to CBSD symptom severity [27].

Trotzke et al. [14ee] investigated neural correlates of cue
reactivity in patients with CBSD compared to healthy con-
trol participants. They applied a cue-reactivity paradigm
with individualized shopping-related and control pictures
using fMRI and found stronger activities in the dorsal (but
not in the ventral) striatum in patients with CBSD than in
control participants during exposure to shopping-related
compared to neutral pictures. However, increased activity
in the ventral striatum was related to symptom severity in
individuals with CBSD but not in the control group [14ee].
These correlational results were consistent with the fMRI
findings of Raab et al. [15] who found increased activity
in the ventral striatum (nucleus accumbens) when patients
with CBSD were presented with images of attractive con-
sumer goods.

Pavlovian-to-Instrumental Transfer

The shift from Pavlovian-to-instrumental conditioning has
been studied in many mental health conditions including
substance use disorders and behavioral addictions (for an
overview: Garbusow et al., 2022 [40]), but only once so in
CBSD. Vogel et al. [30ee] administered a PIT paradigm with
appetitive pictures related to online gaming and online shop-
ping applications in a convenience sample. During the Pav-
lovian phase, 62% of the sample learned the experimental
contingencies and were able to discriminate between stimuli
predicting the presentation of gaming-related pictures and
stimuli predicting the presentation of shopping-related pic-
tures. Symptoms of gaming disorder, but not online CBSD,
predicted awareness [30ee]. Specific PIT-effects for gam-
ing and buying/shopping were observed in persons aware
of experimental contingencies [30ee]. Symptom severity of
gaming disorder contributed to the gaming PIT-effect, while
the magnitude of buying/shopping PIT-effect was not associ-
ated with online CBSD symptom severity [30ee].

Decision Making

To explore decision-making abilities in CBSD, mainly
standardized versions (without shopping-related cues) of
the Towa Gambling Task (IGT), Cambridge Gambling Task
(CGT), Delay Discounting Task (DDT), and Game of Dice
Task (GDT) have been utilized. Studies using the IGT, which
assesses decision making under ambiguity, revealed mixed
results. Billieux et al. [33] found no correlation between
IGT net scores and symptoms of CBSD in a convenience
sample and Black et al. [18] found no differences between
individuals with CBSD and controls in IGT performance.
In contrast, the studies of Trotzke et al. [22] and Voth et al.

@ Springer

[23] indicated more disadvantageous decision making under
ambiguity in patients with CBSD compared to control par-
ticipants. Studies involving the DDT in a convenience sam-
ple [31] or the CGT in a clinical sample [16] also showed
decision-making deficits related to CBSD. In terms of deci-
sion making under risky conditions, however, studies using
the GDT did not find group differences between individuals
with a high propensity towards CBSD compared to those
with low propensity [32] or patients with CBSD compared
to control participants [22].

The more recent IGT study by Trotzke et al. [24ee] is
an exception because it used a modified task with online
shopping-related pictures placed either on the advantageous
decks or on the disadvantageous decks (with control pictures
on the opposing ones in a convenience sample). Participants
with high online CBSD symptom severity compared to those
with low severity showed performance deficits when the
shopping cues were placed on the disadvantageous decks
[24ee].

The following three studies made use of adapted or spe-
cifically developed, closer to “real-world”, buying/shopping-
specific decision-making tasks with images of consumer
products. Vogt et al. [34] applied a mood induction and
subsequent purchase task with pictures of consumer goods
of relevance for female shoppers (clothes, shoes, jewelry,
makeup). They assessed the following shopping-related
proxies: likelihood to expose oneself to shopping websites,
willingness to pay more money, product-specific urge to
buy, and probability to buy. Participants with high symptom
severity of CBSD differed from those with low severity in
all variables, except the willingness to pay [34]. McQueen
et al. [35] utilized images from eight product categories
(body care items, accessories, sports equipment, kitchen
items, clothes, jewelry, footwear, electronic leisure items)
and found that buying-related cognitions may increase the
likelihood to purchase consumer items on a shopping-related
decision-making task, regardless of financial constraints.
Raab et al. [15] investigated the neural correlates of purchas-
ing decisions with fMRI by using an adapted version of the
Saving Holdings or Purchase task [41] with images from six
product categories (accessories, drinks, clothing, cosmetics,
jewelry, and sweets). They found a higher activity in the ven-
tral striatum (nucleus accumbens) during the presentation
of purchasable products, lower insula activity during price
presentation, and increased activation of the anterior cingu-
late cortex (ACC) during purchase decisions in individuals
with CBSD compared to control participants [15].

