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Abstract
Remembering an unfamiliar person and the contextual conditions of that encounter is important for
adaptive future behavior, especially in a potentially dangerous situation. Initiating defensive behavior in
the presence of former dangerous circumstances can be crucial. Recent studies showed selective
electrocortical processing of faces that were previously seen in a threat context compared to a safety
context, however, this was not re�ected in conscious recognition performance. Here, we investigated
whether previously seen threat-faces, that could not be remembered, were capable to activate defensive
psychophysiological response systems. During an encoding phase, 50 participants with low to moderate
levels of anxiety (partially inpatients) viewed 40 face pictures with neutral expressions (6s each), without
an explicit learning instruction (incidental learning task). Each half of the faces were presented with
contextual background colors that signaled either threat-of-shock or safety. In the recognition phase, all
old and additional new faces (total of 60) were presented intermixed without context information.
Participants had to decide whether a face was new or had previously been presented in a threatening or a
safe context. Results show moderate face recognition independent of context conditions. Startle re�ex
and skin conductance response (SCR) were more pronounced for threat compared to safety during
encoding. For SCR, this differentiation was enhanced with higher levels of depression and anxiety. There
were no differential startle re�ex or SCR effects during recognition. From a clinical perspective, these
�ndings do not support the notion that perceptual biases and physiological arousal directly relate to
threat-associated identity recognition de�cits in healthy and clinical participants with anxiety and trauma-
related disorders.

Introduction
Humans have di�culties in identifying unfamiliar persons, especially when the situational context
changed [1]–[3]. This can become dangerous, e.g., when a person encountered in a hostile situation is
met again but not recognized. During initial encounter, defensive response programs are activated when
an evolutionary prepared aversive situation occurs (e.g., fear, freezing, �ght/�ight; [4]). In the second
encounter, when the unfamiliar person is not identi�ed, the aversive context of the �rst encounter is hardly
recognized at all [5]. However, the question remains whether the unrecognized person is nevertheless
associated with the threatening context even though neither is remembered. Thus, the present research
question is whether we �nd defense activation (i.e., enhanced skin conductance response [SCR] and
startle re�ex) to non-recognized persons who were previously encountered in a threatening context.

Psychophysiological defense mechanisms have been suggested to operate relatively independently from
conscious cognitive processing of stimulus associations [4]. For instance, on the neural level we observed
selective processing of previously seen faces as a function of whether faces were encoded in a
threatening or safe context [6]. Interestingly, this differential old/new-ERP effect was not re�ected in
conscious recognition performance and resulted in poor face and context memory. Such di�culties in
recognizing unfamiliar faces seen only brie�y (e.g., for 1s or 6s) have also been observed in other studies
in which a large number of ninety faces were presented in a blocked manner [5]. Participants did not
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know whether and, possibly more importantly, under what conditions they had seen a person before (i.e.,
during threat or safe conditions). Because neural processing is assumed to have direct access to
defensive response programs irrespective of conscious face and context recognition (e.g., [7]) the
question emerged whether threat-selective perceptual processing results in priming of defensive
psychophysiological response patterns to unrecognized threat relative to safety associated faces.

From a clinical perspective this is an important question as perceptual biases and physiological arousal
may contribute to threat-associated identity recognition de�cits in (socially) anxious and/or traumatized
participants [8]–[9]. In this context, recent research suggested attentional threat biases and
hypervigilance for highly anxious individuals [10]–[11]. Moreover, the generalization of the defensive
startle re�ex activity is a central feature of pathological anxiety especially for posttraumatic stress
disorders [12]–[14]. However, it remains unclear whether threat-related overgeneralization and attentional
biases extend to the memory processes and remain constant once the acute threat has disappeared.

