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Abstract

Threats elicit physiological responses, the frequency and intensity of which have implications for survival. Ethical and
practical limitations on human laboratory manipulations present barriers to studying immersive threat. Furthermore,
few investigations have examined group effects and concordance with subjective emotional experiences to threat. The
current preregistered study measured electrodermal activity in 156 adults while they participated in small groups in a
30-min haunted-house experience involving various immersive threats. Results revealed positive associations between
(a) friends and tonic arousal, (b) unexpected attacks and phasic activity (frequency and amplitude), (¢) subjective
fear and phasic frequency, and (d) dissociable sensitization effects linked to baseline orienting response. Findings
demonstrate the relevance of (a) social dynamics (friends vs. strangers) for tonic arousal and (b) subjective fear and

threat predictability for phasic arousal.
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Physiological threat responses help coordinate defensive
reactions to promote safety (Lang et al., 2000). Arousal
of the sympathetic nervous system supports “fight or
flight” reactions, and intensity of sympathetic arousal is
commonly indexed through electrodermal activity (EDA,
Dawson et al., 2017). Threat features and the surround-
ing environment may alter sympathetic responding, as
can subjective emotional experiences and sensitivity to
threat. Studying threat is challenging given ethical con-
straints on human laboratory experiments. Laboratory
threat stimuli are frequently mild (noise, shock), homo-
geneous, and discretely administered in a way that is
less dynamic than in the real world.

In this study, groups of participants went through a
30-min immersive haunted-house threat experience. The
haunted house included 17 rooms, each comprising vari-
ous threats that were temporally and thematically linked
to form a coherent narrative and uninterrupted experi-
ence. Real-time physiological-monitoring wristbands

continuously measured EDA, which incorporates slow
shifting tonic components (skin conductance level, or
SCL) and more rapid transient events (skin conductance
responses, or SCRs). EDA was examined in relation to
four factors: external factors of group composition and
threat imminence as well as intrapersonal factors of sub-
jective fear and baseline orienting response (a measure
of sensitivity to threat).

Under threat, the presence of other people can act
as a safety signal, danger signal, or both. Social conta-
gion and fear buffering have been extensively observed
in rodents (Hernandez-Lallement et al., 2022) and
humans (Oliveira & Faustino, 2017). Both phenomena
have roots in ecological models. Larger group sizes can
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reduce fear and danger through risk dilution whereby
the presence of other individuals increases threat detec-
tion, deters predators, and provides secondary preda-
tion targets (Beauchamp, 2015; Mobbs et al., 2015). The
mere presence of a friend can reduce physiological
responses to aversive events, a phenomenon referred
to as social buffering (Heinrichs et al., 2003). Alterna-
tively, friends may increase physiological arousal
through social contagion. During social contagion, the
threat responding of other people triggers a response
despite the absence of direct threat detection (Pereira
et al., 2012). Relationships matter for social contagion;
closer relationships are more effective at transferring
aversive experiences (Martin et al., 2015). Despite stud-
ies of social-threat effects, how facing threat in a group
relates to human physiological responding is largely
unknown because investigation of human social con-
tagion and buffering does not typically involve collec-
tive threat experiences (e.g., Gomes & Semin, 2020).
Uncovering more about social-group effects on human
threat physiology is important because humans fre-
quently encounter threats in groups, humans experi-
ence both social affiliation and threat from conspecifics
(Schindler & Radford, 2018), and skin conductance is
higher in response to threatening than to nonthreaten-
ing social information (Adolph et al., 2010).

Features of the threat itself also influence physiologi-
cal responding (Davies & Craske, 2015). Threat features
and being in social groups may differentially contribute
to physiology because they prepare the body for
different actions. Social others influence the general
need for vigilance, whereas threat features convey
explicit information about combatting present danger.
Among threat features, a key consideration is immi-
nence, or the spatial and temporal proximity of threat
(Fanselow & Lester, 1988). Attack probability varies
along the imminence continuum ranging from safe
states, during which attack probability is almost zero,
to circa strike (CS), during which a predator is about
to attack or is attacking. Defensive responses intensify
as imminence increases (Mobbs et al., 2007). Difficulty
in estimating attack probability because of unpredict-
ability can also increase responsivity. Unpredictability
itself is generally aversive and can lead to sustained
threat responding (Grillon et al., 2004; Kirschner et al.,
20106).

