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Abstract

Superior learning for fear-relevant stimuli is tygily indicated in the laboratory by faster
acquisition of fear responses, greater learned &a enhanced resistance to extinction.
Three experiments investigated the speed, magnitudkerobustness of UK children’s (6-10
years;N = 290; 122 boys, 168 girls) vicariously learnedrfeesponses for three types of
stimuli. In two experiments, children were pregenivith pictures of novel animals
(Australian marsupials) and flowers (fear-irrelevatimuli) alone (control) or together with
faces expressing fear or happiness. To deterraaraihg speed the number of stimulus-face
pairings seen by children was varied (1, 10, otr3ls). Robustness of learning was
examined via repeated extinction procedures oweeeks. A third experiment compared the
magnitude and robustness of vicarious fear learfuingnakes and marsupials. Significant
increases in fear responses were found for snat@supials and flowers. There was no
indication that vicarious learning for marsupialasiaster than for flowers. Moreover,
vicariously learned fear was neither greater noremobust for snakes compared to
marsupials, or for marsupials compared to flowdrsese findings suggest that for this age

group stimulus fear relevance may have little iefloe on vicarious fear learning.

Keywords:anxiety, vicarious learning, childhood fears, pueglness, extinction
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Stimulus Fear relevance and the Speed, M agnitude, and Robustness of Vicariously

Learned Fear

Seligman (1971) explained the non-random distrdyutf fear, in which some types
of fear are more common than others, in terms ofugnary-based biological
‘preparedness’ and typically a distinction is nowada between ‘fear-relevant’ (‘prepared’)
and ‘fear-irrelevant’ (unprepared) stimuli. Phydogtic fear-relevant stimuli such as snakes
and spiders are said to be stimuli that presentackat to human ancestors and avoiding
these stimuli may have aided survival. Thereforgividuals that learned to fear them
quickly and easily would have been more likelytovsre and pass on their genes than those
who did not. Fear-irrelevant stimuli on the othand, are stimuli such as flowers that did
not pose such a threat to our ancestors. Seligmgared that stimulus preparedness enhances
learning of fear-related associations during artratic learning event with phylogenetic fear-
relevant stimuli. Associations between a fearvate stimulus (conditioned stimulus; CS)
and a negative outcome (unconditioned stimulus; ai€pelieved to be less cognitive or
rational than is the case for fear-irrelevant stirand are argued to occur more readily and
be more robust (Mineka & Ohman, 2002; Ohman & MmeX001; Seligman, 1971).
Typically, laboratory evidence for these ‘selectagsociations’ is said to occur when
learning for a stimulus shows one or more of sdveedures, including: a) a larger
conditioned fear response; b) faster acquisitiearfling in fewer trials); and c) is more
persistent, showing enhanced resistance to exiin¢see e.g., Mineka & Ohman, 2002;

Ohman & Mineka, 2001).

One way that children can learn to fear a stimidusgcariously, through observation
of another person’s (a model) response to the &tgr(iRachman, 1977). It has been argued

that vicarious learning is a form of CS-US assoageearning (Askew & Field, 2007, 2008;
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Bandura, 1969; Mineka & Cook, 1986, 1993; Reynokisld, & Askew, 2015) in which the
model’s response acts as the US and becomes dsslowith the animal or object CS.
Vicarious fear-learning has been convincingly desti@ted in experiments with adults (e.g.,
Berger, 1962; Golkar & Olsson, 2016; Olsson et2411,6; Olsson & Phelps, 2004; Vaughan
& Lanzetta, 1980) and monkeys (e.g., Cook & Minek@90; Cook, Mineka, Wolkenstein, &
Laitsch, 1985; Mineka & Cook, 1993; Mineka, Davids@ook, & Keir, 1984). Given that
specific fears and phobias often begin during ¢ttt (Ost, 1987; Ost & Treffers, 2001),
this is likely to be a particularly informative p&d in which to research their onset.
Evidence with children has shown that vicariousrig®y can lead to changes in all three of
Lang’s (1968) fear response systems: verbal-cognibehavioral avoidance, and
physiological responses (e.g., Askew, Cakir, P@idséa Reynolds, 2014; Askew & Field,
2007; Askew, Kessock-Philip, & Field, 2008; Askd®eynolds, Fielding-Smith & Field,
2016; Dubi, Rapee, Emerton, & Schniering, 2008; mxu& Askew, 2013, 2016; Gerull &
Rapee, 2002; Reynolds, Field & Askew, 2017); ad aghttentional bias (Reynolds, Field,

& Askew, 2014; Reynolds, Field, & Askew, in prefs) animals.

In a series of seminal studies, Mineka, Cook, ailgagues demonstrated that
laboratory-reared rhesus monkeys that were nadliyiafraid of snakes rapidly learned fear
of snakes from observing snake-fearful monkeys,(€gok et al., 1985; Mineka & Cook,
1993; Mineka et al., 1984). This vicarious fearteng effect was found for fear-relevant
stimuli such as toy snakes but not for fear-irral@wstimuli such as flowers (Cook & Mineka,
1989; 1990). Similar evidence of superior conditig for fear-relevant stimuli also comes
from a range of classical conditioning procedurés adults (see Ohman & Mineka, 2001
for an overview). The evidence, however, for glecassociations in human vicarious
learning is less clear. Using a paradigm in whatkdlers saw their parents responding

negatively to stimuli, Dubi et al. (2008) found difference in learned fear and avoidance for
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fear-relevant (rubber snake or spider) and featauant (rubber flower or mushroom)
stimuli. Similarly, Askew, Dunne, Ozdil, Reynolds)d Field (2013) found that the
magnitude of vicariously learned fear responsesneasiffected by stimulus fear relevance.
Askew and colleagues presented 6- to 11-year-oittsimnages of fearful adult faces
alongside images of stimuli with low to high levelsfear relevance: flowers, worms,
marsupials, caterpillars, and snakes. Vicarioledyned increases in fear-related responses
were no different for flowers, marsupials, catdgod, and snakes; only worms showed lower
levels of learning on some, but not all, measufesgether, these findings appear to suggest
that fear relevance may be bypassed when childyeereationally learn fear-related
information about stimuli from adults.

Evidence from vicarious learning in children thkas found no evidence of larger
learned responses for stimuli of greater fear eelee. However, it remains possible that
vicariously learned fear for these stimuli is maapid or robust, either of which would also
be indicative of selective associations. For eXangirect conditioning studies with adults
have sometimes shown similar magnitudes of feaniaitipn for fear-relevant (e.g. snakes,
spiders, angry faces) and fear-irrelevant (e.gvéis, mushrooms, happy faces) stimuli, but
found superior resistance to extinction for fedevant stimuli (Ohman & Dimberg, 1978;
Ohman, Fredrikson, Hugdahl, & Rimmog, 1976). SimylaHygge and Ohman (1978) found
that although adults’ vicariously learned fear mesges were initially similar, they
immediately extinguished for fear-irrelevant stimmhushrooms, berries, and flowers) but
not for fear-relevant stimuli (snakes, spiders, eatd). Other evidence shows direct
conditioning of fear in adults in a single CS-USipg trial for fear-relevant but not fear-
irrelevant stimuli (e.g., Ohman, Eriksson, & Olafes1975). Thus, as well as the magnitude
of fear learning, the speed and robustness ofielgsifear learning for stimuli of differing

fear relevance should also be investigated in mdnld The three experiments described here
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examined all three laboratory characteristics e associations. Experiment 1
compared the magnitude and speed of vicariousléaaning in children for two types of
stimuli likely to be of differing fear relevanceovel (unknown to the child) animals
(marsupials: a quoll, quokka, and cuscus) and fiee red avens, willow gentian, and
dotted loosestrife). It also examined whetherraay is more lasting for marsupials
compared to flowers. Experiment 2 investigatedisbiess of learning for the marsupial and
flower stimuli in more detail, comparing robustne$searning in children following three
extinction procedures over a 3 week period. Fnaiiven that marsupials are not established
fear-relevant stimuli, Experiment 3 compared magtetof learning and resistance to
extinction and counterconditioning following vicauis fear learning for marsupials and well-

established fear-relevant stimuli: snakes (keelppakoni, and boomslang).

Experiment 1

In an adaptation of Askew and Field's (2007) vicas learning paradigm, two
groups of children saw either three marsupial (ergbar relevance) or three flower (lower
fear relevance) CSs together with emotional face id& series of marsupial-face (CS-US)
‘pairings’: one marsupial or flower CS with fearfakes (fear-paired), one CS with happy
faces (happy-paired), and one alone with no faseggired control). In addition, in order to
investigate speed of learning, children were didiagdo three further groups that saw
different numbers of CS-US trials: 1, 10, or 3@l8j to compare speed of learning. Measures
of children’s fear beliefs for the CSs were takefobe and after learning and avoidance
preferences were measured after learning. Follomegasures were also taken 1 week later

to investigate whether learning was more persigterthe animals than the flowers.

The marsupials and flowers were chosen becausetkaynfamiliar to U.K. children,

so children were unlikely to have an existing l@agrhistory for them and therefore no prior
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threat-related beliefs or expectations for therhisTs important because prior expectancies
that a learning event involving a CS will have gaté/e outcome (US) are known to enhance
fear learning, increasing the speed of learning/ben the CS and an aversive US, and
producing associations that are more resistanttination (see Davey, 1992; 1997). US
expectancy biases have not only been found forggfayletic (snakes and spiders) but also
ontogenetic (gun and electricity outlet) fear-raletvstimuli (Honeybourne, Matchett, &
Davey, 1993), showing that expectancies can bedeéavia cultural transmission. Threat-
related verbal information, for example, has bdewa to increase children’s expectancies
in relation to novel marsupials (Field, Lawson, &rigrjee, 2008). Thus one limitation of
typical conditioning paradigms with fear-relevantdear-irrelevant stimuli is that
participants are likely to have prior expectanéggghe stimuli used. Learning for stimuli

that are unknown to participants may produce dffieresults to studies that use more
obvious fear-relevant stimuli such as snakes atespj for which children in this age group
are already likely to have existing fear-relatetidfe and learning historiest was

considered important for the current study thaldecan would have limited familiarity with

the stimuli used but would also be old enough tatten age when fears of this kind typically

begin.