The present study examined whether participants show threat-enhanced activity of the autonomic and
somatic nervous system (i.e., enhanced SCRs and threat-potentiated startle re�ex) to people that were
previously met in a threat context but cannot be remembered. To this end, an item/source (i.e.,
face/context) recognition task was combined with the threat-of-shock paradigm, in which participants
were verbally informed about the possibility to receive electrical shocks when a particular colored
background was present (e.g., blue signals threat) whereas another background color indicated safety
(e.g., green signals safety). During an initial encoding phase (incidental learning), unfamiliar faces were
paired with either a threat or safety context. It is assumed that defensive responses are increased for
faces in a threat relative to a safe context (i.e., threat-potentiated startle and SCR; [15]–[16]). Moreover,
startle potentiation should be more pronounced in more (socially) anxious participants while the
difference between threat and safety decreases (generalization, [12], [17]).

During the following recognition phase, an unexpected face/context recognition task was performed [6],
[5]. Participants indicated whether they had seen a face with a threat or safety background, or whether it
was new. Despite the notion of a memory enhancing effect of aversive apprehension ([18]–[19]), we
expected rather poor recognition performance for incidentally learned faces [6], [5], [2]. Of particular
interest is the physiological responding to faces that had been seen previously within threat compared to
safety background. According to the notion of a threat advantage [4], faces encoded during threat should
elicit enhanced SCRs and startle re�ex potentiation during recognition relative to safely encoded faces.
Similar to encoding, more pronounced SCR and startle re�ex are expected for (socially) anxious [20] and
traumatized participants with more severe anxiety [17]. For these participants, less face differentiation
(old-threat vs. old-safe vs. new) was expected, re�ecting maladaptive evaluative processing of
threatening face–context compounds.

Methods

Participants
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Fifty participants (35 female, 12 male, 3 other) between the age of 18 to 51 years (M = 24.87 [SD = 7.46])
were recruited from the University of Mannheim, the SRH Heidelberg and the general population of
Mannheim (Germany). For recruitment of a diverse sample, a transdiagnostic and dimensional approach
was followed. To increase the number of high-anxious participants with clinically relevant
psychopathology, thirteen participants were recruited from the Department of Psychosomatic Medicine
and Psychotherapy at the Central Institute of Mental Health in Mannheim. Of all participants, 45.8% self-
reported a current or past mental disorder. 31.3% of these participants self-reported current or past
Borderline Personality Disorder (BPD), 29.2% posttraumatic stress disorder (PTSD), 25% depression and
8.3% anxiety disorders. 14.3% self-reported another mental disorder (including attention
de�cit/hyperactivity disorder, (atypical) anorexia nervosa, obsessive-compulsive disorder, narcissistic
personality disorder).

We assessed anxiety, depression and trauma measures (STAI-S = 38.88 [SD = 13.23], STAI-T = 49.68 [SD
= 13.93], SPIN = 40.41 [SD = 15.68], BDI II = 41.03 [SD = 16.57], CTQ = 51.71 [SD = 22.72], using the
German versions of the Social Phobia Inventory, SPIN, [21]; State-Anxiety Inventory, STAI-T/S, [22], Beck
Depression Inventory II, BDI II, [23], Childhood Trauma Questionnaire, CTQ, [24]). Participants received
monetary compensation for participation (24€). Due to technical issues, behavioral and physiological
data from 9 participants (ID 1-9) were lost for the recognition phase and questionnaire measures are
missing from 5 participants (ID 1-2, 4, 22 and 30). Six participants (ID 8 and 21 for encoding, and ID 21,
27, 44, 47 and 50 for recognition) were excluded from startle analysis due to poor data quality (i.e.,
excessive EMG artifacts) and two from SCR analyses (ID 8 and 30) due to non-responding. All
participants provided informed written consent to the experimental protocol which was approved by the
ethics committee of the Medical Faculty Mannheim, Heidelberg University (Germany) and complies with
the APA ethical standards and the Declaration of Helsinki.

Sample size was determined based on previous studies using a similar threat-of-shock procedure (e.g.,
[25] – [26]) and estimation of sample size using G*Power analyses [27] assuming a medium effects size
(f = .2), power (1-ß = .9), and correlation among repeated measures (r = .05) suggesting N = 48 to �nd
reliable effects regarding item/context effects for the main startle analyses.