Inhibitory Control
The experimental studies that have employed behavioral

tasks to examine response inhibition in CBSD reported
mixed findings. With regard to studies using traditional
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behavioral tasks (without shopping-related cues) in conveni-
ence samples, poor response inhibition as measured with the
Stroop Matching Task or the Go/No-Go Task was related to
more symptoms of CBSD in two studies [36ee, 37], while
no correlations between task performance and symptoms of
CBSD were found regarding the Stop Signal Task in a third
study [33]. By using shopping-related versus neutral cues,
Hague and colleagues [38] found that individuals with high
symptom severity of CBSD performed worse on the Go/
No-Go task.

Using the Stop Signal Task in clinical samples, individu-
als with CBSD did not differ from the control group in one
study [32] but showed poorer task performance than con-
trol participants in another study [16]. Applying a modified
version of the Go/No-Go Task with shopping-related and
neutral pictures, no differences in task performance between
patients with CBSD and control participants were found in
the study of Vogel et al. [20ee]. However, using a modified
affective shifting task in a convenience sample, Trotzke et al.
[19ee] indicated interactions between implicit cognitive
processes (attentional bias, implicit associations), craving
responses, and inhibitory control performance on symptom
severity of CBSD [19ee].

A unique study (including 5 sub-studies) on the effect
of friendship reminders on inhibitory control was carried
out by de Vries et al. [25] in a convenience sample. In
sub-study 1, participants were assigned to a “friendship
reminder condition” or a control condition and performed
a modified Go/No-Go Task with tempting clothing pic-
tures compared to basic furniture pictures. The results
indicated that remembering a close friend (“friendship
condition”) was associated with less inhibition failures
in No-go trials (clothing items) in participants with high
symptom severity of CBSD compared to those with low
severity. In sub-study 3, task performance on the incongru-
ent trial of the traditional Stroop Color Word Task (with-
out shopping-related cues) was used to assess participants’
ability to identify a conflict and to implement self-control
[25] (note that according to the authors, the task was not
used to assess attention). Participants had to bring a close
friend and were assigned to one of the following condi-
tions: (1) being alone, (2) staying with a friend, or (3)
being with a stranger. The mere physical presence of a
friend reduced the response latencies on incongruent tri-
als in individuals with high CBSD scores as compared
to being alone or with a stranger. Sub-study 5 explored
the neural correlates of friendship reminders on inhibitory
control (same modified Go/No-Go Task as in sub-study
1). Participants with low levels of CBSD showed reduced
activation in the ACC and dorsolateral prefrontal cortex
after friendship reminders, while participants with high
CBSD symptoms had an increased activity in these brain
areas [25]. Taken together, the findings of de Vries et al.

[25] suggest that for individuals with CBSD, friendship
reminders or the presence of a friend increase self-control
in shopping-related conflict situations.

Implicit Associations

At present, there is a relative lack of experimental stud-
ies addressing implicit associations in relation to CBSD.
Black et al. [18] did not find differences in general asso-
ciative abilities (verbal fluency) between patients with
CBSD and control participants in the Controlled Word
Association Test (without shopping-related cues). More
recently, a modified version of the Implicit Associations
Task (IAT) with shopping-related versus neutral pictures
was applied to assess implicit associations towards buying/
shopping. By using the same modified IAT in their studies,
Vogel et al. [20e¢] did not observe differences in implicit
associations between patients with CBSD and control
participants, and Trotzke et al. [19¢¢] did not detect a
link between task performance and CBSD symptoms in
a convenience sample. However, when the analyses were
adjusted for habituation effects (i.e., controlling for order
of task administration) in the Trotzke et al. [19ee] study,
more symptoms of CBSD were associated with more posi-
tive implicit associations towards shopping-related cues.

