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Abstract

There has been an explosion of research on fear extinction in humans in the past two decades. This

has generated major insights but also brought a ngwal into focus: how to maintain extinction

memory over time (i.e., extinction retentior)Ve argue thathere arestill importantconceptual and

procedural challengem human fear extinction researdhat hamper advancemenn the field We

use extinction retention andi KS WSEGAYyOiGA2y NBGSYiliAz2y thefeRSE 069\
challenges Our systematic literature searcidentified 16 different operationalizationsof the ERI

Correlation coefficientsbetween these different operationalizationss well as with measures of
fear/anxietyshow a wide range of variability four independentatasetswith similarfindingsacross

datasets Our results suggest that there is an urgent need for standardizatitime field We discuss

the conceptual and empirical implications of these results pravide specificrecommendations for

future work.

Keywords:extinction retention index, extinction recall index, retrieval index, systematic literature

search, feaconditioning,meta-research



Introduction

In 2006, AndersomndL y A4St adF iSR (GKFd a¢KS RS@OSt2LISyd 27
based on the neurobiology of fear extinction represents perhaps the best current opportunity for

GNF yatladAy3 ySdaNBaOASyOS RA@Q2&E8I9SBIACe theyifficde Of A Y A (
has been an enormous growth in fear extinction resedect., 2,6) whichcontinues two decades later

(7, 8) This generated major insights into extinction mechaniém&;12) but has also brought a new

goalinto¥ 2 0dzaY G ¢ KS OdzZNNBy (i O KathietefSay radbctidh fi.¢., 2@&ioh]A & y 2
but rather tomaintainA & 2 GSNJ GAYS oA ®&fp8) Beta] wey/atyliertttat/deshitd G Sy i A :
decades of research, there are conceptaald procedural challenges that urgently need tbe

addressedfor experimental researclon extinction retentionto successfully translate into clinical

applications.
Extinction and extinction retention: Conceptual challenges

Extinction has been typically investigated $8ar conditioning experimeng® (13) Acquisitionof
conditioned fear is achieved by presenting mitially neutralstimulus ¢onditional stimulus, C8§
paired with an aversive event (unconditioned stimulus, W&)ch generates a fedC3/US)memory
(aproceduretermedfear acquisition trainingy While rodent work typically includes ordyCS+{single
cue protocos), human worktypically include a secondstimulus (CS) not followed by the US
(differential protocos). Importantly, conditioned responding is quantified differential responding

((CS)-(CY9) in differential protocols

When the CS+ is no longer followed by the foiSa sufficient number of trialsthe CR gradually
disappears(a procedure calledextinction training). The contemporary view is that the original
conditioned fear memory is not erased, but inhibited by a competing extinction meidjyUpon
presentation of theCS at a later timd.€., retention tes), the dominance of one of these menies
over the other determines whethefear is expressedféar retentior) or not extinction retentioi.

Experimental protocoldesigned to investigatextinction retention(e.g., 15ometimes include two



different CS+typesduring fear acquisition, witbnlyone beingsubsequentlyextinguished (CS+ehile

the secondsnot presentedduring extinctiortraining (CS+uunextinguishell Methodsin human4éar
conditionindare heterogeneous an@vensubtle proceduralvariationsimpacton learningprocesses

(discussed in(13)). The term W¥xtinction retentiohas beenused to refer todifferent procedural

scerarios (13). Typically, a tesphase followingafter (e.g., 24h)xtinction learning is refrred to as
GSEGAYOGA2Y NBvieGy fidlp speakidf, Ithis Sséordly appropriate when contextual
manipulations that likely triggedominance ofextinction over feamemoryare employed; such as

the test phase taking place in the extincti@arningcontext (i.e., AcBexBest). In the absence okuch
manipulationge.g.,AacPexifrest paradign), there is no reason to believe theite extinction memory is

more likely to be retrieved thathe fear memoryp ¢ KA & Aa Aff dza8QA2ASREQE2 Wi
dza SR (G2 NBTFSNI (2 G(GKS OSNE &) Sed dNBo@S RaladB5,F & WSE
13), the distinction betweerprocedure and process of utmost importance. More precisely, we argue

that a test phase (i.e., procedure) following extinction should be referrdtbaretically astetention

testq13) during whichthe re-occurrence of conditioned responding or its absentay beobsened

or hypothesizd. Accordingly the processesinderlying the observed results should be referred to as

WNBGdzNY 2F FSENR 2N WSEGAYOGA2y NBGSYiA2yQ NBa&LIS

Extinction and extinction retentionProcedural challenges

The operationalization of extinction and extinction retentialsovarieswidely (seg(13)), which we

illustratehereby @ A y3 G KS WSE(A y(ERigsan/exanplel SyiA2y AYRSEQ

The ER{as employed imodent work using freezin@.g., 16)was introducedo the human fieldusing

skin conductanceasponses (SCR)7¢19)as a crosspecies translational tooThe ERI followed on the

ideathat the strength of the respondinduringa retention test can bexpressed athe percentage of

the strengthof such respondinguring fear acquisitioffie®> G K2 g Y dzOK FSI NJ 02YSa

acquire®é UFdr illustration,O2 Yy AaARSNJ (162 AYRAGARdAZ faz 2yS o0a-£0



NBaLl2yasSa omx{0v (GKIYy (GKS 20KSNJ 64, €0 Rdz2NAy3I | Ol d:
undergo extnction training. During a later retention test, both individuals display the same amount of

CS+ responses (i.e., 0.5uS). Consequently, X's extinction retention would be considered more efficient

Fa O2YLI NBR (2 ., Qazx | a KSkratéathn taskvaitld rdspectSoithie CSH b NI 2

responses during acquisition training (based on an example provided by M.R. Milad).