Materials and task
Sixty faces (30 female) with neutral facial expressions were selected from the Karolinska Directed
Emotional Faces (KDEF; [28]) and the Radboud Faces Database (RaFD; [29]). The pictures were
processed with a photo editor (Adobe Photoshop CS2) and cropped to the same size (442×606 pixels) to
reduce differences between the datasets. The stimulus set was randomly divided into three subsets of 20
face actors each (Set A, B, and C). During an encoding session, pictures of Set A and B were presented in
a random order. Speci�cally, Set A was presented with a speci�c colored background frame (e.g., blue;
RGB values: 0,255,0), whereas Set B was presented with a different colored frame (e.g., green; RGB
values: 0,0,255; 1280×1024 pixels; see Figure 1). Assignment of subsets to background color was
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counterbalanced across participants. Face-context compounds were presented in a trial-to-trial
pseudorandom order with the restriction of no more than two repetitions of the same background color.
Pictures were presented for 6 s with a �exible ITI of 8-12 s. To provoke the defensive startle re�ex, 10
auditory startle probes (104 dB, white noise) were administered per picture set, with a variable onset at
4.5-5.5s after picture onset (3 startle during ITI). To examine incidental learning and in order to keep
recognition performance comparably low to our previous studies ([6], [5]), the recognition task was not
mentioned to the participants before the encoding session.

During the recognition session, all pictures (old Sets A and B, and new Set C) were presented intermixed
without background colors and a combined item/source memory task was performed. Participants
indicated by button press whether the face was previously seen (old) and if so in which context, or
whether the face was new. They were instructed to guess the context if they remembered the face but not
the background color, instead of choosing new. In total, 30 startle probes were equally distributed to the
conditions old-threat, old-safe, and new faces; 3 additional probes were presented during ITI.

Stimuli were presented on a 22-inch computer screen placed approximately 0.8m in front of the
participants using Presentation software (Version 20.0, Neurobehavioral Systems, Inc., Berkeley, CA,
www.neurobs.com).

Procedure
Participants completed the questionnaires on general and social anxiety as well as trauma history one to
two days before their lab appointment, where the state version of the STAI was administered a second
time. They were then seated in the experimental room and the electrodes for the physiological measures
were attached. Following, participants rated the two background colors regarding valence and arousal
using the Self-Assessment Manikin (SAM; [30], on a scale from 1-9) as well as perceived threat using a
Likert scale (from not at all 0 to 10 highly threatening) which served as a baseline rating. Afterwards a
habituation phase served to familiarize participants with the auditory startle probes (8 trials, not
analyzed).  

Next, a (fake) shock electrode was placed on the non-dominant forearm. The participants were then
verbally instructed that they could receive up to three maximal unpleasant but not yet painful electric
shocks while one background frame was present (e.g., blue serves as threat context) but not while the
other was present (e.g., green serves as safety context). Verbal threat-of-shock instructions were used to
investigate aversive expectation instead of direct experience [31]. Color assignment to threat and safety
was counterbalanced across participants. In the following encoding session, participants were instructed
to attentively watch all presented face. After encoding, the shock electrode was detached, and
participants rated the context colors regarding valence, arousal, and perceived threat as a follow-up
measure. The recognition task followed immediately. Afterwards participants completed a short interview
and were debriefed.