Based on Dubi et al.’s (2008) and Askew et al.&1(® findings, it was predicted that
there would be similar increases in children’s fedated responses for fear-paired
marsupials and flowers. However, based on evidénoe human classical conditioning
paradigms (see Ohman & Mineka, 2001), it seemadyithat learning might occur more
rapidly (in fewer trials) for marsupial stimuli kease of their higher fear relevance compared
to flowers. It also seemed likely that learning imarsupials would persist longer than for
flowers because classical conditioning procedunesvgyreater robustness for fear-relevant

stimuli compared with fear-irrelevant stimuli (S@aman & Mineka, 2001). A final effect of



Running Head: STIMULUS FEAR RELEVANCE AND VICARIOUS LEARNING 8

more general theoretical interest was whether \aarfear learning over a greater number of
trials would lead generally to greater and moreusblbear-related responses compared with

learning in fewer trials.

Method

Participants. Participants were 140 children (53 boys, 87 galgd 6—10 yeard
= 8.86 yearsSD= 1.29 years). Previous research indicates thrawal developmental fears
in this age group often focus on animals (Field &By, 2001). Children were recruited
from schools in southwest London, U.K. All pareatsl caregivers gave informed consent
and children gave their verbal assent. Childrerewandomly assigned to either the
marsupial § = 74; 29 boys and 45 girls) or flower £ 66; 24 boys and 42 girls) group. In
addition, children within each group were dividatbia further three groups receiving
different numbers of pairing trials: marsupial-ialt(n = 25), marsupial-10 trial (= 24),
marsupial-30 trialsn(= 25), flower-1 trial § = 22), flower-10 trialsr{= 21), and flower-30
trials (h = 23). Age did not vary significantly across gosy~(5, 134) = 1.53p = .19 and
there was no evidence of an association betweetiegamd group,*(5, N = 140) = 1.42p =

.92.
Materials.

CSs. Three color images (400 x 400 pixels) of eacthod¢ Australian marsupials
(the quoll, quokka, and cuscus), typically unknaeiJ.K children, were used as novel
marsupial CSs (Askew & Field, 2007; Field & Laws@003); thus there were nine different
images in total. These animals were chosen bedaksehildren are generally unaware of
them and because they have been successfully ugeeMious similar vicarious learning
studies (e.g., Askew & Field, 2007; Askew et ad0&, 2013, 2014; Dunne & Askew, 2013;

Reynolds et al., 2014, 2017). In addition, theezerthree different images (each measuring
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400 x 300 pixels) of each of three flowers (a reens, willow gentian, and a dotted
loosestrife); nine in total. These flower CSs wamilarly chosen because they are
uncommon in the U.K. and because two of the floywd¥es red avens and dotted loosestrife,

had already been used successfully in a similagraxgnt by Askew et al. (2013).

FaceUSs. Ten models were chosen at random from the s&t aefdult female models
used by Dunne and Askew (2013, 2016). Each modslimdividually taught how to pose
fearful and happy faces using the guidelines asdrg#ions of I1zard (1971), and Ekman and
Friesen (1975) and faces were rated for emotiat@mlracy by a sample of adults and
children (see Dunne & Askew, 2013, for detailshrée fearful and three happy color portrait
images of each model, with a uniformly plain backgrd (300 x 400 pixels) were used; 60
images in total. As with marsupial and flower irmagmore than one example of each type
of image was used to reduce the possibility thatliedn saw one particular image of an adult
being repeatedly paired with a specific image ofasupial or a flower.

Fear Beliefs Questionnaire (FBQ). A version of the FBQ (Field & Lawson, 2003),
used successfully by Askew et al. (2013) to meashitdren’s fear beliefs for marsupial and
flower CSs, was also used here. Children are askéndt FBQ about how they would feel in
seven hypothetical situations with each marsupiélbaver (e.g., “Would you be happy if
you found a cuscus/quokka/quoll/red avens/dotteddstrife/willow gentian in your
garden?”). They responded to 21 questions in twta 5-point Likert scale (0 ‘No, not at
all'; 1 ='No, not really’; 2 ='Don’t know/Neither; 3 =*Yes, probably’ 4 =*Yes,
definitely’). An average fear beliefs score from 0 to 4 wasutated for each marsupial or
flower, with 4 being the highest level of fear leédi. Internal consistencies were in line with
previous studies (e.g. Askew et al., 2008; Fietf)&), meeting or approaching Kline’s
(1999) recommended .70 threshold: prior to vicasi®arning, Cronbachs = .82 for the

cuscus subscale, .75 for the quokka subscalepr8hé quoll subscale, .72 for the red avens
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subscale, .80 for the dotted loosestrife subseale,.68 for the willow gentian subscale.
After vicarious learning. = .91, .88, and .89 for the marsupials, and &7, and .84 for the
flowers respectively. One week later Cronbaceh*s.89 for the cuscus subscale, .76 for the
guokka subscale, .86 for the quoll subscale, .8ithmred avens subscale, .82 for the dotted
loosestrife subscale, and .77 for the willow gensabscale.

Distraction Task. A simple custom-written Microsoft PowerPoint-basedlti-level
maze game was used as a distraction task. Childr@mo navigate the mouse through a
series of obstacles to gain access to the nextdéviee game. A stopwatch was used to
ensure the distraction task was performed for timeect length of time which varied
depending on the trial group children belongedtorder that the time between the pre- and

post-vicarious learning FBQs was always similar.

Nature Reserve Task (NRT). The NRT (Field & Storksen-Coulson, 2007) was used
to measure children’s avoidance preferences fosupaals and flowers. Children were
asked to imagine that a green board (45 cm x 60n@s)a nature reserve. An image of one
of the marsupials or flowers children had seenmduvicarious learning was placed at one
end of the rectangular board and children weredagk@lace a Playmobil figure representing
themselves onto the board in the location wheng Wauld feel most at ease. This procedure
was then repeated for the second and third CSe.diBtance from the child’s figure to each
CS was measured as an indication of children’sdaraie preference for that CS (marsupial

or flower).

Procedure. The procedure was computerized (Field, 2010) inai8asic.net and
presented to children on an RM 4300 laptop with&1screen. Children were randomly
allocated to one of two CS groups, marsupialsawéks, and then completed the first FBQ

about their CSs. Next, all children completedsdrdction task and then saw the vicarious
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learning procedure. During vicarious learningjdii@n in the marsupial group saw pairing
trials in which one marsupial was presented togetlith fearful faces, one marsupial with
happy faces, and the third marsupial on its owanagnpaired control condition. Children in
the flower group saw flowers instead of marsupidissingle CS-US pairing trial consisted

of a CS (marsupial or flower) being presented @nsttreen alone for 1s and a further 1s
together with a US (face) on the opposite siddefdcreen, while unpaired trials consisted of
the CS being presented alone for 2s. The typaaifexpression paired with each type of
marsupial or flower was counter-balanced acroddrem. In addition, each CS group was
subdivided into three further trial groups, whidtetrmined the number of pairing trials
children saw during vicarious learning: 1, 10, 6rtBals. Thus there were essentially six
groups in all: marsupial-1 trial, marsupial-10 lgjanarsupial-30 trials, flower-1 trial, flower-
10 trials, and flower-30 trials. As the numbetrddls varied between groups, children
undertook a distraction task before vicarious leayo ensure that all groups had the same
time interval between completing the pre- and pestning FBQs. The length of time spent
on the distraction task depended on the trial ghilolren were assigned to: 9 mins for the 1
trial groups; 6 mins for the 10 trials groups; dnihin for the 30 trials group. Thus, for
example, children in the marsupial-1 trial groupevgiven a 9 min distraction task and then
presented with each of the three marsupials fangestrial only; one marsupial was seen
once with a happy face, one marsupial was seenwttica fear face, and one marsupial was
seen once unpaired (control). Following vicariening, children completed the FBQ a
second time and the first NRT. One week later tR® Rnd NRT were administered again.
Finally, children were fully debriefed using gampszzles and correct information about the

marsupials or flowers they had seen.

Results

Fear Beliefs.
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Vicarious acquisition. FBQ scores were compared pre- and post-vicari@usileg.
Figure 1 shows that mean fear beliefs for fearguhgtimuli were higher post-learning than
pre-learning. In contrast, fear beliefs for hapayred stimuli decreased post-learning
compared to baseline. Unpaired fear beliefs reethgimilar across all time points: pre-
learning, post-learning and 1 week later. A fourn@&ime: pre-learning vs. post-learning) x
3(pairing type: fear, happy, unpaired) x 2(CS grauprsupials vs. flowers) x 3(trial group:
1, 10, 30) mixed ANOVA with repeated measures ffierfirst two variables was performed
on fear belief scores. The important (Greenhousisser adjusted) time x pairing type
interaction was significanE(1.69, 226.78) = 47.3§,< .001,n°p = .26 (95% Cls [0.166,
0.347]), indicating that vicarious learning ledcttanges in fear beliefs for CSs that were
different depending on the type of face childrew #&em with. Planned comparisons
comparing baseline fear beliefs and fear beliefsviong vicarious learning showed a
significant increase following fear face-pairiti(1, 134) = 66.01p < .001,1°p = .33 (95%
Cls [0.205, 0.438]) and a significant decreaser &ftppy face-pairind; (1, 134) = 22.34p <
.001,n°p = .14 (95% Cls [0.050, 0.251]), compared withrayes for unpaired CSs. Thus,
fear beliefs had increased due to fear vicarioasiaeg and decreased following positive
vicarious learning.

The time x pairing type x CS group x trial groupenaction was non-significarf(8,
536) = 0.70p = .69, n°p = .010 (95% Cls [0, 0.016]). All other interact®owere non-
significant, including the time x pairing type ¥alrgroup interactionk-(3.38, 226.78) = 1.27,
p=.28, 1% = .019 (95% Cls [0, 0.053]), and the time x pajriype x CS group interaction,
F(1.69, 226.78) = 2.3 = .10, n°p = .017 (95% Cls [0, 0.061]). This shows thatfta
relevance of the CS (marsupial or flower) and theniber (1, 10, and 30) of CS-US pairing
trials children saw had no effect on the magnitofdeicarious learning. The lack of four-

way interaction indicates that learning was noteiair one CS type than another, and given
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the small magnitude of effect sizes, it is highhjikely that this nonsignificance was simply

the result of a lack of power.

Correlational analysis showed that there was afgignt correlation between age and
overall changes in fear beliefs due to negativenmpirs(138) = .18p = .031, with greater
age associated with greater increases in fearfbelidowever, this effect was relatively
small. There were also gender differences in irsgean fear beliefs. On average, giNt%
0.81,SD=1.21) showed significant greater increasesan lieliefs than boysV = 0.28,SD
=1.19),t(183) = 2.56p = .012,d = 0.45.

