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Abstract

Learned fear can be generalized thiouopth perceptual and conceptual information. This
study investigatedhow perceptual and conceptual similarities influetige generalization
process Twentythree healthy volunteers completed a fganeralization test dgain activity

was recorded inhie form ofeventrelated potentials (ERPS). Participants were exposed to a
de novdear acquisition paradigm with four categories of conditioned stimuli (@8)being
conceptual cues (animals and furniture) and two being perceptual cues (blue and purple

shapes)Animals (C+) and purple shapes (P+) were paired with the unconditioned stimulus

(Us) , whil e fbueshapes (EBT) neder wer e. The
thus blue animals (C+P+, det er mi neddnged,anger )
purple animals (C+P1, conceptual dangMer ), an

found that perceptual cues elicited larger fear responses and steattion timeghan did

conceptual cueduring fear acquisition.This suggests that perceptually related pathway

might evokegreaterfear than a conceptually based route. During generalization, participants

were more afraid o€+ exemplars h a n  exémpl&gFurther, C+trials elicitedgreater

N400 amplitudesThus participants appeableto use conceptually based cues to infer the

value of the current stimuli. Additionallyjgompared with C+ exemplarsve found an
enhanced | ate positive potenti al effect in r
late inhibitory process andight index safety learning. These findings may offer new

insights into the pathological mechanism of anxiety disorders.

Keywords: conceptuabased fear generalization, learning, ERP, conditioning
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Introduction

Fear generalization is an evolutionarily atkeg mechanism in which individuals quickly
respond to potential threats based on learned experience (¢iaalge2017). However, when
individuals exhibit excessive fear responses to similar but safe stimuli, fear generalization can
be maladaptivea phe@omenontermed overgeneralization (Tsafrir et al., 2013). Previous
studies have demonstrated that overgeneralizatraterliesthe pathogenesis of emotional
disorders such as anxiety and pwaumatic stress disorder (PTSD) (Lissek, 2012;
Kaczkurkin & But o n , 2017) , and can severely affect
phrase fAonce bitten, twice shyo (Lei et al
patients to approacperceivedthreatsin efforts to learn that the fearful stimuli areon

actually associated with the anticipated danger (Raij & Nummenmaa, 2018). However,
overgeneralization may increase excessive avoidance behavior and adversely affect the
effects of exposure therapy (van Meurs & Wiggert, 2014).

Experimental models of feaonditioning are commonly composed of fear acquisition,
generalization, extinction, and return of fear (Lonsdorf et al., 2017). In fear acquisition, a
conditionedstimulus (CS) (such as a 588z tone, CS+) is repeatedly presented with an
unconditioned sthulus (US, such as an electric shock). The CS+ alone can subsequently
elicit the fear response. In the generalization test, a series of generalized stimuli (GS, such as
200/ 1000Hz tones) would also elicit fear (Norrholm et al., 2014). Thus, fear can be
generalized via similarities between stimuli. Stimulus generalization has been hypothesized
to be a categorization outcome based on perceptual (primary) or conceptual (secondary)

similarity (Leventhal, 1968). Primary stimulus generalization thus occurs when
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generalized stimuli are physically similar to the originally learned stimuli, while secondary
stimulus generalization occurs when they are conceptually similar. Additionally, research on
fear generalization is divided into two areas: perceptually béesmd generalization and
categorybased fear generalization (Dunsmoor & Murphy, 2015).