Although physiological reactivity to threat has been
largely treated as a proxy for the subjective experience
of fear (Kreibig, 2010), subjective and objective mea-
sures do not always align (Taschereau-Dumouchel
et al., 2020). Individuals report fear without corre-
sponding changes in physiology and experience physi-
ological arousal without conscious fear (Rosebrock
et al., 2016; Tooley et al., 2017). Lack of emotional

Statement of Relevance

When we encounter threats, our bodies respond
with increased heart rate, faster pulse, and sweat-
ing. These physiological responses help organ-
isms survive—they prepare us to flee or fight.
Controlled research on how these responses
unfold in different real-world and interpersonal
contexts is rare because of ethical and practical
barriers to exposing humans to immersive and
intense threats in the laboratory. To overcome
these barriers, we examined the intensity and fre-
quency of bodily responses during a multifaced
haunted-house threat experience. We found that
unexpected scares produced more frequent and
higher intensity responses than predictable scares.
We also found that the presence of friends in the
experience increased overall physiological
arousal. And people who had more frequent phys-
iological responses also reported feeling more
afraid. This unique study provides important
information about how the human body dynami-
cally responds to different features of immersive
threat experiences.

coherence is linked to vulnerability to psychopathology
and problematic emotion regulation (Dan-Glauser &
Gross, 2013; Rosebrock et al., 2016), whereas stronger
coherence is thought to reflect better emotion recogni-
tion (Kret & De Gelder, 2012). Prescriptive social norms
regarding how certain emotions should be expressed
may also play a role (Rattel et al., 2020). The current
study provided a unique opportunity to measure con-
cordance during recreational threat exposure, which
included dynamics of enjoyment together with fear
(Andersen et al., 2020).

Across species, animals respond to new stimuli with
an orienting response frequently characterized by
increased arousal (Bradley, 2009). Over time, habitua-
tion (response decrement) or sensitization (response
amplification) may occur (Cevik, 2014). Orienting
serves to ensure that new stimuli are attended to,
whereas habituation ensures that the brain and body
do not spend resources unnecessarily attending to
repeated events (Bradley, 2009; Rankin et al., 2009).
Although the utility of sensitization is less well under-
stood, it is commonly observed in pain disorders (Ursin,
2014) and can be an indicator of anxiety in humans
(Campbell et al., 2014). Typically, studies of physiologi-
cal sensitization and habituation use repeated presenta-
tion of identical stimuli. In the current study, stimuli
(threats in each room of the haunted house) were not



238

Tashjian et al.

identically repeated, allowing us to test whether base-
line orienting response is associated with sensitization
to repeated novel threats. Additionally, different indices
of EDA were tested to determine how SCR amplitude
and frequency relate to baseline orienting response
during immersive threat.

Current Study

This preregistered study used a unique, immersive experi-
ence to study human subjective and physiological response
to threat. The haunted house was set in a fictitious peni-
tentiary that involved a variety of threatening encounters.
Although participants knew they were not in actual danger,
this type of immersive threat manipulation is not replicable
in the lab. Each of the 17 contiguous rooms involved dis-
tinct threats, including the inability to escape an oncoming
car, mimicked suffocation, actual electric shocks, and being
shot with pellets by a firing squad while blindfolded.
Threat imminence was independently scored for each
room to assess how EDA varied as a function of attack
predictability. Participants attended the experience in
groups of varying size and composition, with some degree
of random assignment. This created a unique opportunity
to examine whether group composition was associated
with EDA. This study also tested effects of fear ratings and
baseline orienting response. Phasic and tonic EDA were
measured as indicators of sympathetic arousal to threat.
The design and analysis plans for the study were pre-
registered at https://osf.io/wxek6/.!