1-week follow-up. Figure 1 shows that mean fear beliefs remainedenithan
baseline 1 week after learning. Similarly, feardfslfor happy-paired stimuli were still
lower 1 week later than at baseline. An ident’ddlOVA analysis comparing post-vicarious
learning FBQ scores to scores 1 week later supghdinis. Only effects that include time as a
variable are of interest here. Of these, all wenesignificant except for the time x pairing
type interactionF(2, 268) = 3.81p = .023, n’p = .028 (95% Cls [0.0001, 0.072]) which
indicated that fear beliefs for stimuli changedromee week depending on the face children
had seen them with. Planned comparisons founddhabeliefs had significantly decreased
for fear-paired CSg$:(1, 134) = 7.05p = .009,1°p = .05 (95% Cls [0.003, 0.137]) but
remained constant for happy-paired G54, 134) = 2.00p = .16,1°p = . 015 (95% Cls [0,
0.077]), compared to unpaired CSs. Thus, positie@ious learning was more robust than
fear vicarious learning. Nonsignificant interacsdsetween time X pairing type effects with
the CS type and number of pairings indicated these effects were identical for marsupials
and flowersF(2, 268) = 0.25p = .78,1°p = .002 (95% Cls [0, 0.018]), and for 1, 10, or 30
pairings,F(4, 268) = 0.12p = .98,1°p = .002 (95% Cls [0, 0.007]). Effects were so lsam
to be negligible, indicating that it was highly ikelly that lack of power could explain

nonsignificance.
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Not all children showed evidence of fear-relateguasition during the vicarious fear
learning phase. Therefore, an additional idenacalysis investigated fear reduction in only
those childrenr(= 82) that had shown increases in fear beliefs-lgasning. The time x
pairing type interaction was significaf(2, 152) = 13.72p < .001,1%p = .15 (95% Cls
[0.153, 0.057]), which again indicated a significpairing type-related reduction in fear
beliefs for stimuli over time. Planned comparisoosfirmed that there was a significant
reduction in fear beliefs at 1 week follow-ugd € 2.52,SD= 0.99) compared to post-
learning M = 3.07,SD= 0.77) for fear-paired CSs compared to unpairéd,E(1, 76) =
29.51,p < .001,n%p = .28. All other effects were nonsignificant egtfor the main effects
of time and pairing type, and the time x CS gratpraction, which do not have meaningful
theoretical implications here. Therefore, this conéd that fear reduction occurred over 1
week, was the same for animals and flowers, andwaaffected by the number of pairings
seen during acquisition.

Avoidance preferences.

Vicarious acquisition. Figure 2 shows mean distances (cm) from marsupal a
flower CSs to the figures children placed on thardo A three-way 3(pairing type: fear,
happy, unpaired) x 2(CS group: marsupials vs. flgjve 3(trial group: 1, 10, 30) mixed
ANOVA analysis was performed on NRT scores. Theied main effect of pairing type was
significant, indicating that vicarious learningedted how far away children placed
themselves from flowers and marsupials in the eateserve after vicarious learnirig1.89,
252.95) = 11.88p < .001,1°%p = .08 (95% Cls [0.026, 0.148]). Planned compassshowed
children placed themselves farther away from feargol CSsF(1, 134) = 18.16p < .001,

n’p = .12 (95% Cls [0.035, 0.224]), and closer tofyapaired CSsk(1, 134) = 12.09p
=.001,1°p = .083 (95% Cls [0.016, 0.181]) compared to urgzacontrol stimuli. All other

main effects and interactions were nonsignificandluding the pairing type x CS group x
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trial group interactionE(4, 268) = 0.93p =.45,1%p = .014 (95% Cls [0, 0.038]), pairing type
x CS group interactiork(2, 268) = 2.11p :.12,n2p =.016 (95% Cls [0, 0.052]), and pairing
type x trial group interactior(4, 268) = 1.04p = .39,1°p = .015 (95% Cls [0, 0.041]).
These showed that the effect of vicarious learmag the same for marsupials and flowers,
and for 1, 10 or 30 pairings, and the very smd#iafsizes suggest that his cannot be
explained by inadequate power.

Correlational analysis found no relationship betwages and changes in avoidance
preferences for negatively paired animals. Neithas there a significant difference between
girls and boys in changes in avoidance preferefardbe fear-paired animal.

1-week follow-up. An identical analysis was conducted at follow-upeek later.

The main effect of pairing-type showed that avomapreferences were also different at 1
week depending on pairing typE(1.92, 256.64) = 15.84,< .001,n?p = .11 (95% Cls
[0.042, 0.176]). Planned comparisons showed thaitlance was significantly greater for
fear-paired stimuliF(1, 134) = 33.57p < .001,n%p = .20 (95% Cls [0.092, 0.313]), and
significant lower for happy-paired stimufi(1, 134) = 12.69p = .001,1?p = .09 (95% Cls
[0.017, 0.185]), than unpaired control stimuli.l 8dher main effects and interactions were
non-significant, showing that robustness of childseavoidance preferences over time was
no different for animal and marsupials, and nundigrairing trials also did not affect this.
An analysis could not be conducted for only thds&loen that showed increased avoidance

after vicarious learning because baseline measti@gidance preferences were not taken.

Experiment 2

Experiment 1 found no effect of stimulus type oa $ipeed (number of trials) or
magnitude of vicariously learned fear beliefs andidgance preferences. There was also no

evidence that fear-related learning for fear-ival# flowers was any less robust than for
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marsupials: learned fear beliefs were significantiyuced at 1 week for both stimuli, and
learned avoidance preferences were still detectdtde 1 week for both stimuli. However,
robustness was only examined as persistence afatisdearning effects over time, and it
may still be the case that animals show additionalistness to extinction procedures
compared to flowers. Extinction refers to the gadveakening of a previously established
conditioned response by repeated presentatiored $on its own, leading to the learned
behavior (conditioned response; CR) reducing @apfisaring; that is, subsequent exposures to
a CS in the absence of the US should weaken tloeiaisn between the CS and the US with
a corresponding reduction in the CR (see Bouto8420Resistance to extinction is
demonstrated when there is no reduction in conditiaresponse to the CS following CS-only
presentations.

In research comparing characteristics of directsave learning for stimuli
considered prepared and fear-relevant, such agsmalspiders, with fear-irrelevant stimuli
such as flowers and mushrooms, resistance to égtinis one of the most persistently
observed effects (e.g., Cook, Hodes, & Lang, 1886édrikson & Ohman, 1979; Ohman &
Dimberg, 1978; Ohman et al., 1976; Ohman & Mingl¥)1). However, others such as
McNally and Foa (1986) and Merckelbach, van deréviphnd van den Hout (1987) reported
no evidence of superior resistance to extinctioridar-relevant stimuli. McNally and Foa
(1986) found that the only predictor of resistataextinction was strength of conditioning;
although, Ohman and Mineka (2001) have attribuéddres to find superior resistance to
methodological differences.

Given previous findings, Experiment 2 examined \waeticariously acquired fear-
related responses for stimuli of greater fear slee would show greater resistance to
extinction. At one week intervals for 3 weeksdaling vicarious learning, children were

exposed to three extinction procedures consisfipgesentations of the conditioned stimulus
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(marsupials or flowers) in the absence of the uditmmed stimulus (emotional faces). One
week intervals were chosen to parallel the timathExperiment 1. However, one week may
have been too short to measure persistence in ifxgrdrl and similarities between stimuli in
the perseverance of fear responses could be dhisto

Changes in children’s fear beliefs and avoidanegegpences for marsupials or
flowers were again measured by FBQ and NRT. Bsttime pre-vicarious learning NRT
measures were also taken so that avoidance preés@ost-learning could be compared
within each child to baseline levels. This measteng avoidance preferences could be
taken into account and the possibility that differes across conditions were already present
prior to learning ruled out, although this was expected given that CSs and faces were
counterbalanced. Based on previous researchyehidere again expected to show a marked
increase in fear-related beliefs and avoidancespgates for marsupials and flowers seen
together with pictures of adult fear faces. Initolid, much of the classical conditioning
literature suggests superior resistance to exbnahould be observed for stimuli of higher fear
relevance. Given the apparent similarities betwaectt conditioning and vicarious learning
mechanisms (see Askew & Field, 2008), similar effegight be predicted here for animals
compared to flowers.
Method

Participants. Participants were 66 children (23 boys, 43 gaig@d 6-10 yeard =
8.81 yearsSD = 1.01 years) recruited from local schools in bagst London, UK. All had
parental consent and gave verbal assent. As ieriEwpnt 1, children were randomly
assigned to the marsupial £ 34, 16 boys and 18 girls) or flower £ 32, 7 boys and 25
girls) CS groups. There was no association betweader and group?(1, N = 66) = 3.56p

=.059. Children in the flower group(= 108.75 monthsSD= 11.40) were on average 6
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months older than children in the marsupial gradp=(102.85 monthsSD= 12.16); a

marginally significant difference(64) = 2.03p = .047.

Materials. Marsupial, flower, and face images were identiodtxperiment 1.
Measures used were also identical. Internal ctarsiges for the FBQ were once again found
to be acceptable: before vicarious learning, scdiabilities were Cronbach's = .73 for the
cuscus subscale, .66 for the quokka subscaleprithé quoll subscale, .66 for the red avens
subscale, .79 for the dotted loosestrife subseale, 74 for the willow gentian subscale. Post-
vicarious learning they were: .80, .75, and .82He marsupials, and .93, .93, and .87 for the
flowers respectively. At 1 week extinction Cronbaakis were .83, .76 and .78 for
marsupials, and .90, .84, and .85 for flowers; awe2ks extinction, .84, .71, and .79 for
marsupials, and .90, .92, and .84 for flowers; a@in8lweeks extinction, .84, .72, and .84 for

marsupials, and .91, .90, and .87 for flowers repaly.

Procedure. The procedure was similar to Experiment 1 exdegutin addition to the
first FBQ, children were also asked to completeeavpcarious learning NRT. Following
these baseline measures, all children saw 10 Cgdutigs for each animal or flower during
vicarious learning: 10 marsupials or flowers wiglaif faces (fear-paired), 10 marsupials or
flowers with happy faces (happy-paired), and 10smgials or flowers with no faces
(unpaired control). Next, children completed thelF&d NRT a second time. One week
later, children took part in the first extinctioropedure. Depending on the CS group they
were in, they were shown all 30 marsupial or flo@& images again but this time alone,
without any accompanying face US. They then cotedla third FBQ and NRT to detect
changes in fear-related beliefs or avoidance peafms caused by the extinction procedure.
A second identical extinction procedure was perfmrd weeks after the initial vicarious

learning task and FBQ and NRT measures were taj@n.aAt 3 weeks, the final extinction
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procedure and FBQ and NRT measures were conduClieitdiren were fully debriefed and

given games and puzzles with correct informatigarding the stimuli they saw.