Perceptuallybased fear generalization typically employs simple sensory stimuli that
vary in physical dimension¥he GS and CSwill thus have physical featurébat aresimilar,
but differ in one aspegcsuch adight that differs in colofRaij & Nummenmaa, 2018), circles
that differ in sizg(Hunt & Cooper, 2017)or tones that differ in frequengResnik & Sobel,
2011). In conceptally based fear generalization, thengarity betweenthe GSand CSis
conceptual For i nst ance(CS)ispairet \with anveleatrid shdck (&%) j dhe
acquisition pha(lGS, whhiec hwoirsd sfyansposmykidisouelcit wi t h
fear responses in the generalizattest (Boyle & Roche, 2015%imilarly, if t he fani mal
category appears with the US, presentation of different animals can also lead to fear
responses during the generalization test (Dunsmoor & Murty, 2015). Previous research on
fear generalization hagynored conceptuafactors in percep-based fear generalization.
However,classifying feargeneralization according to perceptual or conceptual similargties
difficult in real life becauséothfactors operate concurrently to promote the generalizafion
fear. For example, patients who are afraid of Tibetastiffsare not only afraid gbhysically
similar dogs, bufare also afraidf a series of dogike and dog chaknelated stimuli (Bennett
& Vervoort, 2015).

The fear response of patients wattacmophobiacan be activated by specific perceptual

cues or conceptual information related to spidersPeperkorn et al. (2014patients with
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arachnophobiand healthy participants were randomly assigned to ardéarant perceptual
cue condition, a feamrelevant information condition, or a congruent combination of both.
They found that thecombined cue<licited the greatest fear respons$aeljowed by the
perceptual cues alone, and lastly the conceptual B@septual cues play a crucial role in
the tratment of phobias (Phan & Wager, 2002)examined whether the arachnophobia
results applied to spatial phobias such as claustrophéltiaough both conditions are
phobias (one of spiders, the other of an environmémy are essentially different (Hofmn

et al., 2009; Loken et al., 2014hiban et al. (2016) found that, asFiaperkorn et al. (2014),
individualsexhibited greatefearin responséo perceptual cues alone than to conceptual cues
alone. Howevercombining conceptual and perceptual cugisl not result in a significant
increase in fear response. Thus, for spatial phobias, simply presenting a perceptual cue can
trigger a sufficiently strong fear response.

The weightthatthese two types of informatidmave in thegeneralizatiorprocesss not
yetclearNorishow per cept ual and conceptual cues Wwo
network to promote the generalization of fear. One possibility is that participestsore
inclined to make decisions based on conceptual charactebstiesisgéhey mightfocus on
the internal characteristics of the stimuHere, wetested this hypothesis by examining
behavior andrain activity in the form oéventrelated potentials (ERPsJeveral ERPs have
already been associated with fear learnigr example, compared with neutral stimuli
threatening and emotional stimhiave been shown to eli@an enhanced early P1 amplitude
(Gupta, Kujawa, & Vago, 2019Dther related ERPs includardy posterior negativity (EPN)

and late positive potential RP). EPNis distributed over theparietetemporaeoccipital
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regions, andypically emerges around 16800 ms after stimulus onset (Schupp et al., 2006).
In contrast, LPPis usually observed around 400 ms after stimulus onset wafith
occipito-parietal and catral scalp distribution (Schupp et al., 2000; Hajcak et al., 2010
Desatnik et al. 2017). EPN and LRRegenerally considered to reflect selective attentional
orientation towarcemotional stimuli (Schupp et al., 2004; Schupp et al., 20&6dies have
demonstrated that LPP is modulated by degree to which observestimuli are arousing
(e.g.,salient pictures; positive or negative) and tmahanced PP might reflect downstream
feedback from the amygdala to the visual cortical areas (de Rover edldl), Studies of

time dynamics in fear conditioning have demonstrated that compartbé @S ithe CS+

elicited enhanced EPN and LPP during the-tesmociation phase (Ferreira de Sa et al., 2019).