Method

Participants

Participants who first paid an entrance fee and signed
a legal waiver to participate in the haunted house were
then invited to participate in this study. Data were col-
lected over 8 days from 157 adults in 59 groups. Only
one group had only participants; every other group
contained a mix of participants and nonparticipants.
Data from one participant were excluded because of a
trigger failure during data collection (age = 24 years,
male). The resulting 156 participants were included in
the analyses (age: M = 25.79 years, SD = 5.90, range =
18-59; 85 females). One participant did not report age.
The sample size was based on collecting the maximum
available data given experimental constraints, including
a limited run season for the experience and the number
of wearable devices. All participants provided written
consent in accordance with the policies of the institu-
tional review board, and study procedures were con-
ducted in accordance with the American Psychological
Association guidelines for human research.

Haunted-bouse threat manipulation

The 17th Door haunted-house attraction is an estab-
lished haunted-house experience run by a professional
production company. The haunted house consisted of
17 rooms, each of which included distinct threats (e.g.,
electric taser, suffocation, firing squad). Many threats
were more threatening and/or pain inducing than is
ethically allowed in campus laboratory experiences in
the United States. Rooms were linked to a theme about
a dangerous prisoner in a fictitious prison. As part of
the story arc, participants were guided from room to
room in a continuous sequence by one of the haunted-
house personnel (not involved in the scares) without a
temporal or spatial break and without experimenter
interruption. Although the experience is discussed as
a collection of rooms, the experience did not involve
breaks or exits from the experience between rooms. As
in other guided attractions and tours, participants were
moved through the experience on a fixed schedule by
a haunted-house employee who was not involved in
the scares. One group of participants entered the expe-
rience at a time, and there was a delay before the next
group began, eliminating the potential for emotional
contagion between groups. The entire experience
lasted approximately 30 min. Room and threat descrip-
tions are provided in Table S1 in the Supplemental
Material available online. Personnel in the haunted
house were blind to the existence of study participants
and study hypotheses.

Electrodermal reactivity

EDA was measured continuously throughout the experi-
ence using a wrist-worn wireless sensor that records skin
conductance exosomatically (E4 system, Empatica, Bos-
ton, MA; sampling frequency: 4 Hz, resolution: 1 digit
~900 picoSiemens). Data were downsampled to 1 Hz for
processing. Using LedalLab (Version 3.4.9; Benedek &
Kaernbach, 2010), we removed artifacts using a first-
order Butterworth filter with a cutoff frequency of 0.05
Hz. Next, the skin conductance signal was decomposed
into tonic and phasic components using continuous
decomposition analysis. Phasic SCRs are short-term
responses to specific stimuli (e.g., SCR will ramp up if
you hear a loud noise). Tonic SCL is less reactive to
external stimuli and represents slow drifts in general
physiological responding. Continuous decomposition
analysis is particularly useful for data with high phasic
activity, as is the case in a continuous threat experience.
A threshold value of .05 ps was applied to SCRs (Boucsein
et al., 2012). Metrics were z transformed to facilitate
between-events and between-subjects comparison by
reducing variance due to peripheral factors unrelated to


https://osf.io/wxek6/

Physiological Responses to Immersive Threat

239

the experiment (e.g., skin properties). For each event,
we assessed average SCL, frequency of SCRs, and
summed amplitude of SCRs. All metrics are expressed
in microseconds (pus). Amplitude refers to the amplitude
across all trials for which there were valid responses
(i.e., SCRs in excess of .05 us).

A manual trigger was initiated by an experimenter
as participants entered the experience. Timing of the
experience was tightly controlled by the haunted-house
personnel, who provided a detailed timeline of events
to the experimenters, including start and stop timing
for each room and timing of scares within rooms. Part
of the experiment team also participated in a pilot run
(no participant data collected) of the study to verify
timing. The first 30 s after trigger start were cropped
from the experience time series to account for instruc-
tions and walking from the entrance to Room 1. Timing
was subsequently locked to the haunted-house sched-
ule. The time series ended at 31 min from the trigger
start (i.e., the duration of the experience). An additional
10 s were cropped between each room to account for
small possible deviations in timing. Continuous decom-
position analyses used data from the entire room with
the exception of these 10-s buffers. Data for each room
were approximately 1.5 min in duration. All analyses
except for threat-imminence models were agnostic to
differences in threats between rooms and treated the
experience as a single immersive experiment compris-
ing multiple repeated threat events.