Results

Fear beliefs.

Vicarious acquisition. The effect of vicarious learning on fear beliefsswdetermined
via a three-way 2(time: pre-learning vs. post-leaghx 3(pairing type: fear, happy,
unpaired) x 2(CS group: marsupials vs. flowers)eadiANOVA with repeated measures on
the first two variables. The time x pairing typgeraction critical for indicating successful
vicarious learning was significarf(2, 128) = 11.75p < .001,1%p = .16 (95% Cls [0.051,
0.261]). Planned comparisons were used to exaris@tfect in more detail, revealing that
fear beliefs significantly increased for fear-pdi@SsF(1, 64) = 19.04p < .001,n2p =.23
(95% Cls [0.071, 0.387]), and significantly deceshfor happy-paired CSBE(1, 64) = 10.59,
p= .002,n2p =.14 (95% Cls [0.022, 0.297]). In contrast, tinge x pairing type x CS group
interaction was nonsignificarfE(2, 128) = 1.41p = .25,1°%p = .02 (95% Cls [0, 0.083)).
This meant that negative and positive vicariousnieg were successful for increasing and
decreasing fear beliefs, and this effect was theesar marsupials and flowers (see Figures
3a and 3b). The small effect size indicated thistwas not likely to be the result of power

issues.

A correlational analysis showed that there wassatige significant correlation
between age and changes in fear beliefs for threplgieed animaly(64) = .29,p = .019,
showing that increases in fear beliefs were lamgetder children. Increases in fear beliefs

were no different for boys and girls.

Fear reduction. A three-way 4(time: post-learning, 1 week extinati@d weeks

extinction, and 3 weeks extinction) x 3(pairingaypear, happy, unpaired) x 2(CS group:
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marsupials vs. flowers) mixed ANOVA was performedfear belief scores. There was no
evidence that fear beliefs decreased at all destiaction over the entire 3 week period
because the time x pairing type interaction wassigmificant,F(4.71, 301.15) = 1.4% =
.21,m%p = .022 (95% Cls [0, 0.050]). In addition, a ngmsficant three-way interaction
indicated that learned fear beliefs were similaolgust for both marsupials and flowers,
F(4.71, 301.15) = 1.8 = .12,1%p = .027 (95% Cls [0, 0.059]). Thus, vicariousrfea
learning was both effective and robust for bothsuprals and flowers (see Figures 3a and

3b).

An additional identical analysis was conducteddoly those children (marsupials:
= 21; flowers:n = 22) that had shown fear belief acquisition pos&rious learning. For this
sub-group of children, there was a significant tikngairing type interactiork (6, 246) =
4.76,p < .0011°p = .10 (95% Cls [0.027, 0.160]). Planned compassshowed that
compared to post-learning leveM € 2.92,SD = .93) fear beliefs for fear-paired animals
relative to unpaired animals were not significamtianged at either 1 weeld & 2.56,SD =
1.12),F(1, 41) = 3.07p = .087,1%p = .07 (95% Cls [0, 0.245]), or at 2 weeks £ 2.36,SD
=1.25),F(1, 41) = 2.21p = .15,1°p = .05 (95% Cls [0, 0.218]), but were significgridwer
at 3 weeksNI = 2.22,SD= 1.24),F(1, 41) = 6.77p = .013 1% = .14 (95% Cls [0.0086,
0.332]). For happy-paired animals compared to usdaanimals, fear beliefs were
unchanged at 1 week compared to post-learnMg; (.55,SD= 1.18),F(1, 41) = 2.15p =
.15,1%p = .05 (95% Cls [0, 0.216]), but had increasediicantly at 2 weeksNl = 1.54,SD
=1.21),F(1, 41) = 6.45p = .015n%p = .14 (95% Cls [0.005, 0.33]) because fear belief
decreased for unpaired animals. However, fearfisaliecreases at 2 weeks and were no
longer significantly higher than post-learnidg € 1.39,SD=1.10),F(1, 41) = 2.58p = .12,
n’p = .06 (95% Cls [0, 0.23]). All other interactfor the main ANOVA analysis were

nonsignificant, including the time x pairing typgaraction x CS group, indicating that
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extinction effects were no different for animalsflower, F(6, 246) = 1.89p = .084,n%p =

.04 (95% Cls [0, 0.081)).
Avoidance preferences.

Vicarious acquisition. Figures 4a and 4b show mean distances (cm) tm#énsupial
and flower stimuli from the figures children placex the board A three-way 2(time: pre-
learning vs. post-learning) x 3(pairing type: fdappy, unpaired) x 2(CS group: marsupials
vs. flowers) mixed ANOVA was performed on NRT seré&ignificant vicarious learning
effects were established via a significant timeaiipg type interactionf-(2, 128) = 18.89%
<.001,m%p = .23 (95% Cls [0.07, 0.385]), showing that vicas learning led to changes in
avoidance preferences for CSs that were differepedding on the type of face presented
with them. Planned comparisons found that thedehegen a significant increase in
children’s avoidance preferences for CSs seenfedéhpaired faces;(1, 64) = 8.59p =
.005,1%p = .12 (95% Cls [0.119, 0.270]), and a significdetrease in avoidance preferences
for happy-paired stimuli(1, 64) = 11.75p = .001,n2p =.16 (95% Cls [0.028, 0.311)).

This effect was no different for marsupials andvios, as evidenced by a nonsignificant time
x pairing type x CS group interactidf(2, 128) = 2.35p = .10,n°p = .04 (95% Cls [0,
0.051]). There was no significant relationshipAexn increases in avoidance preferences

and age or gender.

Fear reduction. A three-way 4(time: post-learning, 1 week extinati@ weeks
extinction, 3 weeks extinction) x 3(pairing typeaf, happy, unpaired) x 2(CS group:
marsupials vs. flowers) mixed ANOVA was performedestablish whether extinction
reduced vicariously learned avoidance preferengée. pairing type x time interaction was
significant, which meant that avoidance preferef@@schanged over time and these changes

were different for stimuli seen together with fedrhappy or no faces. Planned comparisons
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showed that, compared to control stimuli, learnemldance preferences for fear-paired
stimuli were significantly lower following the firextinction procedure at 1 wedk1, 64) =
19.23,p < .001,1°p = .23 (95% Cls [0.072, 0.388]), and remained loafeer the second
procedure at 2 weekB(1, 64) = 11.20p = .001,n°p = .15 (95% Cls [0.025, 0.305]), and the
third procedure at 3 week(1, 64) = 9.37p = .003,1°%p = .13 (95% Cls [0.016, 0.281)),
than they had been post-learning. These effects marored for happy-paired stimuli,
which showed an overall increase in fear beliefs week,F(1, 64) = 5.61p = .021,n2p =

.08 (95% Cls [0.001, 0.224]), which remained atezlsF(1, 64) = 9.87p = .0031°p = .13
(95% Cls [0.018, 0.288]), and 3 weekg], 64) = 4.35p = .041,n%p = .06 (95% Cls [0,
0.201]). The time x pairing type x CS group intéi@cwas non-significan&(6, 384) =
0.49, n°p = .008 (95% Cls [0, 0.015]), indicating that tagmst-vicarious learning changes
in avoidance preferences due to extinction werdifierent for marsupial and flower CSs.
The effect size was extremely low for this intel@ttand hence it was highly unlikely that

nonsignificance was the result of low power.

An additional analysis examined avoidance prefagiest those children (animats:
= 16, flowers:n = 26) that had shown avoidance learning post-legriihere was a
significant time x pairing type interactioR(4.44, 177.75) = 7.2 < .0011’p = .15 (95%
Cls [0.054, 0.233]), which was followed up with pteed comparisons. However, these
showed that compared to post-learning leviels=(34.76,SD = 16.81) there were no changes
in avoidance preferences for fear-paired relativertpaired stimuli at 1 weeki(= 27.93,SD
=17.93),F(1, 40) = 0.28p = .60,n%p = .007 (95% Cls [0, 0.126]), 2 weehd € 27.86,SD =
18.18),F(1, 40) = 0.88p = .35,1%p = .02 (95% Cls [0, 0.167]), or 3 weeks € 29.86,SD=
30.03),F(1, 40) = 0.79p = .38,1°p = .02 (95% Cls [0, 0.162]). In contrast, happjrea
stimuli showed significantly increased avoidanceaath time point compared to post-

positive vicarious learning. There was no evidetheg these effects were influenced by
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stimulus type because the time x pairing type >g€fsip interaction was non-significant,
F(4.44, 177.75) = 0.8 = .53,7%p = .02 (95% Cls [0, 0.051]). Therefore, vicarigus
learned avoidance preferences were robust to éxtmfor both flowers and marsupials

when only children showing learned avoidance wectided in the analysis.

Experiment 3

Experiment 2 found no evidence that learning wasigr for marsupials than
flowers. However, despite random assignment, admldh the flower group were on average
half a year older than children in the marsupialugrand older age was associated with
greater fear learning overall. Therefore, the bagy remains that learning for flowers was

only equal to that for marsupials because childvere slightly older in this group.

Experiments 1 and 2 compared speed, magnitudeododtness of vicarious learning
for fear-irrelevant flower stimuli and animals fohich children in the U.K. would have
limited prior learning history. However, althoutfie marsupials were assumed to have
greater fear relevance than the flowers, there isuidence to support this, which limits
interpretation of the findings. Stimuli such aslses are considered to be fear-relevant
because a disproportionately high number of indiald fear them compared to other stimuli.
Previous research (Askew et al., 2013) compareatiaigs fear learning for flowers and
marsupials with learning for snakes and found fi@i@ince in the magnitude of learned fear
responses. But it is not yet known whether the stifess of vicarious learning for marsupials
would also be equivalent to classic fear-relevamudi such as snakes. Experiment 3
therefore extended the previous two experiments tlae work of Askew et al. (2013), by
comparing the robustness of learning for marsupiatssnakes after extinction and
counterconditioning manipulations. Previous redeéReynolds, Field & Askew, in press)

has demonstrated that counterconditioning reduekavioral and physiological effects of
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vicarious fear learning more effectively than egtion in novel marsupials, but the
effectiveness of counterconditioning for fear-raet/stimuli (e.g., snakes) has not yet been

explored.
Method

Participants. Participants were 84 children (46 boys, 38 girtgd7-9 yeard =
96.01 monthsSD =7.82 months) recruited from a local school in Hedshire, UK. All
had parental consent and gave verbal assent. r@migdere randomly assigned to the CS-
type group (marsupial or snake) and further assigo¢he fear-reduction condition
(extinction or counterconditioning); thus childretther received the marsupial CS with
extinction interventionr( = 11 boys and 10 girls), the marsupial CS with cowwateditioning
intervention f = 12 boys and 9 girls), the snake CS with extinciigarvention ( = 13 boys
and 8 girls) or the snake CS with counterconditignnterventioni§ = 10 boys and 11 girls).
There was no association between gender and gri{@pN = 84) = 0.96p = .81, and age

was no different across group&l0) = 0.78p = .44.