The increased EPN indicates timatwly learned fear canusomatically capture attention and

the enhanced LPP suggests elaborative processing of salient stimuli. Since its discovery in

1980, the N400 component of electroencephalograms (EEG&3 become a hallmardf
cognitive studies in the fields ddnguageprocessing object andacial recognition actions,
gestures, mathematicand semantic and recognition memons well asa wide range of
developmental or acquired disorders. Kutas et al. (188&nined N400 amplitudesing an
oddball paradigmn which the presented a series of consistetdtementy e . g . ,
shaved minterdpersed wdtldinfrequently occurringconsistenstatements e . g .
pl ant ed b e anFBheyifaundthah imconsisentosjatements led to larger N400
amplitudes. Inaddition, emotional word$ave also been shown telicit larger N400
amplitudes, indicating that N400 potentialzn bemodulated by the emotionabntentof

stimuli (Kanske et al., 2011). However, P1, EPN, N400, and leBponsefiave not been

=}

I

nHe
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examined a a means texplore the feageneralization process with concurrent perceptual
and conceptual cues.

This study aimed to examine how perceptual and conceptual cues simultaneously affect
the degree to which people feel that a stimulus is dangesiodso @aluate the time course
of this process. We used a novel paradigm to evaluate the infltteatdbethreat and safety
valuesof perceptual and conceptual informatibeveo n an i ndi vi duThd 6s f e
conditioning phasb@ada 2 x 2 experimental dgn: stimulus type (conceptual, perceptual) x
conditioning type (CS+, CS1) . S grecondeptwala | | vy,
cues wereanimals and furniturevere, withanimals paired with the US (C+) and furniture
never paired wittheU S (. The perceptual cues werandomly colored blue and purple
shapes, with purple paired with the US (P+)
hypothesized that the U&kpectancy ratings and the mean response time (RT) in the
acquisition phase wouldebsignificantly greatefor CS+ conditionghanf or CS1T condi t
According to Peperkorn et al. (2014)e also predicted that USpectancy ratingsould be
significantly larger for the Cstimuli than for the P+ exemplarsrom a learning perspective,
category learning involves more elaborate processinggs we expecteadonceptual cues to
have longeRTs than perceptual cues.

In the generalization phase, we measuszdt responsessingUS expectancy, RT, and
ERP magnitudes. The four kinds of CS (C+ C 1T P+, ancdossedo Jreate boure f ul |
types of generalized stimuli: purple animals (C+P+, determined danger), purple furniture
(C1 P+, perceptual danger ), bl ue animals ( C-

(Ct PT, d e t e Behevionalydwe hypdthegized that individuals would be more
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inclined to infer the attributes of the stimulus based on conceptual cues. Specifically, the
US-expectancy ratings and RTsr theC+ P + a n a@ondlienBwould be significantly

greater than thoseofr t he CT1T P+ an dn t&msPof bramm actidtypasedoon s .
previous studies, we hypothesized that perceptually related threat cues would evoke an early
attentional bias characterized by two ERP components, P1 and AdRiitionally, we

expecteddi see the | argest N40O r espaowheressmulusor t he
attributes were inconsistent. N400O is a <cr
higherorder cognitive processes (Chwilla et al., 1995). We expected that conciptaal

cues (C+P+, C+P17) would el i ci twouldtheCgedr+ MN40O0
C1 Pdues Finally, we expected PP amplitude to be modulated by percepyutiireatening

characteristics whethe conceptual information was a safety signal.

Materials and Methods

Participants

We performed gpower analysis before data collectidrne a priori calculation of statistical

power (G*Power) suggested that the recruitment target of 24 participants would achieve a
medium effect size of 0.25, with an alphae v e | of 0. 065, and a 11 bet ¢
et al., 2021; Faul et al., 2007). The sample we recruited (N = 27) was large enough to detect

an effect at thgivens i gni fi cance | evel (U = 0.05). The
the assumed spheity correction was 1, anthe repeateemeasures correlation for the power

analyses was 0.5. One participant was excluded due to unsuccessful fear acquisition (i.e., the

US-expectancy rating$or the CS+ were smaller thanthose for theC S1 ) aneér three
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participants were excluded due to artefacts in Bi&G signal. Thus, the current study
included 23 volunteers (12 women) between the ages of 18 and 25 Adkgparticipants

wer e ri ghtt han de dorrectedst@andrmaln eyesighd, | andwere withou
neurological or psychological disorders. All participants provided written informed consent
and received monetary compensation. The investigation was approved by the Medicine

Ethics Committee of Shenzhen University.