Group composition

Participants self-reported the number of friends and
strangers in their group during the experience. The
entire group composition was beyond experimenter
control (although an effort was made to recruit both
smaller and larger friend groups). A ratio of friends to
strangers was calculated by subtracting the proportion
of strangers from the proportion of friends. Positive
values indicate more friends than strangers, and nega-
tive values indicate more strangers than friends.

Threat imminence

Imminence is typically defined to include four phases of
threat: safety, before encounter, after encounter, and CS
(Fanselow & Lester, 1988). CS threat exists when a preda-
tor is prepared to attack or has attacked. Imminence was
independently coded by two experimenters familiar with
the threat-imminence continuum, one of whom went
through the haunted-house experience. Coding was based
on room descriptions provided by the haunted house.
Coders agreed on 71% of rooms, and average scores from
the raters were used in the analyses. Results remained the

same when scores from each rater independently were
used. The haunted house was designed to include scares;
thus, the coders took into account the presence and pre-
dictability of a CS instead of including all phases of the
threat-imminence continuum. Imminence was scored on
a scale as follows: no CS =0, expected CS = 1, unexpected
CS = 2, expected and unexpected CS = 3. Higher scores
were given to compound fear experiences consisting of
both expected and surprise scares.

Subjective fear

Before the experience, participants reported expected
fear on a scale from 1 (Jlow) to 10 (high). After the
experience, participants reported experienced fear on
the same scale. To avoid artificial skew due to floor or
ceiling effects, we conducted analyses for experienced
fear controlling for expected fear.

Baseline orienting response

The baseline orienting response was operationalized by
calculating SCR frequency and amplitude during Room
1 of the haunted-house experience using continuous
decomposition analysis for the entire first room and tak-
ing the average. Only one scare event occurred in Room
1 (see Table S1). Change from this baseline orienting
response across subsequent rooms of the experience
(Rooms 2-17) was operationalized as sensitization. Sen-
sitization was quantified by extracting individual slope
coefficients from two linear growth-curve models with
room as a predictor of SCR frequency and amplitude,
respectively. Positive slopes are referred to as sensitiza-
tion, and negative slopes are referred to as habituation.
Habituation was observed in only 11% of participants
for SCR frequency and 2% for SCR amplitude. Thus,
results focus on sensitization (high positive slopes) and
blunted sensitization (positive slopes close to zero).

Amnalytic approach

Data analyses were conducted in the R programming
environment (Version 3.6.1; R Core Team, 2019) using
the Ime4 (Version 1.1-21; Bates et al., 2015) and
reghelper (Version 1.0.1; Hughes, 2020) packages.
Mixed-effects models were tested using the Imer func-
tion in /merTest (Version 3.1-3; Kuznetsova et al., 2017),
which assessed ¢ tests using Satterthwaite’s method.
Effect sizes reported as R* are conditional effects of
variance explained by the entire model (Nakagawa
et al., 2017). Model comparisons were conducted using
the anova function in /me4. Linear models were tested
using the Im function in the stats package for R (Version
4.0.3; R Core Team, 2020).
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Table 1. Fit Statistics and Comparisons for Mixed-Effects Models Assessing Electrodermal Activity

Observations Individuals
Model and DV N V) AIC BIC —2LL ICC 12 p
Random intercepts
Tonic SCL 2,496 156 16,018.0 16,0354  -8,0060 .81
SCR frequency 2,496 156 15,397.5 15,4150  -7,0695.8 .55
SCR amplitude 2,496 156 13,864.9 13,882.4 —-0,929.5 .59
Random intercepts +
time
Tonic SCL 2,496 156 144744 144977  —7,233.2 15456 < .001
SCR frequency 2,496 156 15,011.8 15,035.1 -7,501.9 387.7 <.001
SCR amplitude 2,496 156 13,457.4 13,480.7 —6,724.7 409.6 <.001

Note: DV = dependent variable; AIC = Akaike information criterion; BIC = Bayesian information criterion; LL = log likelihood; ICC =
intraclass correlation coefficient; SCL = skin conductance level; SCR = skin conductance response.