Since its introductionn humans the ERhas been widely employedin particular for SCRsand is
assumed to represena standardized index that supports both comparability and replicability of
findings. Howevemur systematiditerature searchidentified 16 different calculationsf the ERUsing
SCRTo illustrde the potential impact of thisubtle- but often unrecogized¢ heterogeneity, we have
re-analyzedour datasetgo calculatethe magnitude of the correlationsetweenthesedifferent ERIs
Our resultschallengethe conceptual and empiricatationale for the ERI Finally, weprovide

recommendations for futurevork.
Methods and Materials

We conducted a systematic literature search to identify pesriewed studies publisheahtil October

2018 in which ana SEGA YOG A2y NBGSY A2y ushyITR Bné huntadsed 0 6 | &
Supplemenfor details). Subseqently, we usedSCRiata from a published studygataset with N=50

(20) to (re)calculate the ERUsing theformulasidentified bythe literature searchin short, 50 healthy
participantswith moderate to strongfear of spidersunderwent a two-day differential (CS+, Cp
paradigm(day 1:fear acquisition immediateextinction; day 2:extinction retention see Supplement

fordetailg. CAy I f t @83 ¢S OF f Odzf | ién® Betwd$he différeny ERfseeNAbl| 02 S ¥
1), since we were interested if the specific rdngtweenparticipants changes across ERI versidhe

ERIs were also (re)calculated in three additional datagddsases 2-4) all using a two day (i.e.,
immediate extinction(21)) or three day (i.e., delayed extincti¢2l, 22) paradigm inkuding two CS+s

(CS+e, CS+u) and one sShealthy participantgsee Supplementary material for methodological

details and results)in addition inspired by reviewer commentsprrelations between measures of



fear/anxiety and the ERIs were calculatedd#taset 1, the Fear of SpideQuestionnairgFSQ23))
was usedwhile the State Trait Anxiety Inventory (STA(24)) was used in datase®-4. P-values were
corrected for multiple comparisons using the Benjarkinichberg proceduré5)separately for cross

ERI correlations and correlations between thésed the FSQ and STAI respectively

Results

Heterogeneity in ERI calculation/e identified 16 different calculations of the ERI included 3@
separate studies (seéEable landnote that three studies(26¢28)includedtwo different ERVersions)
and a total34% of studies using SCRs du@mgtention testS Y LI 2 & BRRIn H26\tudies, the
retention testtook place in the extinction learning contekte. testing for extinction retention)while

in n=11studies, no contextual manipulation was applied.

The ERI calculationdentified differed in a multitude of waydrirst responding during theetention

test was operationalized as differential responding (i.e., difference between the CS+ andtle CS

yr'edp d0GdzRASE OKSYOSTF2NIK GRAFTFSNBYGALl P8stadies aé 0 |
0 KSy OS T 2RMITKF SANyS3/ofiek skudly(27 usdd dnsaddition a G®ased indey. Secondthe

number of trials the ERI was based on ranged from orfevéqone: n=4; two n=19; three: n=1; four

n=13; five: n=2)¢ a wide range in light ofapidly occurring reextinction due to nonreinforced CS
presentations during retentiorntest. Third responding during the retention test wa®rrected for

responding during acquisitidin=31 studieg or extinction(n=2) while also noorrectionwas employed

(n=4)

A~

Fourth of those31studiesQ O 2 NNNSREILN2YYAR A Y3 T2 NJ (0 K S (cR29)NBpodlingk 2 F  F ¢
during acquisition training was operationalized as the maximum response to the G3lie=CS+e

(n=13), any CS+ (i.e., CS+e or CS+l), mrany CS (n=1dhe average of the twoakrgest responses to

the CS+ (13, or the differential response (maximum CS+/@f&ference;n=4). The maximum CS+

response during acquisition trainifgowever,Y I @ y 20 6S | 322R AYRAOI G2NJ
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CS+ (sekigure A and 1B) whichprecedeghe first US presentation and hence reflects rather arousal

or orienting(30)than associative learning strengtim contrast, the maximurdifferentialresponding
between a pair of CS+ and-@&sentations is typically observed at the very end of acquisition training
(illustrated in ourdata in Figure 1B. Hence, the maximum differential responding during fear
acquisition training is more likely to relate to associative learning processes, as it would be the case for
maximum freezing to the CS+ in rodents (Bégure 1Bight). Note however, that only a few studies

have employed differential responding during acquisition training to calculate the ERIgskee).

Correlations between ERISorrelations between thé&6 identified ERIs in our dataset, ranged from
0.003 b (-)1 (seeFigure D, note that thealgebraicsign will be ignored henceforwamak it does only
reflect the interpretation as % fear recalled or % fear not recdll@verall, nordifferential and
RATFSNBYGALIE AYyRAOSAE S vih iNEeKcBptidn af thisingeCSbasadindex y O (
9h), with correlations ranging betwee7 and 1 within non-differential ERIs and between .5 and .93
within differential ERIs. The correlations between differential and -difierential ERIs ranged
between 19 and .61.Results of the additional datasets show a similar pattern of correlations (see

Supplementary Figure 2)

Correlations between ERdsd FSQanged between(-).03 and(-).26 (again, ignoring the negative
algebraic sign) and all correlations betweESQ and any of the ERIs were-sigmificant (see Figure

1D).

Of
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Figure 1(A) Number of individuals in our dataset (from N=50) that displayed the maximum CS+
response to each of the eight CS+ trials during acquisition trairBygAdquisition trials reflecting
maximum responding to the CS+ (highlighted in red) as well as maxdifferential responding (i.e.,
CS+>Cghighlighted in yellow) in the present study in humans employing a differential conditioning
protocol with 100% reinforcement (blocks of 2 trials shown; the outcome measure was skin
conductance responding(C)Acqusition trials reflecting maximum responding to the CS+ (highlighted

in red) in a rodent study employing a singige conditioning protocol (blocks of two trials shown; the
outcome measure was freezin@figure modified after 16) (D)/ 2 NNBf I G A2y YI GNRE o
between the different ERIs formulas as derived from our systematic literature search (as indicated in
Table 1)as well as the FS&3re-calculated based in our data (see above). Correlations are illustrated

as a heat map (blue: significant positive correlation, red: significant negative correlation, white cell:
nond A AYAFAOLIYG O2NNBtIFGAZ2Y 0A ®S dXorredfon don multipledza A y 3
comparisons was applied separately for the crB&d correlations and the correlation between the

ERIs and the FS€spectively



Note that index 7 is not included in the correlation matrix as it is identical to index 6 whenataltul

in our dataset because the dataset used for calculations did not include a CS+e and CS+u but only a
single CS+. Index 14 is not included here, as it is based on the difference between the CS+e and CS+u,
which are not available in this dataset. We, hemar, refer to the supplementary material for results

of additional datasets (dataset®) that employ these two different CS+ types (CS+e and CS+u) as well

as a partial reinforcement rate and immediate (dataset 3) and delayed extinction (dataset 2 and 4).

Notethat the negative correlations between some of the ERIs (such as ERI N°5 and N°8 and N°9a) with

the other nondifferential ERIs (i.e., ERI NRI’4 and N° 6), result from the fact that the latter subtract

the retention score (i.e., responding duringtention divided by responding during acquisition) from

Mmnn 6KAOK @AStRAY3I (GKS LISNOSyidlFr3IsS 2F WFSINIyz2i
bcy FYR bcdl NBEFESOG GKS LISNOSyYyGl3IS 2 FeisWmsS | NI NI (
inverse, the sign of the correlation (i.e., positive or negative) is not of primary interest to our question

and is hence ignored henceforward.
Errorbars show s.e.m.