CS and GS

Animals and furniture werselected as targebnceptuakategories to ensure familiarity, as
these twaypes of objectsire common in daily life. We then selecigthges from a database
(http://lwww.iconfont.ciy that corresponded to tHe0 mostfrequenly listed animals and
altered the colors2Q black and white, 15 blue, and 15 purpWfk did the same for thg0
most frequeny listed furniture. Next, using an online questionnaire method (questionnaire
star), 45 college students were askedwaluate the valence and arousal of these stiomué
scale of 1 to 9(1: extremely unpleasant/extremely calm or relaxed; 9: extremely
pleasant/extremely excitedyVe then selected2 neutral black and white animals and
furniture pictures athe CSsl0 each of neutral blue animals, blue furniture, purple animals,
and purple furniture pictures e GSs.1 nd e p e nd e nt srevealetpnb significant e s t
differencein valencebetweerthe furniture (M = 5.33, SD = 0.34) and anis@ = 5.24, SD

= 0.52;p = 0.356) and nosignificant differencen arousal furniture: M = 5.24, SD = 0.18;
animab: M = 5.15, SD = 0.23p = 0.09). All pictures of animals and furniture weliéferent,

and each CS or GS was a different béswel exemplar ofthe categoriegKeller &
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Dunsmoor, 2019)We generated theepceptual cues using Adobe Photoshop and the shapes
were all different (e.g., different shapes of clouds). Thusinageswere different during

bith theacquisition phase artiegeneralization phase.

us
Electric shock combined withefarful imagesserved as the US-ear imagesvere selected
from the fear picture system created by Yi et al. (200 applied a calibration procedure to
set the intensity of electrical stimulation accordingetica ¢ h  p a relectical fgeaa nt 6 s
thresholds. An Ag/AgCl electrode was attached to the left wrist of the participant and
connected to a constant <current sti Weak ator
current stimulation was delivered to the wrist through the pair aftreldes. Participants
received a series of electrical stimulations of different intensities (100 ms duration; starting at
250 ¢ Ancreasing in50 €A steps), and were required
stimulation on a verbal analog scale, wheradicated not unpleasant/painful/annoying and
10 indicated very unpleasant/painful/annoying. Thagnitude of the stimulatiomtensity
was set tdhe level which obtained a rating 6from the participant, which corresponded to a
feeling of aversivenessdry unpleasant, but not painful) (Haaker et al., 2013).

For the fearful pictures, wérst asked 115 participants 45vomen; mean age, 229
years; SD, 1.3 to provide as many feamducing nouns as possible (e.g., snake) through a
free-association taskWe then selected the 90 most freqlegiven nouns from the image
databaseand classifiedthem into three categories (animals, scenes, and objects) with 30

images in each category. Then, we enrolled 84 participants (39 men; mean aggeadfs;
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SD, 1.8) torate each image in terms fefar, valence, and arousai a 9-point scale. Finally,
a total of 81 fearvoking pictures were chosen. The mean ratingre4.80 + 1.06 (M £ SD)
for fear 3.57 + 0.16for valence and 6.16 + 0.58or arousal For the curent study we

selected 20 stimuhmong these 81 as tfearful USs.