EDA; reactivity for the jth participant at the ith room
was modeled as a function of time (room order) and
factors of interest (group composition, threat immi-
nence, subjective fear). Using linear models, we mod-
eled sensitization as a function of baseline orienting
response. Because baseline orienting response was an
independent question of interest, all models excluded
baseline orienting response data from Room 1 and used
data only for Rooms 2 to 17. Model diagnostics are
provided in Figure S1 in the Supplemental Material.
Covariates were included for day of testing and group
to account for potential variability between experi-
ences, but neither effect was significant, and no results
were affected by covariate inclusion.

Results

Correlations among EDA metrics are provided in Table
S2 in the Supplemental Material. Initial fit statistics for
mixed-effects models assessing EDA are depicted in
Table 1. First, an unconditional model was run specify-
ing separate random intercepts for individuals to con-
firm that there were significant individual differences
in EDA. Intraclass correlation coefficients indicated that
it was appropriate to include random intercepts in sub-
sequent models (Koo & Li, 2016). Next, fixed effects of
time (room order) were added, and model fit signifi-
cantly improved for all models. Thus, effects of time
were included in subsequent models.

Group composition

The number of friends per group ranged from one to
eight, excluding the responding participant (M = 3.47,
SD = 1.60). The number of strangers per group ranged
from zero to seven (M = 3.23, SD = 1.85). The numbers
of friends and strangers were highly correlated because
the haunted-house management preferred similarly

sized groups of eight to 10 individuals, so that more
friends resulted in fewer strangers, 1(156) = —=.70, p <
.001. This high correlation motivated the use of the
difference ratio between friends and strangers, which
ranged from —-.75 to 1 (M = .07, SD = .49).

An increased ratio of friends to strangers was signifi-
cantly associated with higher tonic SCL in the model
controlling for effects of time (Table 2, Model A). Time
and friends:strangers ratio interacted such that tonic
SCL deviated as a function of group composition at the
end of the experience but did not significantly differ at
the beginning (Fig. 1a).

Threat imminence

Of the 16 rooms (Rooms 2-17), 12.50% were coded as
no CS, 18.75% as expected CS, 31.25% as unexpected
CS, and 37.50% as a combination of expected and unex-
pected CS. Threat imminence was not significantly asso-
ciated with time, estimate: b = —0.031, SE = 0.00, =
-0.52, p = .61, 95% confidence interval (CD) = [-0.16,
0.10]; thus, imminence was not confounded with sen-
sitization effects.

Threat imminence was linearly associated with SCR
amplitude, estimate: b = 0.15, SE = 0.00, t = 2.42, p =
016, 95% CI = [0.03, 0.28], R? = .66, o* = 10.38, 1., =
17.96. Linear effects of imminence were not associated
with SCR frequency. Imminence was quadratically asso-
ciated with both SCR frequency and amplitude (Table
2, Models B and C, Figs. 1b and 1¢), and quadratic
models were a better fit—SCR frequency: y?> =9.81, p =
.002; SCR amplitude: y? = 17.74, p < .001. Post hoc tests
comparing unexpected CS with other imminence cate-
gories revealed that unexpected CS alone evoked higher
reactivity than other imminence categories (Table 3).
See Table S3 in the Supplemental Material for compari-
son with exponential and logarithmic models, against
which the quadratic model also produced better fit.
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Table 2. Significant Results From Linear and Mixed-Effects Models Predicting Electrodermal Activity

Model Estimate SE ! b 95% CI R o’ Too

A. Friend ratio predicting 3.80 1.77 2.18 .029 [0.39, 7.33] .90 14.28 115.23
tonic SCL

B. Imminence predicting -13.96 4.46 -3.13 .002 [-22.69, —5.23] .62 19.51 28.45
SCR frequency®

C. Imminence predicting -13.65 3.24 —4.22 <.001 [-20.00, —=7.31] .66 10.30 17.96
SCR amplitude®

D. Experienced fear 0.58 0.21 2.71 .007 [0.16, 0.99] .62 19.60 27.21
predicting SCR
frequency

E. Baseline orienting —-0.01 0.004 -2.86 .005 [-0.02, —0.003] 05
response predicting
SCR frequency
sensitization

F. Baseline orienting 0.01 0.003 3.20 .002 [0.004, 0.02] .06

response predicting
SCR amplitude
sensitization

Note: Models A to D are mixed-effects models including random intercepts and controlling for the effects of time. Models E and F are
linear regression models. For each model, the estimate is unstandardized, and the ¢ is standardized. CI = confidence interval; SCL =

skin conductance level; SCR = skin conductance response.
*This model predicted quadratic effects.