Legend:ERI: Extinction retention index, CS+: conditioned stimulus-+n@$conditioned stimulus,

CS+e: extinguished CS+, CS+u: unextinguished CS+

a Figure modified with permission from the publisher and author. Copyright by Cold Spring Harbor

Laboratory Press.



Discussion

Precision in conceptsnethodsand data analysis key to scienceBy using the extinction retention
index (ERI) as an example, haveillustrated the problemof coften unrecognizedheterogeneityin
operationalization foffear extinction retentiorresearchin humans Awareness to these mattersas
important first step (31) towards morerigor in the field and successfukranslation into clinical

applications.

Frst,we have highlighted thaf KS G SNY WSEGAYyOlA2y NBGSYyGA2yQ A&
designs not allowing to infer dominant recall of extinction meng.e., AcPexPrest paradigm, see

Table 1) which is misleading.

Second from a procedural perspective, weshow substantial variation in the calculation of an

@xtinction retention inded¥with unsatisfactory correlations between ths different ERI versions
acrossfour datasets(20¢22). We hencearguethat the ERIinitially intendedto be a crossspecies
translationalmeasure hasevolved intoa set ofidiosyncraticddbrmulasQ This mayamper replicability

and advancement in the fiel@2, 33)

Third from aconceptualperspective, we highlight below that none of thé different ERI formulas
can be recommended a5 3I22R 2LISNI A2y EATFGAZ2Y 2F (GKS @K

NEGSYyliAz2yQo
Does the extinction recall index make serfsem a conceptual perspective?

Therationalefor the ERI i$o express responding durirgyetention test as a percentage of responding

during acquisitior(29).

According to prevailingxtinctiontheories(6, 14)however,whether fear will reoccur at this later test
(i.e., return of fear) or not (i.e., recall of extinction) is determinedh®/dominance othe fear memory
over theextinction memory(or viceversg ¢ hence orboth the fearandthe extinction memoryThus

it is surprising that mosgER$ have controlled for responding during acquisitiotraining, whereas

10



control for extinctionis very rare (and control for both has not been reported)mplying that
extinction will be similarly efficient for all individual&or instance, two individuals andY showing
identical CS+ respondind.6GuS) during retention test after different amounts of @f&xresponses
(1S versus 0.5uS) during acquisition training. Normalizing CS+ responses duringnttenrégst for
CS#max(acq)i.e., index 1) would yield 80% extinction retention for th&[i.e., 100(100*1uS/0.5uS]

but 0% forY[i.e., 106(100*0.5.5/0.5uS] and werould infer better extinctiorin X than in YMoreover,

not only the strengttbut also the consolidationf fear and extinction memory acquisiti are crucial

for later retention Themajor role of consolidation processés illustratedby the fact thatwithin-
sessiorextinction learnings not significantly correlated withetweensessiorextinction learning34)

or performance at a later test in humaf®5) or rodents(36¢38). In our example, X and Y may show
an identical amount of CS+max responding (0.5uS) during acquisition training but might undergo
efficient or inefficient consolidation of fear memory respectively. When these individuals show
different amounts of CS+ respondiffgOuS versus 0.5uS) during the retention test, the(gRically
claiming to correct for acquisition performancepuld however attribute these to the retention of

extinction rather than possibly different levels of consolidation of fear memory

In sum,we argue that the theoretical foundation of the BERlexpress responding a@retention test
as a fraction of responding during fear acquisition trainiagemployed in most ERIdoes not map
well onto prevailing theoriesnd empirical findingdn addition, none of the ERIs showed a consistent
association to measures of fear/anxiety across datasets (i.e., FSQ, STAI). In fact, taeensiasency

in the absence of such a relation.
Does theoperationalizationof the extinction recall indeXER) make sense?

| SNBZ 6S ARSYGATASR mMc RAFFSNBY( ozxadbmdthé dage/ I £ AT |
process (i.e extinction retention) but empirically showing unsatisfactory correlations across four
datasets. Importantly, although the foutatasets used different procedures (e.g., immediate vs.

delayed extinction trainingCS+ vs. CS+e and Q$tapattern of correlations across ERIs is very similar

11



across datasets. This highlights the robustness and generalizability of our findingse Ghamon
differential ERIs seem to be more related to each other than the differential ERIs, probably indicating
that there is less variability in the former than in the latter (e.g., ERIs 10 and 13 control for extinction

retention with acquisition datawhereas ERIs 12 and 14 do not).

Importantly, the ERI has been translated from rodéeezing(e.g., 16)%o human work mainly using
SCRs.Procedural differences between rodent and human work may however limit direct
dtranslationability of the ERIRodent work employsnostly singlecue designgi.e., CS+only), while
human work employs almost exclusivelydifferential designs(CS+ vsCS). Remarkably,despite
differential desigs, most ERIs employed in humaase non-differential(i.e.,includingCS+ CS+anly;,

Table ), whichis problematic: Firsthe CSwasintroduced to control for general responsivity and
non-associative processes such as arousal or oriertiBy and conditioned responding is typically
quantified as differential (i.e., CS+ vs. §S8esponding As such, thel (i & LERIhldulations (e.g.
MEAN CS+ respondimyiring recall)/(max CS+ respondimduring acquisition) may capturgeneral
arousalorienting rather thanassociativgprocessesSecond, CS+(max) responding during acquisition
does notseem toreflect acquisition strengthAs illustrated in Figure 1B)e maximum CS+ response
during acquisitioris most frequently observedo the very first CS+ presentatigogrecedng the first
CS+/US pairingnd thereforereflect rather orienting (30). To control for potential effects of this
orienting response during extinction retention, some authors have established that the first trial during
retentionis f gl &8a  /{b YR RAANBIINRSR UGKAG 27F ANX&
Importantly, in freezing the CS+(maxjypically occurs atthe end of acquisitionillustrating the

challenges and limitations of direct cresgecies translation

Similarly, SCRs to the first CS+redéention test may primarilyreflect orienting and arousal when
consdered in isolation (i.e., withoutomparing to theCS). As a consequence, nalifferential ERIs

cannot answethe questionthey intending to (i.e.®@ow much of the acquired fear comes bgck

12



Of note, while traditionally employed for SCtse ERI has been also expandedother outcomes
measures (i.e., FPS, ratings) rece(@ly, 3%;42). Importantly, the conceptual problems we discuss in

this work also apply to these other outcome nse@es. In addition, ERIs including correction for
CS+max responding during acquisition are wately applicable to functional magnetic resonance
imaging (fMRI) data as single trial analyses are inherently difficult in fMRI. Consequently, studies using
multiple outcome measures often emplan ERI for SCRs, but base their critical calculations for other

outcome measures on different calculations, rendering the results not comparable.