Materials. Marsupial and face images as well as FBQ and NRRdsures were
identical to Experiments 1 and 2. Three additimubr images (346 x 444 pixels) of three
snakes (keelback, pattoni and boomslang) were aséke fear-relevant CSs; nine in total
(see Askew et al., 2014). These snakes were clthaeto being uncommon in the U.K and
so children were unlikely to have prior experienc&nowledge of them. Internal
consistencies for the FBQ were all high (Cronbaalpka): before vicarious learning= .73
for the cuscus subscale, .74 for the quokka subsc for the quoll subscale, .85 for the
boomslang subscale, .81 for the pattoni subscale&hfor the keelback subscale. Post-

vicarious learning they were .81, .84 and .86 lierrharsupials, and .85, .84 and .84 for the
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shakes respectively. Post-fear reduction they v85e.85 and .85 for the marsupials, and

.91, .85 and .87 for the snakes respectively.

Given the likelihood that fear beliefs for snakagm be at the top end of the FBQ
scale, this could lead to problems in detectingharease in fear cognitions post vicarious-
learning. Therefore, children completed three @aliial self-report measures of fear (see
Askew et al., 2013) assessing cognitive, behaviemdlphysiological responding. The self-
reports each involved six graded questions witkpaibt scale calibrated to allow for very
high fear scores. To measure self-reported cagrstiquestions began with, “If you knew
there was a room nearby with a [the CS] in a latgeed glass box, would you feel scared?”,
followed by questions about whether the childremulddeel scared if they stayed in the room
with the CS in a box, if they touched the glasthefbox, if they put their hand in the box but
did not touch the CS, if they put their hand in llex and touched the CS, and finally if they
lifted the CS out of the box. Participants respamhdn the same 5-point scale used in the
FBQ with higher scores indicating greater fear ¢iogms. To measure self-reported behavior,
the questions followed the same scenario but adnldvere asked if they would approach in
each situation and then responses were reversedssoithat higher scores indicated greater
behavioral avoidance. Finally, to measure selbregal physiological responses, children
were asked whether their heart would beat fasteaah scenario, with higher scores
indicating greater self-reported physiological esges. Internal consistencies (Cronbach's
alpha) for each subscale were all high for eacimahat each time point (all between .75 and

95).

Procedure. The procedure was computerized in a program writtéfrPrime 2.0 by
the second author, and presented on a Dell LatE6&0 laptop with a 15.5” screen.

Children were randomly allocated to one of two grumarsupials or snakes, and first
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completed the FBQ, the questionnaires measurifigearted cognitions, self-reported
behavior and self-reported physiological responsed finally the NRT (pre learning). The
NRT board used in this experiment was slightly lem@5 cm x 68 cm) than that used in
Experiments 1 and 2. This was followed by the vaa#s learning whereby children received
10 fear-paired trials, 10 happy-paired trials a@dihipaired trials (30 trials in total). Children
then repeated the FBQ, three questionnaire sulssaatethe NRT (post-learning). They
were then subdivided into one of two conditionsir@erconditioning or extinction. Children
in the counterconditioning group were shown theviongsly fear-paired marsupial or snake
CS images but this time with happy faces. Childretie extinction group were shown the
previously fear-paired marsupial or snake CS imaggén alone, without any accompanying
face US. Unlike Experiment 2, extinction trialsrev@ot presented for other pairing types
(happy-paired and unpaired) in order for the indation to be more closely matched to the
counterconditioning trials. They then completeel BBQ, the self-reported cognitions, self-
reported behavior and self-reported physiologieaponses questionnaires, and then the NRT
again for a final time (post-fear reduction). @ndn were then fully debriefed with games,
puzzles and correct information about the snakesassupials, depending on the group they

were in.

Results

Fear beliefs.

Vicarious acquisition. Mean fear belief scores for the fear-paired, hapayed and
unpaired stimuli over time are displayed in Figusagmarsupial CS) and 5b (snake CS).
FBQ scores were analyzed in a three-way 2(timelgaming, post-learning) x 3(pairing
type: fear, happy, unpaired) x 2(CS type: marsspial snakes) mixed ANOVA with

repeated measures on the first two variables. nidia effects of timek-(1, 82) = 22.51p <
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.001,1%p = 0.22 (95% Cls [0.08, 0.36]) and pairing typ€2, 164) = 6.59p = .002,n°p =

.07 (95% Cls [0.12, 0.15]) were significant as vealthe more theoretically interesting time
x pairing type interactiorf;(2, 164) = 31.69p < .001,1°p = .27 (95% Cls [0.16, 0.38]),
which indicated that vicarious learning led to ojesin fear beliefs for CSs depending on
the type of faces they were seen with. Plannedpanisons indicated a significant increase
in fear beliefs for fear-paired C341, 82) = 55.73p < .001,n2p =.41 (95% Cls [0.24,
0.53]), but not happy-paired CS1, 82) = 1.15p = .29,1°p = .01 (95% Cls [0, 0.10]),
compared to unpaired CSs. Fear relevance of thgnagupial or snake) had no effect on
the magnitude of vicarious learning. This was¢ated by a nonsignificant time x pairing
type x CS type interactioir<1l. The was no significant association betweenchg@éildren
and increases in fear belief. However, increasésar beliefs were significantly greater for
girls (M = 0.92,SD = 0.50) than boysM = 0.49,SD= 0.85)t(74.98) = 2.86p = .006,d =

0.62.

Fear reduction (all children). A four-way 2(time: post-learning, post-fear redani
x 3(pairing type: fear, happy, unpaired) x 2(CSetyparsupials vs. snakes) x 2(fear
reduction type: counterconditioning vs. extinctiomxed ANOVA was performed on fear
belief scores to explore the effect of the feaundidn interventions on reducing vicariously
acquired fear beliefs. There were significant medfects of timefF(1, 80) = 9.62p = .003,
n’p = .11 (95% Cls [0.01, 0.24]) and pairing typ€2, 160) = 15.53p < .001,n%p = .16
(95% Cls [0.07, 0.26]). The four-way time x pairir@S type x fear reduction interaction
was nonsignifican(F<1) indicating no differences in the effectivenegthe fear reduction
interventions dependent on CS type. However, thvere significant time x pairing x CS
type, F(2, 160) = 4.21p = .02,1%p = .05 (95% Cls [0, 0.12]) and time x pairing arfe
reduction interactiond;(2, 160) = 7.27p = .001,n%p = .08 (95% Cls [0.02, 0.17]).

Therefore, separate 2(time: post-learning, post+ieduction) x 3(pairing type: fear, happy,
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unpaired) ANOVAs were carried out on fear beligfres for snakes and marsupials
separately (CS type), and extinction and counteditmning interventions separately (fear

reduction type).

CS typeCritical time x pairing type interactions were sigrant in the analyses for
both marsupials=(2, 82) = 3.24p = .04,1%p =.07 (95% Cls [0, 0.25]) and snakE§2, 82) =
13.34,p < .001,1°p =.25 (95% Cls [0.09, 0.38]). Planned comparisndicated a significant
decrease in fear beliefs for fear-pairg(l, 41) = 5.21p = .028,1W°p =.11 (95% Cls [0,

0.30]), and happy-paired marsupiaf&1, 41) = 6.21p = .020,n°p =.13 (95% Cls [0, 0.32])
compared to unpaired marsupials. However, effiectsarsupials would be borderline
significant at best if corrections were made fanaacting multiple tests. Comparisons also
showed that there was a significant decrease irbiggefs for fear-paired snakes compared

to control snakeds(1, 41) = 19.50p < .0011°p =.32 (95% Cls [0.10, 0.50]), but no
significant changeR < 1) for happy-paired snakes. Thus, fear reducatias successful for
negatively paired CSs irrespective of CS type. Elav, this effect was borderline at best in
the case of marsupials and fear reduction effeessivere much larger for snakes, suggesting
that fear beliefs were reversed more easily fos¢hanimals. This result is illustrated by
Figure 5a, which shows that fear beliefs for feairgxd marsupials remained high after

extinction.

Fear reduction typeThe time x pairing type interaction, which is innfamt for
testing for increases and decreases in fear b&ligssignificant following counter-
conditioning,F(2, 82) = 16.39p < .0011p =.29 (95% Cls [0.12, 0.42]) but not extinction,
F(2,82) =2.45p < .093,n2p =.06 (95% Cls [0, 0.16]). The interaction fouater-
conditioning was followed by further planned comsgans indicating that counter-

conditioning significantly reduced fear beliefs fear-paired CSs compared to control CSs,
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F(1, 41) = 26.77p < .001,n%p =.40 (95% Cls [0.16, 0.56]); however, there wasimilar
difference in fear beliefs for happy-paired CSs pared to the controH< 1). Therefore,

the results indicated that, regardless of CS typby, counter-conditioning and not extinction
was successful in reducing vicariously acquired bediefs. Again, this latter result is
illustrated in Figure 5a, which shows (nonsignififancreases in fear beliefs from post-

learning to extinction.

Fear reduction (children showing acquisition only). An identical fear reduction
analysis was conducted for only those children ¢mgials:n = 34; snakesa = 36) that had
shown fear belief acquisition post-vicarious leagi This time the four-way time x pairing
type x CS type x fear reduction interaction wasi§icant, F(2, 132) = 4.02p = .02,n°p
=.06 (95% Cls [0, 0.14]) and was followed up widparate 2(time: post-learning, post-fear
reduction) x 3(pairing type: fear, happy, unpaineiyed ANOVAs for the four CS type/fear
reduction groups: marsupial-counterconditioningrsuopial-extinction; snake-

counterconditioning; and snake-extinction.