Procedure

Experimental stimuli were presented byPEme (version 3.0), and the background of the
computer during the experiment was gray. The experimental procexdumgrised a
fearacquisition phase and generalization test (Fig. 1). Previous studies have demonstrated
that giving explicit instructions to participants regarding threat association (i.e., thksSCS
contingency) before the experiment leads to stronger fear acquisitioexéindtion and
prevents overgeneralization (Duits et al., 2017). In the present study, we did not provide
direct instructions to the participants. Before fearacquisition phase, participants were
instructed to learn the association between the pgtamethe US. In the acquisition phase,
the computer screen randomly prefenhedpt wal't
The number of trials in the acquisition phase was 60 (30 perceptual and 30 conceptual). The
perceptual trials included 15 ud imagesand 15 purplemages whereas the conceptual

pictures included 15 animanagesand 15 furnituremages(all were different from each

ot her ) . The CS+ (i .e., Aani mal s, C+0; Apur p
reinforcement schedule 21/ 15) , whereas the CSI1 (i .e.., i f
never paired with a US. Moreover, the assign

Aani mal s6 and dApurpleo served as the CS+ fo
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and fAwelde definied as the CS+ for the other 14 participants.

The generalization tesomprisedfour types of GS: purple aninga{C+P+, determined
danger ), purple furniture §CCH+PI,, peocrceedtund l
and bl ue fiydeterminadsade). EaCli cBnditioontainedl0 differentGSs and
each stimulus was presented 5 times. Hence, each condition included 50 trials. To prevent the
extinction effect in the generalization pr o
duringacqui si ti on, C+, e&hpresefted,10 tamesthd tRel QS+ was r e
followed by the USat an 80% reinforcement rate (Dunsmoor & Murphy, 2014). Thus, the
total number of generalization trials was 240.

In both the conditioning and geneeation phasedyials began when &ixation point
appeaedin the center of the scredasting800' 1200 msAfter a blank screewas presented
for a random duratiobetween400' 600 ms.a stimulus wapresenteghseudorandomlyvith a
3000ms duration.The same stimulus did not occur consecutiveBuring the 3000 ms
participants were asked to rate the possibilityrec¢eiving theUS (the electric shock
combined with thef ear f ul picture) using a fiveTlalte
expectancy of i15; 1, impossible; 3, moderate; and 5, very likelyhey were instructed to
press the corresponding number key with their right haitidin 3000 ms.Whenan original
CS+ was presented during thacquisition andgeneralization phase, the electric shock and
fearful imagefollowed together (on 80% of trialg)fter the 3008ns period.The shock lasted
50 ms and the image lasted 10000 ms The i nterT1Ttri al interval

1200 1500 ms.
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Conditioned stimulus (CS) 800-1200 ms

Shock expectancy (0-5) Example Trial
Co-terminating shock (50ms) ~ 4 [400-600ms
~J And fearful pictures (1000ms) (80%) 3000 ms
~ 1 - 50 ms
¢ 12) AN % N
(1000 ms
- "
4-65 waiting period P (12) -..k\‘“m E | US Rating
1200 - 1500 n%

s P-(12) -
Fear acquisition phase =

Generalized stimulus (GS)
Shock expectancy (0-5)

— 800-1200 ms
\ ® Example Trial
=|... + |400-600 ms

= ~
CP-(10) ) 3000 ms
: 3
.(_ N
ch.m ay JB{Q

1200-1600ms waiting period {"'1_"‘:;? @

C+P+(10) ‘,?@ﬁi US Rating \
C+P-(10) T~

Fear generalization phase

@

1200 - 1500 ms ITI

271
272 Figure 1. Experimental procedure for fear acquisitiand the generalization test. (1)
273 Acquisition phase: participants viewed conceptual and perceptual images for 3 s and were
274 asked tause a 5point scale to ratthe possibility ofreceiving thedUS. The CS+ was followed
275 by a 50717 ms s hock [|aage(l2aof 15 Gi@lPThesS1f ensarsf unever p
276  with the US. The intertrial interval (ITI) was 1200500 ms. (2) Generalization test: four
277 kinds of GS werepseudoandomly presentedcach categorycontainedl10 different stimuli
278  which were eachresented times.
279
280 ERP recordings and data preiprocessing
281 Continuous EEG wererecorded with a 64hanné Brain Products system (Brain Products