It is also important to note that different operationalizations of the ERI tap into different clinically
relevant mechanismd$?atients have been shown to display deficits particularly in extinction learning
and safety signal (i.e., §processing (23, 24)both of which are not accounted for in the current ERI

operationalizationg particularly in nordifferential operationalizations.

In closing we have exemplarily challenged both tle®nceptual foundatiors and procedural

2LISNF GA2YFEATY GNB Y SWEKEKRA 2HSES YO YR2 NRAT SR ingane (2 |
interpretable way is highly desirable the complexity ofprocesses, aims and consequentially
experimental designs in the field renders a simpked 2 £ R &sblutighRirhpieBtical (13)
Recommerdationsthat can ke derived from our work includg) preferringdifferentialrespondingover

isolatedCS+ respondin@) refraining from employing Cskresponsegiuring acquisitioriraining as

a measure of associative learnjrend 3) appreciating the relevance déar and extinctiormemory

strength andheir respectiveconsolication, which implies that correcting for one of these factors but

not for the otherswill likelyintroduce a bias

| SNB>X 6S LINPOARS 02y OSLJidzrf YR SYLANAOLF t¢ | NBdzY S
which leads to massive data reduction amehce interpretation problemsRather than using an ERI,

we suggestrelying on withinsession (i.e., retention testjifferential responding rather than merely

CS+based responsed-urthermore, we suggestonsidering thedynamics over timg13, 43)and

providing triatby-trial data(whenever possiblgpr all stimuliand phase#cluded in tle experimental

13



design (i.e., CS+ or CS+e/CS+u andl &Swell asfor all outcome measures Other general
recommendations, such as justifying the exclusion of participants and demonstrating the invariance of
the resultsregardingexclusionsf employed(13, 44)as well aghe use of hierarchical models over
traditional ANOVA$45), apply here as wellYet, specificanalysischoices thatmay depend on the
specific designsuch as the number of trials included/excludestill need to be justified and reported

in a transparent way.

Finally, raising awareness to the threat of (unrecognized) methodological and data analytical
heterogeneity will hopefully 1) spark similarapproaches in other subfields of fear conditioning
research and beyond (see Supplementary Figure 3 for guidaBrigmcrease rigor in reporting and
analysign the field and3) help extinction (retention) research to resume the path fleecomy’ 3 a2 y S

2T (K 0S&0 2LIRNIdzyAGASAE F2N GNI yat | @fAlypagey S dzNP &

319)

14



Footnotes

28 | O1ly26ftSRIS NBOSyid RA&aOdza adA 2y §6)ardeh@briyiofA y 3 K
d0dzRASE AyOf dzZRSR KSNB dzaSR aFSIFENI O2yRAGAZ2YyAYy3IEé D
2(Ref. 26: ERI 2 and ERI 6, Ref. 27: ERI 9a and 9b, E&fl 2B:and 1@&ndwe onlydiscus<S+ based

indices (excluding €Based ERI Ngbin (27)).
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Table 1:0Operationalizations and calculations of the extinction retention index (ERI) based on skin conductance responding iiattine i derived from a systematic literature search (until

October 2018).

Note that some experimental protocols employed two different CS+ types during fear acquisition training, one of which wassbetin@L&+e) and one that was not (CS+u, unextinguished,
sometimes also referred to as CS+ not extinguished and indicated as C&wpwjantly, during the retention test, both CS+ stimuli (Cs+e and CS+u) as well asdhe t@Scally presented.

Similarly, in studies employing a CS+ and-alo# stimuli are presented again during the retention test.

Specifications used in ¢eulation of the ERI

Index Term used by Formula for calculation Trials used to Trial type Acquisition Extinction *100  Division Recallin  Studies
N° authors assess retention (retention) correction correction from 100  extinction  where it
orl context was used

non-differential indices (CSbkased)

1 % conditioned 100-[100* first CS+ of First CS+ Max(CS+) no X X yes @arp
response recovered retention/Max(CS+ acquisition)] (18, 19)
7

Extinction retention

index(18, 19)

2 Extinction retention 100[{100*MEAN(first 2 CS+ ¢ First2 CsS# Max(CS+) no X X yes (30, 31)
index retention)/Max(CS+ acquisition) (32¢340
OR in other experimental designs OR OR
100{100*MEAN(first 2 CS+e C CS+é Max(CS+€) Except for (24, 3%37)
retention)/Max(CS+e acquisition)] (29) (15, 29%
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3 Extinction retention 100*[1-[MEAN(first 2 CS+ o First2 CS+ 2 Max(CS+) no xB xB no (38)
index retention)/(MEAN two largest CS
during acquisition)]
4 Extinction retention 100[{100*MEAN(first 2 CS+e c First2 CS+e Max(acq) no X X yes (39)
index retention)/Max(acquisition)}
5 Extinction recall 100*MEAN(first 2 CS+ trials ¢ First2 CS+ Max(CS+) no X no no (40, 41)
index/recovery retention)/Max(CS+ acquisition)
index
6 Extinction retention 100{100*MEAN(first 4 CS+e c First4 CS+eE Max(CS+é€) E no X" X" yes (27, 42,43)
index retention)/Max(CS+e acquisitiorf)F-- (44 (24,
45) (46
7 Extinction retention 100[100*MEAN(first 4 CS+e ¢ First4 CS+e Max(CS+e and no X X yes 47)
index retention)/Max( to a CS+ trial ir CS+u)
acquisition)]
8 % fear recovery 100*MEAN(first 4 CS+ trials ¢ First4 CS+ Max(CS+) no X no no (48) (48, 49
retention)/Max(CS+ acquisitioh) yes(49)
9a Retrieval index (first CS+ during retention) (last CS+ First CS+ no last CS# no no no (25)

during extinction})'

non-differential indices (CSbased)
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9b (first CS during retention) ¢ (last CS First CSs no last C8! no no no (25)
during extinction})'
differential indices
10 Extinction retention 100-(100*[(MEAN first 2 CS+ ¢ First2 (CS+C9 Max[pait(CS+) no X X yes (50, 51)
index retention) ¢ (MEAN first two GSof (1c9)
retention  during  retention)]/Max
paif(CS+§, (CS) acquisition)
11 Extinction recall MEAN (first 2 CS+ trials of retention) First 2 (CS+(CS9) no no no no yes (20, 52)
index MEAN (first 2 G%rials of retention)
12 Percentage 100*[(MEAN CSof retention}(MEAN All (i.e., 3) (CS+(CS9) no no X no no (53)
suppression CS+ of retention)]/(MEAN €Sof
(extinction) rate retention)
13 Extinction retention 100[100*MEAN((first 4 CS+ ¢ First4 (CS+C9 Max[pait(CS+) no X X no (54, 55)
index / recovery retention) ¢ (MEAN(first 4 GS of (acsy]
index retention))/(Max pait (CS+) ¢(CS)
acquisition)]
14 Extinction recall MEAN((first 4 CS+u of retention)¢ First4 (CS+efCS+u) no no no no noX (56)
index (MEAN(first 4 CS+e of retention))
15 Extinction retention [MEAN(first 5 CS+ trials of retention)  First5 (CS+C9 no CS+(early no no no (26)
score MEAN(first 5 GSrials of retention)]g extinction) CS
[MEAN(trial 25 CS+ of extinctiorn) (early
MEAN(trial 25 CSof extinction)]g extinction)
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16 Extinction retention [MEAN(first 5 CS+ trials of retention)  First5 (CS+C9 no CS+(end no no no (26)
score MEAN(first 5 GSrials of retention)]g extinction)¢ CS
[MEAN(last 5 CS+ of extinctian) (end extinction)