Only the time x pairing type interaction is of tihetical interest here. For the
marsupial-counterconditioning group, this was digait, F(2, 34) = 5.10p = .012n%p =
.23 (95% Cls [0.01, 0.42]) with planned comparisshewing that counterconditioning
significantly reduced fear beliefs for previoushaf-paired marsupials (post-learniiy=
2.32,SD= 0.80; post-fear reductioM = 1.49,SD= 0.86) compared to controls (post-
learning:M = 1.79,SD = 0.85; post-fear reductioM = 1.58,SD= 0.89),F(1, 17) = 10.00p
=.006,1°p = .37 (95% Cls [0.04, 0.60]). The critical intetian was also significant for the
marsupial-extinction groups(2, 30) = 7.16p = .003,7°p = .32 (95% Cls [0.05, 0.51]) and
there was also a significant reduction in feardielfor fear-paired marsupials (post-learning:

M =2.91,SD= 0.63; post-fear reductioM = 2.70,SD= 0.81) compared to controls (post-
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learning:M = 1.47,SD = 0.85; post-fear reductioM = 2.15,SD= 0.83),F(2, 34) = 20.98p
<.0011°p = .58 (95% Cls [0.29, 0.68]). Identical resw¥sre found for thenake-
counterconditioning group(2, 36) = 25.74p < .001,1%p = .59 (95% Cls [0.34, 0.70]), with
follow-ups again showing a reduction in fear balitfr previously fear-paired snakes (post-
learning:M = 2.59,SD = 0.83; post-fear reductioM = 1.54,SD= 0.60) compared to control
shakes (post-learninyi = 1.91,SD = 0.93; post-fear reductioM = 1.95,SD= 0.92),F(1,

18) =51.99p< .001,n2p =.74 (95% Cls [0.46, 0.84]). However, the calignteraction was
nonsignificant for thesnake-extinction groug-(< 1), suggesting that extinction was not
successful for these children. There was no saamif difference in fear beliefs for fear
paired snakes after extinction (post acquisitMns 2.93,SD = 0.71; post-fear reductiom

= 2.73,SD= 0.85) compared to the unpaired snakes (posisittqn: M = 2.42,SD= 0.82;

post-fear reductiorvl = 2.44,SD= 0.98).

Self-reported fear cognitions.

Vicarious acquisition. A three-way 2(time: pre-learning, post-learning}(pairing
type: fear, happy, unpaired) x 2(CS type: marsspial snakes) mixed ANOVA was
performed on self-reported fear cognitions. Onfe@sk including time and pairing type are
of interest for testing learning predictions. Timee x pairing type interaction itself was
significant, F(2, 164) = 6.90p = .001,1°p =.08 (95% Cls [0.01, 0.16]) with planned
comparisons indicating that self-reported cogngior fear-paired stimuli significantly
increased from baselin®(= 1.72,SD =0.93) to post-vicarious learninyl(= 2.08,SD=
0.94) compared to unpaired stimuli (pre-learnikg= 1.95,SD =1.05; post-learningl =
1.88.SD =1.04),F(1, 82) = 12.13p < .001,1%p =.13 (95% Cls [0.02, 0.27]). There was no
similar significant change for stimuli seen withppa faces compared to unpaired stimgli (
<1). The time x pairing type x CS type interactwas nonsignificant < 1). Thus findings

showed that vicarious learning increased fear ¢ugrs similarly for both types of stimuli.
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Further analysis indicated that there was no damt relationship between increases in self-
reported fear cognitions and age or gender.

Fear reduction. A four-way 2(time: post-learning, post-fear redandi x 3(pairing
type: fear, happy, unpaired) x 2(CS type: marsspial snakes) x 2(fear reduction type:
counterconditioning vs extinction) mixed ANOVA densbrated a significant main effect of
pairing,F(2, 160) = 3.78p = .03,n1%p =.05 (95% ClIs [0, 0.11]); however, all effects
including a time X pairing type interaction werensmnificant, indicating that fear cognitions
were not reduced following the fear reduction ph&seadditional identical analysis looked
at fear reduction in only children showing acquisitof self-reported cognitions post-
vicarious learning (marsupials:= 25; snakes = 27), but all interactions including time and

pairing type were nonsignificant, again indicatimgreduction in fear cognitions.
Self-reported behavioral avoidance.

Vicarious acquisition. An identical set of analyses was also performededi
reported behavior ratings, indicating a significemme x pairing type x CS type interaction,
F(2, 164) = 3.78p = .025,1%p =.04 (95% Cls [0, 0.11]). In order to follow-tis
interaction, separate 2(time: post-learning, peat-feduction) x 3(pairing type: fear, happy,
unpaired) ANOVAs were conducted on behavioral gtifor snakes and marsupials
separately (CS type). The time x pairing type extdon was nonsignificanfE(< 1) for
marsupials, but significant for snak&%$2, 82) = 8.97p < .001,n°p =.18 (95% Cls [0.04,
0.31]). Reported avoidance did not significanthaege for fear-paired marsupials (pre-
learning:M = 1.62,SD= 0.82; post-learningvl = 1.69,SD = 0.85) compared to unpaired
marsupials (pre-learning = 1.64,SD = 0.88; post-learningl = 1.77,SD=0.99). In
contrast, planned follow-up tests for snakes reagtalsignificant increase in avoidance for

the fear-paired snake (pre-learniiy= 1.88,SD = 1.01; post-learningvl = 2.36,SD = 0.95)
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compared to the unpaired snake (pre-learrihg: 2.18,SD= 1.07; post-learningvl = 2.04,
SD=1.10),F(1, 41) = 22.01p < .001,7%p =.35 (95% Cls [0.12, 0.52]), but no significant
change for snakes seen with happy faces (pre-tegadi= 2.11,SD = 1.04; post-learningv
=2.19,SD= 1.08) compared to control snakegl, 41) = 1.95p = .17,1°p =.05 (95% Cls
[0, 0.21]). Additional analyses found no signifit@ssociation between increases in self-
reported behavioural avoidance and age or gender

Fear reduction. All effects including the time x pairing type iné&tion were
nonsignificant, suggesting that there was no reducdh self-reported avoidance (gl .18
except for time x pairing type x fear reductiondypteractionp = .084). However, given
that not all children showed acquisition of selfoged behavioral avoidance post-vicarious
learning, it was important to investigate only thdisat did in a separate analysis. An
identical analysis was conducted with these childrnearsupialsn = 23; snakesa = 31) and
the time x pairing type x fear reduction type iatgion was the only significant interaction
effect, F(2, 100) = 3.31p = .04,n%p =.06 (95% Cls [0, 0.186]). It was followed-up withio
separate time x pairing type ANOVAs for extinct@md counter-conditioning interventions
separately. Even when accounting for a reductiche alpha value due to conducting
several tests, thaitical time x pairing type interaction was significant tbe
counterconditioning grouf(2, 52) = 7.18p = .002,1°p = .22 (95% Cls [0.04, 0.38]), but
not for theextinction group < 1). Planned comparisons showed that countertonuhg
led to a significant decrease in self-reported dace behavior for previously fear-paired
stimuli (post-learningM = 2.02,SD = 0.96; post-fear reductioM = 2.13,SD= 1.00)
compared to control stimuli (post-learnig:= 1.90,SD= 1.05; post-fear reductioM =
1.90,SD= 1.06),F(1, 26) = 11.63p = .002,1%p = .31 (95% Cls [0.05, 0.52])Therefore, the

results suggested that counterconditioning le@#o feduction but CS-alone extinction had
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no effect. This effect was the same for all stinthere was no difference between children
in the marsupial and snake groups.

Sdf-reported physiological responses.

Vicarious acquisition. A significant time x pairing interactiof(2, 164) = 42.56p <
.001,1%p =.34 (95% Cls [0.22, 0.44]) was followed by pladrcomparisons showing a
significant increase in self-reported physiologiesdponses for fear-paired CSs (pre-learning:
M = 1.78,SD= 0.94; post-learningl = 2.63,SD = 0.89) compared to unpaired CSs (pre-
learning:M = 1.87,SD = 0.98; post-learningvl = 1.80,SD= 0.98),F(1, 82) = 73.15p <
.001,1°p =.47 (95% Cls [0.31, 0.59]). There were no edeivasignificant changes for
stimuli seen with happy faces (pre-learnifg= 1.87,SD= 0.96; post-learningl = 1.90,
SD= 1.00) compared to unpaired stimii€ 1). In addition, the time x pairing x CS type
interaction was nonsignificanf (< 1), so acquisition was no different for marsupehd
snakes. Additional analyses indicated there wasgrificant relationship between increases
in self-reported physiological responses and aggender.

Fear reduction. There were significant time x pairing typ€2, 160) = 11.64p <
.001,1°p =.13 (95% Cls [0.04, 0.22]) and time x pairingeyx fear reduction type
interactionsF(42, 160) = 4.74 = .010,n%p =.06 (95% Cls [0.32, 0.50]), showing that fear
reduction was successful and different for coumteddioning and extinction groups. In
order to understand this effect better, 2(timet{esrning, post-fear reduction) x 3(pairing
type: fear, happy, unpaired) ANOVAs investigateld-seported physiological ratings in the
counterconditioning and extinction groups sepayatalthe counterconditioning group, the
time x pairing type interaction was significaR(2, 82) = 19.53p < .001,1°p =.32 (95% Cls
[0.16, 0.45]) with planned comparisons indicatingjgnificant decrease in self-reported
physiological responses for fear-paired (post-leaiM = 2.35,SD =0.98; post-fear

reduction:M = 1.65,SD =0.99)compared to unpaired stimuli (post-learniMy= 1.72,SD
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= 1.03; post-fear reductioM = 1.73,SD =1.12),F(1, 41) = 21.47p < .001,n%p =.40 (95%
Cls [0.12, 0.52]). For the extinction group, thrad x pairing type interaction was
nonsignificant F < 1). Therefore, counterconditioning of self-repdrphysiological
responses was successful, but extinction was not.

The analysis was run again with only those childrearsupialsn = 35; snakes =
37) that had shown increases in physiological gatiafter vicarious fear learning. Only the
time x pairing typeF(2, 136) = 17.82p < .001,1°%p =.21 (95% Cls [0.09, 0.31]) and time x
pairing type x fear reduction type(2, 136) = 4.63p = .01,n°p =.06 (95% Cls [0, 0.15]),
interactions were significant. Follow-up ANOVAsguind that the time x pairing type
interaction was significant for the counterconditity groupF(2, 72) = 24.30p < .001,1%p
=.40 (95% Cls [0.22, 0.53]) even accounting for tiplé tests, but not for the extinction
group,F(2, 68) = 1.87p = .1621°p =.05 (95% Cls [0, 0.16]). Planned comparisonsvgb
that counterconditioning led to a significant retilure in self-reported physiological
responses for fear-paired stimuli (post-learnMg= 2.45,SD =0.94; post-fear reductioi
= 1.66,SD =0.98)compared to unpaired stimuli (post-learniM= 1.73,SD =1.02; post-
fear reductionM = 1.73,SD =1.10),F(1, 36) = 29.21p < .001,1°p =.45 (95% Cls [0,
0.16]). Thus, as for behavioral avoidance, couwnigiitioning was successful but extinction

was not.
Avoidance preferences (NRT).