Subjective fear

Expected fear, measured in the preexperience survey,
ranged from 1 to 10 (M = 7.87, SD = 2.03). One partici-
pant did not report their expected fear. Experienced fear,
measured in the postexperience survey, ranged from 2
to 10 (M = 7.16, SD = 2.17). Findings were consistent
with prior work (McLean & Anderson, 2009): Compared
with men, women reported higher subjective expected
fear (women: M = 8.45, men: M = 7.19), #(153) = 4.01,
P <.001, and higher experienced fear (women: M =7.57,
men: M = 6.68), ((154) = 2.59, p = .010 (Fig. 2). Expected
and experienced fear were significantly different,
1(154) = 3.76, p < .001; expected fear was higher than
experienced fear.

Participants also rated fear of a series of real-world
threats on a scale from 1 to 10 prior to entering the
haunted house. Anticipated haunted-house fear was
significantly higher than fear of all of the real-world
threat scenarios. Experienced fear was significantly
higher than fear of the real-world scenarios with the
exception of a near-miss car accident and a severe
animal threat (Table 4).

Greater experienced fear was associated with greater
frequency of SCR reactivity in the model controlling for
expected fear (Table 2, Model D, Fig. 1d). Gender did
not significantly moderate effects of experienced fear
on SCR frequency, estimate: b= 0.14, SE = 0.41, 1 = 0.35,
p=.73,95% CI = [-0.65, 0.94].

Baseline orienting response and
sensitization

Random slopes were extracted for SCR frequency and
amplitude as a measure of sensitization. SCR frequency
in Room 1 was significantly associated with blunted
SCR frequency sensitization (more sensitization in ear-
lier rooms; Table 2, Model E). SCR amplitude in Room
1 was significantly associated with increased SCR ampli-
tude sensitization (more sensitization in later rooms;
Table 2, Model F). Although higher baseline orienting
response is generally associated with habituation, the
amplitude of SCRs in Room 1 was associated with
greater subsequent amplitude, whereas frequency of
SCRs in Room 1, indicative of reactive sensitivity, was
associated with blunted sensitization (Figs. 1e and 1f).
Ilustrative time-course plots are provided in Figure 3.

Discussion

For humans, threat responses encompass physiological
arousal, subjective fear experiences, and defensive
behavior. Ethical restrictions provide limited allowance
for studying how sympathetic arousal functions in
immersive threat settings. This study leveraged advances
in wearable technology to measure EDA during a
haunted-house experience, which was carefully designed
to create an immersive threat experience that was not
actually dangerous (much as a horror writer or filmmaker
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Tonic SCL SCR Frequency
Model: Estimate = 0.10, SE=0.03, t=3.01, p=.003
Timing —1 SD: Estimate = 3.39, SE=1.78, t=1.907, p=.058
Timing +1 SD: Estimate = 4.32, SE=1.78, t=2.431, p=.016
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Fig. 1. Model estimates of effects of context and endogenous variables on electrodermal-activity measures. The top row shows
(a) mean tonic skin conductance level (SCL) as a function of measurement time and friends:strangers ratio and (b) mean skin con-
ductance response (SCR) frequency as a function of threat imminence. The middle row shows (¢) mean SCR amplitude as a function
of threat imminence and (d) mean SCR frequency as a function of experienced fear. The bottom row shows (e) mean SCR frequency
as a function of baseline orienting response and (f) mean SCR amplitude as a function of baseline orienting response. Values in
(e) and (f) index sensitization outcomes. Lines depict predicted values (marginal effects) for the regression model; error bands indicate

95% confidence intervals.

does). The haunted house excluded performance
demands common to the frequently used Trier Social
Stress Test, involved small social groups, included
threats of greater variety than classical conditioning
tasks, and was rated as more fear inducing than real-
world threat scenarios. These features increased the
ecological validity of the haunted-house experience to
aid understanding of how humans process threats in
dynamic contexts.