MEAN(last 5 G$f extinction)]g

Legenddifferential index: based on CS+£/Gi&scrimination, nordifferential index: based on one CS type only, CS+: conditioned stimulus ro&&nditioned stimulus, CS+e: extinguished CS+,

CS+u: unextinguished CS+.

ACKS 2NRAIAYEE LIdzNSOOK G A WA NEOFSNRE R YGE EAYdZY RdzZNAY I | OlidZA&AGAZ2YEé 2 Na Yl EX YdzYy GRINK D LYl doKSK

I {b GNIAf&Eg G2 G(KS /{bk/{bS RdzZNAyYy 3 I Ol dzAHakleyipersbnabcannuricatiars)t | RX Y®Dd al NIAY ST D2yl | fSas . o I
B Note that the sequence of the terms in the formula is different from other indices

Caot201¢ RSTAYSRKS+a (o2 adzomaSldsSyi

D unpublished study

E¢CKS 2NRAIAAYLIE Lzt AOFGA2Yy NBTSNBEY T 2R ANK YT (NG dziéa A (yAR2 yoEYd ELAYY diYK NV & ba INBREAR YR { bONAF f ¢ NBTFSNE

the CS+e. (M.R. Milad, personal communication).
FThe formula reported in the original publication was spelled out incorrectly (M.RdMiersonal communication)

G The formulation in the publication  (49) gl a ast

(@

K ddzo280iQa F SNI 3S {1/ wa RdzNR y 3 SEGAYC
their largest SCR to the CS+ trials during conditioidy L G & & O thordNBafftisSaRers dodhe fird $ CS+almrials during retention test (despite the retention phase having 8 trials in

total) and that CS+ during conditioning referred to the CSe only (M.R. Milad & B. Graham, personal communication)
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HThe first trial ofhe reSEG Ay Ol A2y a8&aAz2y 614 RSAAIYIGSR & F /{b (G2 I 042 \bssidnkasd wasfteréfaré disregarddddefolier y 3 NIB :
o

Ftf RIe @.2B)ylfeasao
Gt FANE A4 RSTAYSR Fa /{b YR AtGa O2NNBALRYRAY3I /{

KThe methods seatn section does not indicate contextual manipulations but refers to a previous study (15) which did employ context changes.
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SupplementarpMethodsto

Fear etinction retention ¢ is it what we think it is?

Tina B. LonsdgrChristian J. Mer& Miguel A. Fullana

1 Supplementary Methods:

1.1 Systematic Review

A comprehensive literature search using PubMed was conducted for Elagitplage peereviewed

empiricalstudiesin humans in whichl y

skin conductance response (SGRY}il 1 October, 2018.Returned articles were also manually
inspected for additional studies.

Thesearch termdor separate searchesere "fear conditioning extinction recall’d ¥ S+ NJ 02 y RA
g SEGAYOUGAZ2Y GNEGSWIONIAR yA WEBSIBYX A2Y AYR

~ s

PRISMA guideling%).

A =

E: oF B

ThePubMed search which was restricted to human workielded a total ofL85results Six additional
records were identified through other sourcesof which ultimately37 studies were included

Supplementary Figure 1 depicts a flowchart illustrating data selection and exclusion including

intermediate steps.

Identification

185 records identified 6 additional records
through database identified through other

searching sources

163 records screened after
duplicates removed 7 studies excluded:

* rodent work (n=6)
* irrelevant topic (n=1)

Screening 1:
Title

156 records
46 studies excluded:

Screening 2:
Abstract

no (retention) test phase (n=23)
metaanalysis/review article (n=19)
rodent work (n=3)

110 records Irrelevant topic (n=1)

Screening 3:
Full text

73 studies excluded:
* no ERIl calculated (n=52)
* no SCR recorded (n=13)
37 records included * no (retention) test phase (n=8)

Supplementary Figure:Flowchart of study selection process
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Supplementary Table 10verview on sample and experimental design details in the studies included in the systematic literature search.

Note that any experimental phase following retention test (for instance renewal or reinstatement) is not includedheomnfiseness.

Onlyoutcome measures printed in bold were used for calculation of the extinction retention index (ERI).

Abbreviations:acqg acquisition trainingCS+conditional stimulus paired with the USS+eCS+ dinguished,CS+uCS+ unextinguied, CS: CS not paired with
the US,ext: extinction training,fMRI: functional magnetic resonance imagirfeR S fear potentiated startleN°: number, N: number of participantsOCD
obsessivecompulsive disordeR?TSDposttraumatic stress disordeRE Reinforcementret: retention test, SCRskin conductance responses