Vicarious acquisition. Mean distances to fear-paired, happy-paired anditaggh
stimuli on the nature reserve task are displaydedares 6a (marsupial) and 6b (snakes). As
for other measures, three-way mixed ANOVA was penfed on NRT scores. The
Greenhouse-Geisser adjusted time x pairing tygeaotion,F(1.77, 144.82) = 27.53,<
.001,1°p = .25, (95% Cls [0.13, 0.36]) and time x pairigge x CS type interactioff(1.77,

144.83) = 11.57p < .001,n%p = .12, (95% Cls [0.04, 0.24]) were significaffo follow up
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the significant three-way interaction, separatestkmpairing type analyses were conducted on
the CS type separately. For marsupials, the impbtii@e x pairing type interactiok(2, 82)
=42.84p< .001n’p = .51 (95% Cls [0.35, 0.61]), was significanton@parisons revealed

that avoidance preferences for fear-paired margimereased from baseline to post-
vicarious fear learning compared to unpaired maassyf-(1, 41) = 56.86p < .001,n%p =

.58 (95% Cls [0.36, 0.70]); however, there wasigaificant change in avoidance
preferences for happy-paired marsupials comparedpaired marsupial§,(1, 41) = 1.78p
=.19,1%p = .04 (95% Cls [0, 0.20]). For snakes, the @luiine x pairing type interaction

was not significant=(2, 82) = 2.37p = .10,1°p = .06 (95% Cls [0, 0.186]), indicating no
increase in avoidance preferences overall. Fughalysis found no significant association

between avoidance preferences increases and agaader.

Fear reduction. Given that there were no overall increases in aéd preferences
for snakes, the analysis was conducted only omli@nlthat had shown acquisition of
avoidance preference due to vicarious learninggomals:n = 32; snakesa = 17). A
significant time x pairing type interaction was folyF(2, 90) = 9.30p < .001,1%p = .17
(95% Cls [0.04, 0.30]) with all other interactiomsnsignificant. Planned comparisons
indicated a significant decrease in avoidance peafees for the fear-paired animal compared
to the unpaired anim&(1, 45) = 15.53p < .001,1°p = .26 (95% Cls [0.06, 0.44]) but no
significant change in avoidance preferences fohtppy-paired animal compared to the
unpaired animak(1, 45) = 1.11p = .30,n%p = .02 (95% Cls [0, 0.16]). The interaction with
CS-type was non-significarfe(2, 90) = 1.97p = .15,1°p = .04 (95% Cls [0, 0.13], as was
the interaction involving fear reduction type, sagting that avoidance reduction was no
different for marsupials and snakes. Given thellsaffect size, this is unlikely to be a power

issue due to the reduced sample size.
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Discussion

Selective associations for fear-relevant stimwdi gpically evidenced in the
laboratory by speedier, greater, and more robashézl fear responses. Three experiments
examined the speed, magnitude, and robustnessarfadiis fear learning in children for
novel stimuli with differing levels of fear releve@. In Experiment 1, the number of CS-US
trials was manipulated (1, 10, or 30 trials) inrjps of marsupials and flowers (CSs) with
emotional faces (USs) to determine whether acduiswould be more rapid (i.e., in fewer
trials) for stimuli of greater fear relevance (mstcase marsupials). Follow-up measures
were conducted at 1 week to determine whetherldéaaning was more robust for one type of
CS, or set of trials, than another. Experimemt2stigated robustness of learning for the
two types of stimuli after three extinction tri@ger a period of 3 weeks. Experiment 3 again
explored the magnitude and robustness of learmimxtinction and counterconditioning
procedures for the marsupials, this time compavexhékes, an established fear-relevant

stimulus set.

Results showed that: (a) there was no differentledrspeed of fear-related learning for
marsupials and flowers in terms of number of trialachieve learning (Experiment 1); (b)
learning can occur for marsupials and flowers dparsingle trial (Experiment 1); (c) the
magnitude of vicariously acquired fear responses weh generally found to be greater for
snakes than marsupials, nor was it generally gréatenarsupials than for flowers
(Experiments 1, 2 and 3); and (d) there was ktlielence of either vicariously learned fear of
snakes being more robust then vicariously leareaaddf marsupials, or learned fear of

marsupials being more robust than vicariously ledrfear of flowers (Experiments 1, 2 and 3).

Overall, the findings supported previous reseanciwing that vicarious fear learning

leads to increases in children’s fear beliefs armidance preferences (e.g., Askew & Field,
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2007; Askew et al., 2008; 2014; Dunne & Askew, 20A(BL6; Reynolds et al., 2014). No
difference in the magnitude of 15- to 20-month-sidcariously learned fear and avoidance for
fear-relevant stimuli (snakes and spiders) compiréeiar-irrelevant stimuli (flowers and
mushrooms) was found by Dubi et al. (2008). Sirtyilakskew et al. (2013) found that
vicariously acquired increases in 6 to 10-yearsofdar beliefs and avoidance preferences were
similar for a range of fear-relevant and fear-event stimuli including flowers, snakes,
caterpillars and the marsupials used here. Thedmds were confirmed in the current study:
Although marsupials were assumed here to have higherelevance than flowers in
Experiments 1 and 2, no enhanced learning was\adasar terms of magnitude of vicariously
learned fear-related responses for marsupialsewige, the magnitude of vicariously learned
fear responses was generally no greater for srfakesditional fear-relevant stimulus) than for
marsupials in Experiment 3. This was the caséefarbeliefs, self-reported fear cognitions,
and self-reported physiological responses. Theb@avior-related measures produced more
contradictory evidence. Learning of self-repotbetiavioral avoidance was observed for
snakes but not marsupials; however, the reversdouasd for avoidance preferences in the
nature reserve task: learning was observed forupgis but not snakes. The explanation for
these findings is not clear. It is possible thatida&nce preferences tap into a more behavioral
dimension of the fear avoidance response, wheetfageported behavioral avoidance taps into
pre-behavior cognitions. However, this does nglar the current findings unless, for
example, behavioral fear of marsupials is lessaouns than for snakes, which does not appear
likely. Especially given that Figure 6b suggebts bnly the snake extinction group, not the

snake counterconditioning group, shows lack of@ate preference learning.

Two new findings were that higher fear relevancesdaot necessarily produce faster
or more robust fear learning in children: vicarigusarned increases in fear beliefs and

avoidance preferences were acquired in the saméeohtrials for marsupials and flowers
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in Experiment 1; varying the number of trials betwe., 10, and 30 did not make a
difference to fear-learning for either stimuluseypThese results demonstrate that vicarious
learning of fear beliefs and avoidance prefereweg@soccur for both marsupials and flowers
in just one CS-US trial in 6- to 10-year-olds, @axghosure to more trials does not appear to
increase the magnitude of learning compared totwaldearning. To the authors’
knowledge, this is the first time this single vicass leaning trial effect has been
demonstrated in children of this age. Howevanakes sense from a survival perspective
that young children would be hardwired to learnahtstimuli are threatening by observing

adults during a single learning event.

Robustness of learned fear beliefs and avoidareferences over a 1 week period was
also identical for both types of stimuli in Expeent 1, regardless of fear relevance, and was
not affected by number of learning trials childred seen. Likewise, children’s learned fear
beliefs and avoidance preferences for both CSsethawmilar resistance to extinction in
Experiment 2. Avoidance preferences were resisbegtinction for 1 week for both CS
types. When only responses of children that hadshacquisition were analyzed, learned
avoidance was robust for the full 3 weeks and lbetiefs for 2 weeks for both animals and
flowers. Similarly, Experiment 3 demonstrated tleair beliefs and self-reported cognitions,
behavior, and physiological responses were simitadistant to extinction for marsupials and
snakes. This was also the case when only respofiskidren that had shown acquisition
were analyzed, except for fear beliefs which diovssome evidence of extinction for
marsupials, but not snakes, here. In part, thdtsesupport previous research (Dunne &
Askew, 2013, 2016; Reynolds et al., in press) destnating vicarious counterconditioning as
an effective means of reducing vicariously acqufeza beliefs, avoidance preferences and
self-reported physiological and behavioral respsiisemarsupials and snakes. However, these

results were not supported by one of the measwittsself-reported fear cognitions showing
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robustness to counterconditioning. What was vigravas that there was no measure for
which vicariously learned fear responses for snalexe more robust than for marsupials
during counterconditioning, there was never anfeBhce in robustness for the two sets of

stimuli.

These findings appear to be inconsistent with pespreess theory and evidence from
direct fear conditioning experiments with adultg)(eOhman & Mineka, 2001; but see also
McNally, 1987, 2016), and vicarious learning stgdigth monkeys (Cook & Mineka, 1989,
1990) and adults (Hygge & Ohman, 1978), which rdemonstrated superior learning for
fear-relevant stimuli. Both direct conditioningi{an et al., 1976; Ohman & Dimberg,
1978) and vicarious learning (Hygge & Ohman, 1%t8)lies with adults, for example, have
found significantly greater resistance to extinetior fear-relevant stimuli compared with
fear-irrelevant stimuli. This was only found orfoe one measure here: Fear beliefs in
Experiment 3 were extinguished for marsupials lmitsmakes when only children showing
acquisition were analyzed, offering some supparpfeparedness. But this would seem to be
outweighed by evidence from other measures. Ofsepuonsignificant differences between
groups such as those reported often need to brprieted with caution because they could
merely be the result of lack of power. Howevevegithat sample sizes were good (140, 66
and 84 children in the three experiments respdgjivevalues were high, and effect sizes for
key interactions with CS type were close to zena, therefore trivial, there is no evidence to

support a power explanation for the lack of diffexes between stimuli.