Application of the I-PACE Model to CBSD

Figure 1 attempts to place the studies concerning cognitive
functions in CBSD that support or do not support assump-
tions of the [-PACE model within the inner circle of affec-
tive and cognitive interactions [11e]. While research clearly
supports the prominent role of cue reactivity and craving,
relatively few studies have addressed the other compo-
nents of the model, or studies have not produced conclusive
results. Nevertheless, a reasonable number of experimental
neuropsychological studies, particularly those using shop-
ping-specific cues, support the application of the I-PACE
framework to CBSD (see Table 1 for details).

Conclusions

The results of the present review concerning CBSD mirror
findings regarding cue reactivity, craving, and disadvanta-
geous decision making in other addictive behaviors [9, 10,
11e, 130, 14ee 15,16, 190, 200e, 22 23 24ee 26-29, 3],
34, 35, 42-44], but they also demonstrate a relative lack
of experimental studies addressing other cognitive domains
(e.g., attentional bias, inhibitory control, implicit asso-
ciations, Pavlovian-to-instrumental transfer). As shown in
Fig. 1, there is, however, preliminary support for affective
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and cognitive mechanisms and their interactions in CBSD
as assumed by the I-PACE model for addictive behaviors
[11e]. This applies in particular to cue-induced craving
[14ee, 15, 19ee 2(0ee 24ee 26-29] and disadvantageous
decision making under ambiguity [22, 23, 24e] which may
be the basis for shopping-specific habitual decisions and
behaviors [15, 24ee,  30ee 34, 35]. Other studies stressed
the role of buying-related beliefs in CBSD [35]. Some stud-
ies showed moderating effects of craving, implicit associa-
tions, or inhibitory control on symptoms of CBSD [19ee] or
on decision making [24ee], providing further insights into
potential pathomechanisms and support for the application
of the I-PACE model to CBSD. Experimental work on the
neural correlates of cue reactivity and executive functioning
in CBSD is still at the beginning. The few neuroimaging
studies highlight the importance of striatal activity in cue
exposure and of prefrontal structures, ACC, and insula in
inhibitory control/goal conflict identification [14ee, 15, 25].
These outcomes together with the other results mentioned
above correspond with findings about cue reactivity, craving,
executive functions, and neural pathways involved in addic-
tive disorders [8, 11e, 44]. Therefore, the present findings do
not only support the application of the theoretical I-PACE
framework to CBSD, but they also argue for classifying
CBSD as a disorder due to addictive behaviors.

Perception of external
and internal shopping triggers

Cue reactivity

The interest in CBSD in the last years has accelerated,
and there has been progress in neurocognitive research on
CBSD compared to the last reviews [9, 10]. An advantage
of most studies published since 2018 is that, with few excep-
tions, they have used behavioral tasks with disorder-specific
shopping cues. Nevertheless, the number of experimental
studies conducted within the past 5 years is low as com-
pared to experimental and neuroimaging studies in other
behavioral addictions, e.g., gaming disorder [13e, 45]. Stud-
ies of CBSD primarily addressed cue reactivity and possi-
ble deficits in inhibitory control processes in CBSD as key
characteristics of addictive behaviors. In contrast, atten-
tional processes, implicit associations, and the shift from
Pavlovian-to-instrumental conditioning have been studied
less intensively.

Clinical Implications

The importance of cue-induced craving responses in CBSD
has several clinical implications. Buying and shopping are
necessary everyday activities. The complete avoidance of
stores and online shopping platforms or abstinence from
the consumption of consumer goods is not realistic. The
ubiquity of advertising, merchandising, and other external
buying/shopping stimuli can cause strong urges to buy/shop