Index Formula for calculatiorf Ref® N sample® Rl rate  US type type P of immediate  N?° trials Ne trials N° trials context Outcome
N° CS contey vs. delayed acq ext ret sequence  measure
extinction
1 100100* first CS+ of (2) 30 healthy 100%  electric lamp light rooms immediate 5 CS+ 10 CS+ 5CS+ ABB SCR
retention/Max(CS+ color 5CS 10 CS 5CS
acquisition)] ?3) 14 healthy 100% electric lamp light rooms immediate 5 CS+ 10 CS+ 5CS+ ABB SCR
color 5CS 10 CS 5CS
4 14 healthy 100%  electric lamp light rooms immediate 5 CS+ 10 CS+ 5CS+ ABB SCR
color 5CS 10 CS 5CS
2 100{100*MEAN(first 2 CS- (5) 37 OCD 100%  electric lamp light rooms immediate 5CS+ 10 CS+ 5CS+ ABB SCR
of retention)/Max(CS+ 18 healthy color 5CS 10 CS 5CS
acquisition)] (6) 145 trauma 100%  electric lamp light rooms immediate 5 CS+ 10 CS+ 5CS+ ABB SCR
exposed color 5Cs 10Cs 5Cs
OR 145 healthy
100{100*MEAN(first 2 CS+t (7) 28 schizophrenic 100%  electric lamp light rooms immediate 5CS+ 10CS+ 5CS+ ABB SCR
of retention)/Max(CS+e 18 healthy color 5CS 10Cs 5CS
acquisition)]
(8) 18 healthy 100% electric lamp light rooms immediate 5 CS+ 10 CS+ 5CS+ ABB SCR
color 5CSs 10Cs 5CS
9) 46 healthy 100% electric lamp light rooms immediate 5 CS+ 10 CS+ 5CS+ ABB SCR
color 5CS 10 Cs 5CS
(100 21 OCD 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8CS+e ABB SCR,
21 healthy color 8 CS+u - 8 CS+u fMRIF
16 CS 16 CS 16 CS
1) 27 ADHD 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8CS+e ABB SCR,
20 healthy color 8 CS+u - 8 CS+u fMRIF
16 CS 16 CS 16CS
(12) 28 healthy 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8CS+e ABB SCR
color 8 CS+u - 8 CS+u
16 CS 16 CS 16 CS
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(13) 69 healthy 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8CS+e ABB SCR
color 8 CS+u - 8 CS+u
16 CS 16 CS 16 CS
(14) 17 healthy 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8CS+e ABB SCR
color 8 CS+u - 8 CS+u
16 CS 16 CS 16 CS
(15) 28 healthy 35% acoustic  squares - delayed 23CS+e 30CS+e 20CS+e AAA SCR,
23 CS+u 20 CS+u fMRI F, US
15Cs 30Cs 20Cs expectancy
F
100*[1-[MEAN(first 2 CS+ o (16) 12 healthy 35% electric squares immediate 23 CS+ 15 CS+ 17 CS+ AAA SCR
retention)/(MEAN two 15Cs 15Cs 17 Cs
largest CS+ during
acquisition)]
100{100*MEAN(first 2 CS- (17) 96¢  social phobic 100% electric lamp lidit rooms  delayed 5CS+ 5CS+ 5CS+ ABB SCR
of color 5Cs 5Cs 5Cs
retention)/Max(acquisition)]
100*MEAN(first 2 CS+ trial (18) 61 healthy 62.5% electric pictures of ---- immediate 8 CS+ 7 CS+ 7 CS+ AAA SCR, US
of retention)/Max(CS+ spiders 8CSs 7Cs 7Cs expectancy
acquisition) F, valence
ratings”
(19) 64 healthy 62.5% electric male faces ---- immediae 8 CS+ 7 CS+ 7 CS+ AAA SCR
(neutral 8CS 7CS 7CS
expression)
100[100*MEAN(first 4 CS+¢ (20) 31 PTSD 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8 CS+e ABB SCR,
of retention)/Max(CS+e 25 healthy color 8 CS+u - 8 CS+u fMRIF
acquisition)] 8Cs 16 CS 16 CS
(21) 34 healthy 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8 CS+e ABB SCR,
color 8 CS+u - 8 CS+u fMRIF
16 CS 16 CS 16 CS
(22) 19 PTSD 60% electric lamp light rooms immediate 8 CS+e 16 CS+e 8CS+e ABB SCR,
20 trauma color 8 CS+u - 8 CS+u fMRIF
exposed 16 CS 16 CS 16 CS
(23) 20 schizophrenic  60% electric lamp light rooms immediate 8 CS+e 16 CS+e 8 CS+e ABB SCR,
color 8 CS+u - 8 CS+u fMRIF
16 CS 16 CS 16 CS
(12) 28 healthy 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8 CS+e ABB SCR
color 8 CS+u - 8 CS+u
16 CS 16 CS 16 CS
(24) 84H healthy 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8CS+e ABB SCR,
color 8 CS+u - 8 CS+u fMRIF
16 CS 16 CS 16 CS
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(25) 24 PTSD 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8CS+e ABB SCR,
20 trauma color 8 CS+u - 8 CS+u fMRIF
exposed 16 CS 16 CS 16 CS
21 control
7 100{100*MEAN(first 4 CS+¢ (26) 14 insomnia 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e n/aCS+e ABB SCR,
of retention)/Max( to a CS+ patients color 8 CS+u - n/a CS+u subjective
trial in acquisition)] 13 good sleeper n/aCS 16 CS n/a CS ratings,
fMRIF
8 100*MEAN(first 4 CS+ trial (27) 83 healthy 62.5% electric male faces ---- immediate 8 CS+ 7 CS+ 7 CS+ AAA SCR, US
of retention)/Max(CS+ (neutral 8CS 7CS 7CS expectancy
acquisition¥ expression) ratings F,
valence
ratings”®
(28) 13 healthy 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8 CS+e ABB SCR
color 8 CS+u - 8 CS+u
16 CS 16 CS 16 CS
9a (first CS+ during retentiory (29) 52 healthy 37.5% electric abstract - immediate 16 CS+ 10 CS+ 10 CS+ AAA SCR
(last CS+ during extinctionh) fractals 10Cs 10Cs 10Cs
9b (first CS during retention)¢  (29)
(last CSduring extinction}'
10 100-(100*[(MEAN first 2 CS4 (30) 42 healthy 100% electric lamp light rooms immediate 5 CS+ 10 CS+ 5CS+ ABB SCR
of retention) ¢ (MEAN first color 5CS 10Cs 5CS
two CS of retention during
retention)]/Max pair(CS+)
(CS) acquisition)
(31 45 healthy 100%  electric lamp lidit rooms immediate 5 CS+ 10 CS+ 5 CS+ ABB SCR
color 5CS 10 CS 5CS
11 MEAN (first 2 CS+ trials ¢ (32) 50 spider 100%  electric lamp light rooms immediate 8 CS+ 12 CS+ 6 CS+ ABB SCR, FPS
retention) ¢ MEAN (first 2 GS phobics color 8CS 12Cs 6 CS us
trials of retention) expectancy
(33) 50 spider 100% electric lamp light rooms immediate 8 CS+ 12 CS+ 6 CS+ ABB SCR, FPS
phobics color 8CS 12 Cs 6CS us
expectancy
12 100*[(MEAN CS of (34) 60 healthy 100% electric geometric  --- delayed 10CS+1 10CS+1 3CS+1 AAA SCR
retentionf(MEAN CS+ o figures 10CS+2 10CS+2 3CS+2
retention)]/(MEAN CS of 10Cs 10Cs 3Cs
retention)
13 100{100*MEAN((first 4 CS- (35) 72 healthy 100% acoustic  geometric  --- delayed 12 CS+ 12 CS+ 12 CS+ AAA SCR
of retention) ¢ (MEAN(first 4 figures 12CS 12CS 12CS

CS of retention))/(Max pair
(CS+¥(CS) acquisition)]
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table for conciseness.