282 GmbH, Munich, Germany; passband, G.080 Hz; sampling rate, 500 Hz) using a standard
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10-20 acquisition system EEG caphe ground electrode was located on the medial frontal

line, with the left and right mastoids as reference electrodes during recording. Vertical
electrooculogram(VEOGs) wererecorded via facial electrodes located above and below the

left eye. HorizontaEOG (hEOG) electrodes were attached at the outer canthi of the eyes.
The i mpedance was kept below 10 kq for all|l
EEGLAB Matl ab tool box (Delorme & Mak®&0Dg, 20
Hz. Blinking and eye movements were corrected using independent component analysis.
Activtyabove 100 eV or below 1100 &V were remov
ERPanalysiswindow ranged from 100 ms before stimulus onset to 1000 ms after onset. The

average amber of trials included for each condition were as follows: C+P+, 49 (SD, 2.09;

ma X , 50; mi n, 43) ; Ci P+, 49 (SD, 1.81; ma x ,
min, 45); and CiP1T, 48.83 (SD, 1.83; max, 50
Statistics

Theacquisition phashada 2 x 2 experimental design: stimulus type (conceptual, perceptual)

I conditioned t-gxpeetan§yatsand RTsthSHe acquisitibd phase were

analyzed using stimulus type x conditioned typpeateemneasuresanalyses of variance
(ANOVASs). USexpectancydataand RTs in the generalization phase were calculated using
perceptual type (P+, PT) I conceptThaBRPt ype |
analysis windowanged from 100 ms before stimulus onset to 1000 ms after onset. Based on
previous studies anithe grandaveraged ERP waveform, we scored Pihasnean response

between 126165 ms &t electrodeP3), EPN aghe mean response between PB80 ms
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(Schupp et al., 2004), N400 e mean response between B880 ms (Cz CI CZ C3

C4), and LPP ashe mean response between 5680 ms (Fz, Cz) (Pavlov & Kotchoubey,
2019). Repeated measures ANOVAs were performe@déoceptual P + , FConceptaah d
( C+, stidwuli)for the average P1, EPN, N400, and L&Mmplitudes Throughout our

analysis the effects were considered significant wiken 0.05.

Results

Behavioral Results

During the acquisition phase, the shock expectancy was 3.07 £ 0.17 (M £fSEGH, 2.31

+ 0.18f or Ci1, was, P3.a0d7 239 +0.281br. fRRepeat sdi meas
ANOVA with the Stimulus Type (concept, perception) @onditioning y pe ( CS+, CS1)
factors revealed a significant main effectSifmulus Type(F12,= 13.51;p . 0.001;d? =

0.34) and a significant main effect @dnditionng Type(F122= 32.68;p < 0.001;d 2= 0.56),

which demonstrated that participants successfully learned the contingency between the CS
andthe US. Furthermore, there was a significant interaction between these two f&gtess (

= 7.84;p = 0.010;,d? = 0.23). Follow-up simple effets tests revealed that the shock

expectatiorfor P+ was significantly larger than thfar C+ (Fig.2a).
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Figure 2. The USxpectancy ratings (a) and mean response timm(li¢ar acquisition and
fear generalization (c, d). Noteé?, perceptual stimulusC, conceptual stimulusC+,
conceptual CS+C T, C 0 N Cc e pP+,wartept@ITBAC T, perceptual CS1
SEM are given*** p<0.001 *p<0.01;p<0.05

During the acquisition phase, the response siwere 1475.65 + 111.59 ms for C+,
1397.® = 112.99 ms for C, 1285.13 N 97.99 ms for P+, anc
Repeat edl me as ur3timuluiATyge(¢adncepialt perceptual) €onditioning
Type( CS+, CS1) as factors s hStinuusiTymFisF5494;f i c ant
p = 0.027;d?> = 0.174), indicating that participants needed more time to evathate

conceptual cuesompared than they did the perceptual cliée effect ofConditioning Type