Shopping specific reductions in
inhibitory control

Reduction in general

inhibitory control

Vogt et al., 2015

I Lindheimer et al., 2020
Billieux et al., 2010

Nicolai et al., 2016
l Derbyshire et al., 2014

Affective and cognitive bias and craving
——— — ———— L
7 L - N Trotzke et al., 2021; Trotzke et al., 2020;
Attentional bias \ Trotzke et al., 2019; Vogel et al., 2019;
( Trotzke et al., 2020 Vogel etal., 2019 Trotzke et al., 2015a; Lawrence et al., 2014;
Jiang et al., 2017 Jiang et al., 2017 I Trotzke et al., 2014; Starcke et al., 2013;
Trotzke et al., 2015b Raab et al., 2011
I Voth et al., 2014
Black et al., 2012 I
| Cognitive flexibility/planning
Trotzke et al., 2015b I
I Derbyshire et al., 2014
Black et al., 2012 I
| Implicit associations
Trotzke et al., 2020 Vogel et al., 2019
Black etal., 2012 I Conditioning (PIT)
I Working memory/learning abilities
Derbyshire et al., 2014 Black et al., 2012 I *
\ Kyrios et al., 2013 / Vogel et al., 2018
Nee

Gratification

Compensation

Fig. 1 Experimental studies on cognitive functions in CBSD support-
ing (4) or not supporting (—) the assumptions of the I-PACE model
for addictive behaviors [11®]. Notes: A detailed description of all
studies is shown in Table 1. The paper by de Vries and colleagues
[25] has not been included in Figure 1 due to the highly specific
‘friendship’ condition. The paper by Nicolai et al. [39] and compo-
nents of the investigation by Black et al. [18] have not been included
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in Figure 1 due to high specificity of tasks. The thickness of the blue
boxes in the Figure represents the supporting and non-supporting
studies. Figure 1 must be interpreted under consideration of the fact
that the included studies differ regarding the methodology (i.e., sam-
ple size, convenience vs. clinical sample, neutral cues vs. shopping
specific cues etc.). PIT = Pavlovian-to-instrumental transfer
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and craving responses. Therefore, psychotherapy of CBSD
should deal with external (e.g., advertisements, watching
influencer posts, having extra money available) and inter-
nal (e.g., discomfort, boredom, self-insecurity) triggers
and strengthen self-control abilities to normalize buying/
shopping behaviors. Traditional cognitive-behavioral strate-
gies have been shown to be helpful in treating patients with
CBSD (for review see: [46]). Patients could further ben-
efit from third-wave behavioral treatments such as mind-
fulness-based therapy [47] or from adjunct neurocognitive
approaches such as inhibitory control and cognitive bias
modification trainings [48].

Limitations

The summarized studies and hence this systematic review
have several limitations. First, small sample sizes in some
studies limit the statistical power of their findings and might
be a possible reason for failure to report differences between
individuals with CBSD and healthy control participants [49,
50]. Second, convenience samples of some studies partly
relied on college or university student samples imposing fur-
ther constraints for external validity [51]. However, using
predefined convenience samples represents an adequate
attempt to explore research questions and serve planning
studies in clinical samples. Third, the number of studies in
some of the cognitive areas (e.g., PIT, implicit associations)
is limited hindering conclusions that can be drawn from
these sections. Lastly, Fig. 1 must be interpreted with cau-
tion, given the fact that the included studies differ regarding
the methodology (i.e., sample size, convenience vs. clinical
sample, neutral cues vs. shopping-specific cues).

Future Directions

The examination of psychophysiological and neural corre-
lates of affective and cognitive mechanisms of CBSD would
contribute to a better understanding of the phenomenon. In
addition, more studies are required that differentiate between
general cognitive deficits and specific affective and cognitive
alterations in response to buying-shopping-related stimuli.
As suggested in the I-PACE model for addictive behaviors
[11e], specific stimulus-related inhibitory control deficits are
considered especially relevant in later stages of the addic-
tion process. In line with this, future studies should aim
at investigating clinical samples and/or samples at a large
scale showing risky and pathological behaviors. Longitu-
dinal studies would help to explore trajectories of underly-
ing cognitive mechanisms and draw causal interpretations
regarding the direction of interactions between cognitive
processes and symptoms of CBSD. Moreover, potential ter-
tiary or external aspects that might influence CBSD such

as stress vulnerability, genetic predispositions, or context
variables should be considered, as well as comorbidity with
other mental disorders.
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