H Reanalysis of a pooled sample frgi@1)and (28).

this publication.

FNote that arERI was not calculated for this specific oute measure.

FPublication of the study plan for a clinical trial; no data are presented.

P Note that all CS and context types in the included studies consisted of static pictures.

B Note that the reference numbadn this table deviates from the referencember in the main text.

EThe sample consist of 14 pairs of monozygotic twins, whereof one twin of each pair was Vietnam veteran.

(36) 40 healthy 100% acoustic  geometric  --- delayed 12 CS+ 12 CS+ 12 CS+ AAA SCR
figures 12Cs 12Cs 12Cs
14 MEAN((first 4 CS+u ¢ (37) 30 PTSD 62.5% electric lamp light rooms immediate 8 CS+e 16 CS+e 8 CS+e ABB SCR,
retention) ¢ (MEAN(first 4 28 trauma color 8 CS+u - 8 CS+u fMRIF
CS+e of retention)) exposed 16 CS 16 CS 16 CS
15 [MEAN(first 5 CS+ trials ¢ (38) 32 trauma 100%  electric shapes - immediate 5 CS+ 10 CS+ 5CS+ AAA SCR
retention) g exposed 5CS 10Cs 5CS
MEAN(first 5 GStrials of
retention)] q
[MEAN(trial 25 CS+ of
extinction)q
MEAN(trial 25 CS of
extinction)]q
16 [MEAN(first 5 CS+ trials
retention) g
MEAN(first 5 GStrials of
retention)] q
[MEAN(ast 5 CS+ ¢
extinction)g
MEAN(last 5 GS of
extinction)] ¢
Ab2GS GKFEG &2YS Of FNATAOIGAZYa 2y GKS F2NNdzZ & o0SomanBscriftS TAYAGAZ2Y 2 F

€ Note that no information on subgroups based on experimental manipulations (for instance: pharmacological challengeindstiss) are included in the

' Only this CS+ was reinforced (i.e., one CS+ during acquisition, one CS+ during extinction). The extinction phaserisdtecaefesecond learning phase in
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1.2. Reanalyses of datasets

The dataset included in the main manuscript@realysis 0{33)), is complemented by three additional
datasets(39, 40)to exclude that the results presented in the main manuscript are specific to one
particular dataset and its specific experimental design choices. Please note that thdtenatld
datasets were derived from two publications which were not included in the systematic literature
search as no ERI was calculaf8é, 40) Supplementary Table 2 provides an overview of the main
design and sample specifications of all four studies, to which the different ERI calculations were
applied, while details are provided below.

Supplementary Table€. Overview of the main design and sample specifications for the included
datasets.

Abbreviations:acq: acquisition, BOLD: blood oxygenation level dependent, ext: extinction, FRS, fear
potentiated startle, ret: retention, RI: reinforcement, SCR: skin cotathece response

Reference for N immediate Rl rate CS types N° trials ~ N° trials Ne° trials outcome
dataset vs. delayed acq ext ret measures
extinction
[1] Forcadell et al. 50 immediate 100% CS+, GS 8 CS+ 12 CS+ 6 CS+ SCR, FPS
(2017) 8 CS 12 CS 6 CS ratings
[2] Merz et al. (2018) 22 delayed 62.5% CS+e, CS+u,-C< 8 CS+e 16 CS+e 8CS+e SCR, BOLI
8 CS+u - 8 CS+u responses,
8 CS 16 CS 8 CS ratings
[3] Merz et al. (2016) 20 immediate 62.5% CS+e, CS+u,-C< 8 CS+e 16 CS+e 5CS+e SCR, BOLI
8 CS+u - 5CS+u responses,
16 CS 16 CS 5CS ratings
[4] Merz et al. (2016) 17 delayed 62.5% CS+e, CS+u,-C< 8 CS+e 16 CS+e 5CS+e SCR, BOLI
8 CS+u - 5 CS+u responses,
16 CS 16 CS 5CS ratings

1.2.1Dataset 1 Reanalyses oforcadell et al. (2017)

The datapresented in the main manuscript are based on @nalysis of Faicadell et al.(33) (note

that the reference number is different in the main manuscrifthis paradigm was an adaptation of
that used in(2) including SCRs as the only measure of conditioned flalForcadell et a(33), two

other measures (US expectancies and FPS) were added. The visualscaptexphotographs of two
different rooms &cquisition02 Yy G SEGE / - bT SElGAYyOlAazy O2yiGSEGE

| -

|

i2 2yS 2F (62 RATFSNByl( O2f{2NEBE 00fdzS 2N 8aStft260

were displayed on a compet monitor in front of the participant. On day 1fear acquisition training

phase(in CX+) was followed by an extinctivainingphase6 Ay [/ - b0 ® 5dzNAyYy 3, FSI NI |

the CS+ cterminated with an electric shock (US). The US was individadjlysted before the

SELISNAYSY(H oO6RI& m0 LINBaSyiliAy3a aKz2014& 2F 3IANI Rdz f f
6 S

A ¥ 4 A x

y2i LI AYyFdAd Q aK201] ¢l a aSt SO0 SR BUIcbnNdgend. Duding/ (i &
extinctiontraining (immediaely afterfear acquisition training the CS+ was not followed by the US.
¢KS /{b ¢l &dby BeSNIheeRtindich tainipgase was divided in two equal parts by

a I-minute pause (early and lagxtinctiontraining). Day 2 consisted of an @xttion retention phase

AY | -b® 5dz2NAYy3a RIF& WX (GKS /{b YR G4KS /{bt 6SNB

during day 2.

Each trial of the experiment started with presentation of the context for 10, 12 or 14s, TeglS
was presented (i.e. the lamp switched on) for 8s, and a startle probe (50ms duration, 100dB) was
delivered 7s after CS onset. Between trials, a fixation cross was shown for 1s. In one third of the trials
(noisealone trials, NA), no CS was prese&htand instead the context was present feight more
seconds; the startle probe was presented at second 7 of this extra time. Theiotee interval varied

0SG6SSY My> HnX YR HHa®P 9AITKAE GNRLIf A 2f@dar SI OK

acquisition trainingand six trials of each were presented during each of the remaining phases (early
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and late extinctiortraining, and extinctionretention; cf. Supplementary Table).1SCR, FPS and US
expectancy ratings were calculated for each triaketyp

The SCR signal was sampled at a rate of 125Hz. SCR magnitudes were compute8irSe®y a 6 >{ 0
as the difference between the maximum SCR value and the value at response onset, occurring 1 to 7s
after CS onset. Trials in which no response was detemtedith a response magnitude ef n @1 H > {
were considered nomesponse trials), and trials showing interference or excessive baseline activity
(1.3%) were rejected after visual inspection. To normalize the distribution of the SCR data, a square
root transormation was applied.