Increased tonic responding was associated with
being among more friends and fewer strangers, a social-
contagion effect. The relationship-type effect is consis-
tent with prior work demonstrating greater contagion
in both positive and negative contexts for individuals
with closer relationships (Palumbo et al., 2017). It is
possible that arousal projected by friends was more
relevant than that of strangers (Ma et al., 2011). Addi-
tionally, friends may have upregulated the excitement
of the experience. Notably, this effect was for tonic SCL,
which represents a general state of preparatory hyper-
activity to confront stress. Thus, the presence of friends
increased arousal in a nonspecific manner.

Individuals who reported greater subjective fear also
demonstrated increased phasic frequency but did not
show greater amplitude. Heightened SCR frequency can
aid learning about threats by orienting people toward
relevant stimuli (Yiend, 2010). Experienced fear may
therefore correspond with conscious attention toward
threat as opposed to overall arousal (Lau & Rosenthal,
2011). The positive association between SCR frequency

and amplitude indicates that individuals who respond
less frequently tend to exhibit smaller amplitudes when
they do respond. Subjective fear may reflect projection
bias, whereby participants undergoing increased physi-
ological arousal recalled their experiences as more fear
inducing. Projection bias is associated with maladap-
tive emotion regulation and has deleterious effects on
well-being (Chang et al., 2018). Experienced fear was
reported at the conclusion of the experience. Thus,
reported fear may reflect a peak-end bias, a cognitive
bias that heavily weights events at the end of an experi-
ence to influence how other events are remembered
(Kemp et al., 2008). Despite the protective nature of
identifying threat and mounting a physiological response,
biases that amplify subjective perceptions of fear may
contribute to psychological profiles observed in psy-
chopathology (Rozenman et al., 2017). Future work
including video coding would expand understanding
of how subjective fear relates to behavioral responses
such as vocalizations and locomotion.

Unexpected attacks elicited greater SCR frequency
and amplitude compared with expected attacks and
combined expected and unexpected attacks. Height-
ened physiological responsivity to unexpected threats
may be due to underlying processes, including hyper-
vigilance, inflated threat estimates, and deficient safety-
threat discrimination (Grupe & Nitschke, 2013).
Quadratic effects revealed weaker phasic responding
to combined expected and unexpected attacks. This
blunted responding may reflect physiological restriction

Table 3. Results From Post Hoc Mixed-Effects Models Comparing Unexpected Circa Strike (CS) With Other Threat-

Imminence Levels

Outcome and model Estimate SE ! 2 95% CI R* c? Too
SCR frequency
A. Unexpected CS vs. no CS 0.48 0.16 3.10 .002 [0.18, 0.79] .61 20.15 28.35
B. Unexpected CS vs. expected CS 0.55 0.29 1.91 .057 [-0.02, 1.12] .60 21.05 28.13
C. Unexpected CS vs. combined CS -0.59 0.21 -2.74 .006 [-1.01, —0.17] .62 19.07 26.60
SCR amplitude
D. Unexpected CS vs. no CS 0.50 0.12 4.36 <.001 [0.28, 0.73] .66 11.06 20.27
E. Unexpected CS vs. expected CS 0.56 0.02 2.80 .005 [0.17, 0.95] .67 10.14 18.48
F. Unexpected CS vs. combined CS -0.49 0.16 -3.08 .002 [-0.80, —0.18] .66 10.55 17.91

Note: Models A to C are linear mixed-effects models including random intercepts for skin conductance response (SCR) frequency (number of
SCRs) and restricting threat-imminence levels to unexpected CS and each of the other imminence levels. Models D to F are linear mixed-effects
models including random intercepts for SCR amplitude (log ps) and restricting threat-imminence levels to unexpected CS and each of the other
imminence levels. All models control for effects of time. For each model, the estimate is unstandardized, and the ¢ is standardized. Bonferroni

correction should be interpreted as p < .008. CI = confidence interval.
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Fig. 2. Scatterplot (with best-fitting regression lines) showing the relation between subjec-
tive expected and experienced fear, separately for men and women. The curved lines at
the top and right of the plot indicate the density of the data.

when fear (response to perceptible threat) and anxiety
(response to future threat) are simultaneously experi-
enced (Davies & Craske, 2015). Quadratic effects should
not be interpreted to suggest that increasing threat
imminence would result in eventual nonresponding but,
rather, that our scoring scale indicates that unexpected
attacks produced the greatest response.