Explanations for the findings may be related totyipes of stimuli used, or the way
they are presented. In regard to presentatioaxplanation for why snakes did not show
superior vicarious learning in Experiment 3 couddtiat still pictures of snakes may not be as

fear relevant as film of snakes. Evidence for tlisies from a study by DelLoache and LoBue
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(2009) showing selectivity to associate movingrmttstill images of snakes with fear. Thus
movement may be important to snake fear relevandéuaure research in this area should use
films of snakes and marsupials to test this thedtmyExperiments 1 and 2 stimulus type may
have been more critical to findings. Ohman and Man@001; Mineka & Ohman, 2002) have
argued for a two levels of learning model of hurfear conditioning in which factors such as
CS characteristics, US intensity, and controllapihf the US influence whether ‘cognitive’
(mediated by the hippocampus) or ‘emotional’ (mtestidby the amygdala) fear learning
occur. Fear-irrelevant CSs only produce the cogntiype of learning, but phylogenetic
fear-relevant stimuli produce both types of leagnéimultaneously and activate an
evolutionarily shaped behavioral system they ¢l ‘fear module’, which has a specific set
of characteristics including those seen in seleatissociations. If we accept this theory, one
possibility is that marsupial CSs used here wetdear-relevant enough to trigger the fear
module and produce selective associations. Thkeisas® essentially assumes that fear
relevance is a discrete categorisation, rather éimaaittribute on a continuous scale as
assumed in Experiments 1 and 2. However, the tbgedetermination of fear relevance is
problematic because of the circular nature of afindion, which relies on the
demonstration of superior conditioning in the ladiory. It is impossible to experimentally
demonstrate in the laboratory that a novel stimigddsar-relevant but does not show
selective associations because a stimulus is assumniee fear-relevant when selective
associations are observed. If superior learnimpiobserved for a stimulus, it would likely
be classified as fear-irrelevant. Ohman and Mirsekeodel also predicts that fear-irrelevant
CSs lead to a cognitive but not emotional styleeafning. However, there is also evidence
that vicarious learning can lead to increases nbytio children’s fear beliefs but also
avoidance preferences, behavioural avoidance, haartand attentional bias for the

marsupials used here (Askew & Field, 2007; Askdval.e 2008, 2014; Dunne & Askew,
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2013; Reynolds et al., 2014). Thus learning festhstimuli has been demonstrated in all
three of Lang’s (1968) fear-response systems andtimerely at the cognitive level,

suggesting some degree of fear relevance via #fisition.

Stimuli are typically labelled as fear-relevanaitlisproportionately high number of
individuals fear them compared to other stimulheTanimals used in Experiments 1 and 2
are relatively uncommon compared to for examplé&esand spiders, and the lack of any
information about their fear relevance might beuadyto limit interpretation of these
findings. Traditional fear-relevant stimuli suchsnakes and spiders may already likely be
very familiar to children in this age group (thougbt to Dubi et al.’s, 2008, toddlers, who
also found no difference in learning for snakes giders) and a central aim of Experiments
1 and 2 was to use uncommon CSs for which U.Kdo#il would not have a learning history
or existing set of threat-related beliefs. Whehkeé\g et al. (2013) did compare learning for
flowers and marsupials with learning for snakey tloeind no difference in the magnitude of
learned fear responses. Extending this, when sna&ee used here in Experiment 3 there
was no evidence of superior learning and verelgtlidence of superior resistance to fear

reduction compared to marsupials.

There was little difference then between marsug@atsflowers in terms of
magnitude, speed and robustness of learning a@s@ad marsupials in terms of
magnitude and robustness of learning. But thisndidappear to be because all stimuli
essentially acted like fear-irrelevant stimuli: br@iag for both flowers and marsupials
occurred in one-trial, and was robust to extinctiwhich is more akin to what we would
expect for fear-relevant stimuli. Askew et al. 13D have suggested that stimulus fear
relevance might be bypassed during vicarious legrim young children. The current

findings appear to support this in that CS feagvahce appeared unimportant for the
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vicarious formation of CS-US associations. Ondamxattion for this could be that childhood
is a time when a lot of new information is learited for our ancestors was likely to also
have been a period of particular vulnerability twieonmental threats. In terms of survival it
may have been advantageous for young childrerpidlydearn robust threat beliefs and
avoidance from more experienced adults for all $ygestimuli. That is, during childhood,
when individuals are at their most vulnerables ibetter to be safe than sorry. More
selectivity in learning may develop later when induals have more experience of stimuli in
their environment and can distinguish between dffelevels of danger. In this scenario,
typical laboratory demonstrations of selective aggmns in adults might be due either to
biological preparedness or participants’ previoxsegience of a stimulus and their beliefs
about its association with threat. Davey (1992519997) has suggested, for example, that
selective associations can be explained by expaeabout the negative outcome (US) of a
learning event involving a particular CS. Childierthe current study would be unlikely to
have existing beliefs about the likely associabbthe unfamiliar stimuli with threat, so
expectancies and therefore learning would have bieaifar for both stimuli. However, the
increased resistance to extinction exhibited byfltheers here might be explained by
children’s previous learning history. If they hdearned, for example, that plants can

sometimes be poisonous or cause pain this mighttaiarning for novel plants.

There were some differences in results obtaineéxtnction and
counterconditioning in Experiment 3, with counterditioning showing evidence of more
success than extinction on some measures. Thmassimilar findings by Reynolds et al.,
in press). When Dunne and Askew (2013, 2016) asddentical vicarious
counterconditioning procedure, children’s feardedresponses returned to baseline levels.
Inhibitory learning processes are argued to undeggiinction in which the original CS-US

association competes with a CS-d8’ association (see e.g., Bouton, 1993, 2002usTh
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rather than erasing the existing CS-US associftion memory, extinction involves the
learning of new, CS-‘ntJS’, associations, which compete with previousrhed CS-US
associations. If counterconditioning is positiv® ldarning and extinction is ‘no US’ learning
it is not unreasonable to predict that the formay ime a more potent means for reducing fear-
related responses. One notable difference bettnreetivo procedures here is that extinction
was not a vicarious procedure in that it did nebige a model’s response (US). Fear
reduction may be more successful when the leaaniigunlearning’ pathways match (Ost,
1985), so vicarious counterconditioning may betéeb&vay to reduce vicariously acquired
fears than a direct fear reduction method. Somtiesot support for this comes from a study by
Kelly, Barker, Field, Wilson, and Reynolds (2009)anfound positive information superior to
positive modelling for reducing informationally aceed fear responses. However, recent
evidence suggests that vicarious counterconditgpaimd positive verbal information are both
effective ways to reverse vicariously learned feaponses (Reynold, Dunne, Wasely, &
Askew, 2016). An alternative explanation for theld of extinction in Experiment 3 is simply
that not enough trials were used; this is suppditeBxperiment 2 in which extinction was

more successful when a higher number of extindtials were used over several weeks.

Experiment 3 demonstrated that vicarious learnidgndt significantly increase
avoidance preferences for snakes, despite evidd@ngeariously acquired fear of snakes as
measured by fear beliefs and all other self-repmasures. One difference between the
measures may be that the NRT is a more direct bhatahwneasure of children’s fear of
stimuli than the FBQ, which presumably taps intddrkn’s cognitions. Measures of fear
cognitions, avoidance, and physiological changesal@lways correlate (Hodgson &
Rachman, 1974; Lang, Melamed, & Hart, 1970; Rach&atodgson, 1974; Zinbarg, 1998)
and the NRT may be a more direct and instinctivasuee of how children would actually

respond to the stimuli than the FBQ. Related i@ty be the finding that vicariously
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learned fear beliefs for snakes were more resistaan extinction manipulation than fear
beliefs for marsupials. On all other self-reportasigres and avoidance preferences

robustness to extinction and counterconditioningeaped to be the same for both stimuli.

The vicarious learning paradigm used here has dstrataed changes in children
behavioral avoidance (e.g., Askew & Field, 2007 physiological responses (heart rate;
e.g., Reynolds et al., 2014). However, one possibhstraint on the current findings is that,
apart from the NRT measure of avoidance, self-tepeasures were exclusively relied on.
Future work should extend the procedure to loathanhges in heart rate or galvanic skin
responses. It remains a possibility that diffaedriear learning and reduction not detected
here would be observed on these measures. Anotkemtial limitation of the procedure is
that the vicarious counterconditioning and extimectprocedures are unlikely to be as potent
as in clinical practice where for example graduaegosure therapy can be successful in a
single session (e.g., Ost, 1996). A further posdihtitation of the current study was that
although magnitude and robustness of vicariouslynked fear was investigated for flowers,
marsupials, and snakes, speed of learning wasexalyined for flowers and marsupials. In
theory, it remains possible that vicarious fearnesy is speedier for snakes; however, given
that learning already occurred in just one trialldoth animals and flowers here, any speedier
learning for snakes would necessarily be so smsdlh e undetectable using the current
paradigm. An alternative interpretation of thedfimgs might be that they do not result from
vicarious learning but rather from direct conditiup That is, the scared face stimuli may be
directly eliciting fear responses in children theg then associated with the CS images.
However, there is little support for this view. Whaskew and Field (2007) asked children
about their response to the fear faces use in éixperiment they reported that although the

faces appeared to be significantly scared, lookirttpem did not make them feel
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significantly scared. This suggests that faces laavedirect, rather than direct, learning

effect.

Summary

Selective associations for fear-relevant CSs aaeacherised by larger fear responses,
rapid fear learning, and more robust learned feae €.g., Ohman & Mineka, 2001). Three
experiments found no difference in vicarious leagrior three stimuli of differing fear
relevance: flowers (lower fear relevance), novetsupials (higher fear relevance) and
snakes (traditional fear-relevant). Learned feaponses for marsupials were not found to be
larger, faster, or more persistent than for flowerExperiments 1 and 2. Furthermore,
Experiment 3 indicated vicariously learned avoigapreferences and self-reported fear
cognitions and behavioral responses for snakes neegeeater or robust than for marsupials.
Only learning of self-reported behavioral avoidanes greater for snakes than marsupials but
avoidance preferences measured using the NRT shibeegbposite effect, with learning for
marsupials but not snakes. Fear beliefs for snsth@sed more resistance to extinction than for
marsupials, though no differences were found onaditlye other measures for extinction or
counterconditioning. One possibility is that feglerance is less important for children in this
age group than for adults because it is advantagaderms of survival to avoid all stimuli in
the environment indicated as threatening by mopemenced adults. More selective learning
may develop or become more important later, or bethe result of socialization and

information individuals receive over time.
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Figure 1. Mean fear beliefs (and SE) for fear-paired, hapaiygu, and unpaired (control)

marsupials and flowers CSs pre-learning, post-legrand after 1 week in Experiment 1.
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Figure 2. Graph showing mean (and SE) avoidance preferences for marsupials and flowers

in the nature reserve task post-learning and at 1 week in Experiment 1
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at 1, 2 and 3 weeks (Experiment 2).
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(control) marsupial and snake CSs, pre-learningt-fgarning, and post-fear reduction for the
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Highlights

e Children (6-10 years) can vicariously learn fear of snakes, marsupials and flowers.

e Children do not vicariously learn fear for marsupials more rapidly than for fear-irrelevant
flowers.

e Children’s vicariously learned fear is neither greater in magnitude nor more robust for
snakes compared to marsupials, or marsupials compared to flowers.

e For children in this age group, stimulus fear relevance may not influence vicarious fear
learning because of heightened vulnerability to external threats in childhood: Learning
rapidly, robustly, and unselectively from adults about all potential threats may offer the best
survival advantages.