For further detailsyve refer tothe original publication.
1.2.2Dataset 2: Ranalysis of Merz et al (2018)

This dataset is based on aaealysis of Merz et dl(39)note that the reference number igfterent in

the main manuscript] The visual contexts were photographs of two different rooms (acquisition
O2yGSEGT /- -bT SEGAYyOiUA2z2zYy O2yiGSEGS | threeldiffededty G Ay A
O2ft2NB 60fdzSX NBR 2NJeStft260> gKAOK gSNB (GKS /{4
via fMRiready goggles. On day 1, fear acquisition training took place in CX+, during which both CS+
(CS+e and CS+u)-teominated with an electric shock (US) in five out of eight trials (62.5%
reinforcement rate). The US was individually adjusted before the experiment presenting shocks of
gradually increasing intensity untihaldzy L S| al yiG odzi y2d LI Ay¥Fdz Q &aK;:
were not instructed about the G3S contingency, but all of them learned the correctUSS
contingencies during fear acquisition training as evidenced by agmogtisition questionnaire.

On day 2, participants underwent delayed extinction training (i) G}uring which the CS+e was not
F2tft26SR 608 (GKS | {® ¢KS /{b o6la ySOSNI F2f{ft26SR 0
3 took place one week after fear extinction training and consisted ofemtien LK &S Ay [/ - b |
new context (note thaonly data of extinction retention in C&re included in this r@nalysis). During

RFe o GKS /{bSX /{bdz FYyR GKS /{b 6SNB yS@SN F2f
day 2 or day 3.

Each trial of the experiment started with the presentat of a black screen between 0 and 1.875s,

after that the context was shown for 3s. Then, the CS was presented (i.e. the lamp switched on) for 6s.
Between trials, a black screen was shown between 9.125 and 11s (total trial duration: 20s). Eight trials
of S OK GeLS 6/ {bSz /{bdZ YR /{b0 6SNBE LINBaSydaSF
retention, and 16 trials of CS+e and @8re presented during extinction trainir(gf. Supplementary

Table 1) In addition to SCRs, the BOLD signal was meassiegl fMRI.

The SCR signal was sampled at a rate of 5000Hz anpaksvfiltered afterwards with a cutoff
FNBljdzSyoe 2F wmnanli o {/w YIFE3ayAidGdzRSa 6SNB O2vYLlzi SR
value and the value at response onset, occurring 8.5s after CS onset. To normalize the distribution

of the SCR data, a square root transformation was applied.

For further details, we refer to the original publication.

1.2.3Dataset 3and 4: Reanalysis of Merz et al (2016)

This dataset is based onmeanalysis of Merz et al40) (note that the reference number is different in
the main manuscript), in which two groups were included: a group undergoing immediate extinction
and a group undergoing delayed extion, which served as two additional datasets for this re
analysis. The visual contexts were photographs of two different rooms (acquisition context, CX+;
SEGAYOiGAR2Y O2yGSEGE / -b0 O2ydlFAyAy3a |+ 1 ¥l GKI
2N 8Stf2602 S6KAOK ¢gSNB GKS /{&a 6/{bSz /{bdz yR [/
monitor in front of the participant. On day 1, fear acquisition training took place in CX+, during which
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both CS+ (CS+e and CS+udecminated with an etctric shock (US) in five out of eight trials (62.5%
reinforcement rate). The US was individually adjusted before the experiment presenting shocks of
gradually increasing intensity untihaldzy L S| al yd odzi y2d LI Ay TdzZ Q &K:
were not instructed about the GBS contingency, but all of them learned the correctUsSS
contingencies during fear acquisition training as evidenced by aguugtisition questionnaire.

t F NIAOALI yia dzyRSNBSyd SEGAYOawas ot fdloWledby he/UB. Ay / -
¢CKS /{b o6la YySOSNI F2f{t26SR o0& GKS !{ FyYyR GKS / {t
either place immediately after acquisition training (immediate extinction) or 24h after acquisition

training (delayed extinabn). One day after extinction training, both groups underwent &@mg&on

LIKFasS GFr{i{Ay3 LXIFIOS Ay [/ -b YR [ -b éafedinclGdedirkK | G 2y
thisrel yI ft @aA40® 5dz2NAYy 3 NBOIff3>X (KSdbythedSsTheUStwalz | y R
not recalibrated during day 2 or day 3.

Each trial of the experiment started with the presentation of the context forA®r that,the CS was
presented (i.e. the lamp switched on) for 6s. Between trials, a black screen was shown bétavetn
8s. During fear acquisition training, eight trials of CS+e and CS+u as well as 16 trialsv@feCS
presented. During extinction training, theS+e and C®ere shown 16 times each. During extinction
retention, each of the three CS was presented 5 tieésSupplementary Table.1jp addition to SCRs,
the US expectancy was measured after the recall phasdhese datasets included a nmentical
number of CS+e and @Bals during fear acquisition training, the mean of two €fals was used to
calculate index 11 and index 14.

The SCR signal was sampled at a rate of 1000Hz angbdsghfiltered afterwards with a cutoff
frequency of 0.05H4. / w Y I Iy A G dzRSa 6SNB O02YLMziSR Ay >{ la i
SCR value and the value at response onset, occurring 1 to 6.5s after CS loreseparticipants from

the delayed extinction group had to be excluded due to missing data neededuefaatculation of the

ERI (e.g., any SCR during fear acquisitimhormalize the distribution of the SCR data, a square root
transformation was applied.

For further details, we refer to the original publication.
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2 Supplementary Results

The results of these additional datasets show a similar pattern as dataset 1 (see main manuscript), although numbeidtiensop&ssing the significance
threshold is smaller in these smaller datasets.

Supplementary Figure ZZorrelation matriceshowing cros€RI correlations as well as the correlation of the ERIs with the STAI trait surfos¢djedataset 2
(N=22, delayed extinction), (B) dataset 3 (N=20, immediate extinction), and (C) dataset 4 (N=17, delayed extinctioitt). Oshit@background indicate nen
significant correlations (p>0.05Lorrection for multiple comparisons (usitfte BH correction, see main manuscript) was performed separately for-EfRks

correlations and correlations between ERIs and the STAI sum score in each ddtasetelation matrices were produced as described in the main manuscript

for dataset 1 Note that in dataset 3, the STAI sum score was missing from one patrticipant.
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3. Roadmap for future studies targeting methodological heterogeneity

Here, we provide a suggestion for a roadmap as a guidance for future studies addpedsimiplly
problematic methodological heterogeneity.

Supplementary Figure .3Suggestion for a roadmap for future studies targeting methodological
heterogeneity.
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