The baseline orienting response had dissociable
effects on later responding with increased amplitude
sensitization and blunted frequency sensitization.
Increased sensitization to repeated threat exposure is
linked to anxiety and may be an identifiable vulnerability

factor (Campbell et al., 2014). SCR amplitude is thought
to be more sensitive to peripheral factors such as sweat-
gland density, which may account for the sensitization
observed in this study. Few studies include both mea-
sures of phasic SCR, requiring caution in interpretation
of these conflicting patterns. A prior large twin-cohort
study supports the assertion that these measures repre-
sent distinct phenotypes that are differentially linked to
psychopathology risk (Isen et al., 2012). In that study,
frequency, but not amplitude, was inversely associated
with externalizing psychopathology risk. SCR should not
be treated as a homogeneous measure, but rather, both

Table 4. Results From Paired-Samples ¢ Tests Comparing Haunted-House Expected and
Experienced Fear With Estimated Fear of Real-World Threats

Comparison with Comparison with

Fear of expected fear experienced fear
real-world
Real-world threat threat (A0 1(147) p 1(148) p
Near-miss car accident 7.32 2.55 .012 0.81 419
Severe animal threat (e.g., 6.96 3.78 <.001 0.62 .536
dog, bear, shark)
Riding a large roller coaster 3.72 16.06 <.001 12.94 <.001
Speaking before a big crowd 4.71 11.29 <.001 8.71 <.001
(e.g., wedding toast)
Severe airplane turbulence 5.09 10.27 <.001 7.54 <.001
Possible house break-in 6.50 5.17 <.001 2.25 026

(e.g., a window breaking)

Note: Mean expected fear was 7.87, and mean experienced fear was 7.16. Bonferroni-corrected p = .004

for 12 comparisons at a. = .05.
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Fig. 3. Skin conductance response (SCR) frequency (a) and amplitude (b) as a function of room number, sensitization, and baseline
orienting response. Results are shown separately for two example participants, one showing a blunted sensitization response (black) and

the other showing a sensitized response (red).

frequency and amplitude may be important for fully
understanding links between physiology and psychopa-
thology (Dawson et al., 2017).

There are limits to the inferences that can be drawn
from this study. Although the novel field-experimental
context is a major strength of this study, as in any field
setting it is possible that arousal observed was due to
various emotional and cognitive experiences, including
excitement, nervousness, fear, anticipation, attention,
and sensory inputs. Findings are interpreted in relation
to fear, given subjective reports of high anticipated and
experienced fear, although debate exists as to how best
to define and measure fear (Mobbs et al., 2019). Despite
the inherent reduction in experimental control, the use
of an immersive experience makes a substantial con-
tribution to the understanding of how social context
relates to physiological arousal under immersive threat.
Prior exposure to similar threats (e.g., a speeding
oncoming vehicle) or threat-related phobia may bias
responding and should be assessed in future work as
potential confounds, both in and out of the laboratory.
Participants in this study also self-selected to attend the
haunted-house experience. They are likely to be an
unusual sample because they sought out horror-related
entertainment. Timing constraints also limited the num-
ber of individual-difference measures collected. Exami-
nations of state and trait anxiety would illuminate how

differences in phasic and tonic responding confer risk
for psychopathology. However, this study provides an
important proof of concept and guide for field experi-
ments to probe contributors to threat physiology (see
also Andersen et al., 2020).

The current study substantially furthers understand-
ing of human physiological responses to threats in a
social context. Foundational concepts in behavioral
ecology motivated preregistered hypotheses regarding
contextual and intrapersonal factors posited to influ-
ence arousal. Friends increased overall arousal, whereas
subjective fear and unexpected attacks increased phasic
responding. Frequency and amplitude of SCR differen-
tially related to sensitization after baseline orienting
response. These findings highlight the dynamic nature
of sympathetic nervous system responses and identify
important factors influencing threat responsivity.
Insights from this work suggest the need for additional
investigations to further detail social and intrapersonal
contributions to threat physiology.
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