http://www.neurobs.com/


Page 6/21

Data recording and reduction
Electrodermal activity (EDA), and electromyography (EMG) were recorded (1000Hz sampling rate) as
indicators for autonomic nervous system activation using Ag-AgCl electrodes, AcqKnowledge software
and Biopac ampli�ers (BIOPAC Systems; Golet, CA). Additionally, heart rate (ECG) was assessed, but not
analyzed. For skin conductance, electrodes were placed at the hypothenar eminence of the non-dominant
hand. Skin conductance data was down sampled to 20Hz o�ine and noise was attenuated using
Butterworth Zero Phase 2Hz low- and a 0.05 Hz high-pass �lter. For the startle EMG, two electrodes were
attached below the right eyelid, measuring the electromyogram of the orbicularis oculi muscle [32].
During recording frequencies below 28Hz and above 500Hz were �ltered out with a bandpass �lter (24
dB/octave roll-off) and a 50Hz Notch �lter was applied to remove noise from the power line o�ine. This
data was then recti�ed and smoothed with a moving average procedure (50 ms) in BrainVision Analyzer
2.0 (BrainProducts, Munich, Germany).

Startle responses were scored with a semi-automated procedure as maximum peak in the 21 – 150 ms
time window following each startle probe. Peak amplitude was calculated relative to a mean baseline
period (50 ms preceding startle response time window; cf. [33]). Skin conductance response (SCR) to
startle probe and picture onsets were calculated as the maximum increase in skin conductance in the
interval of 1 to 4.5 s (relative to a 2 s pre-stimulus period). A minimum threshold of 0.02 μS was used for
zero-response detection, and range and distribution correction were applied.  

Data analysis
Self-report data

Valence, arousal, and threat ratings were submitted to a repeated measure ANOVA with Time (T0 baseline
vs. T1 follow-up) and Context (threat vs. safety) as within-subjects factors. Helmert contrasts were used
to follow-up on main effects at a signi�cance level of p < .05. Greenhouse-Geisser corrections were
applied where necessary and as a measure of effect size, partial eta squared (ηp

2) is reported.

Behavioral data

Regarding recognition performance, hierarchical multinomial processing tree modeling (MPT; [34]) was
used providing parameter estimates for item- and source-memory as well as guessing parameters.
Moreover, this approach enables examining co-variations between memory parameters and inter-
individual questionnaire measures like anxiety and depression scores. The two-high-threshold source
monitoring model (2HTSM, [35]) for two sources was used.

Three discrete answer categories (threat context “T”, safe context “S”, and new “N”) are assumed to be
derived from certain latent cognitive processes, modelled as probabilities in three decision trees (see
Figure 2). Speci�cally, item recognition (DT, DS & DN), source recognition (dt, ds), item guessing (b), and
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source guessing (g). The �rst decision tree represents the case of an item presented with a threatening
context. With probability DT the item is recognized as being previously seen (i.e., old) and with the
probability dt the source (i.e., threatening context) is also recognized. If the item is not recognized as old
(1-DT), participants correctly guess with probability b that the item was old. In that case, the source must
be guessed as well, and with probability g the correct source is chosen (i.e., threat). The second decision
tree represents the case of an item previously presented with a safe context and the probabilities derive
accordingly. The third decision tree represents a previously unseen (i.e., new) item. With probability DN the
item is recognized correctly as being new, with probability 1-DN it is falsely classi�ed as old and the
parameters arise accordingly to the �rst two decision trees. In this current form, the model is not
identi�able. Therefore, the parameters for recognizing old safe faces and new faces were restricted to be
equal (DS = DN), while DT remained unrestricted. These restrictions are typical of the 2HTSM (e.g., [35] –
[36]). Additionally, guessing parameters were set equal (b = g), under the assumption that guessing
tendencies would be the same regardless of item recognition [36] – [37]. Analyses were conducted using
the TreeBUGS package [34] for R [38], questionnaire data were entered as covariates into the model.

 Additionally, hit rates (HR), false alarm rates (FAR), item recognition (HR – FAR) and the conditional
source identi�cation measure (CSIM, number of correctly identi�ed source attributions divided by the total
number of targets, [5]) were calculated and submitted to an ANOVA with the factor Context (threat vs.
safety).  

Physiological data

Startle EMG, SCR, and HR were submitted to repeated measures ANOVAs with the factor Context (threat
vs. safety), separately for the encoding and recognition phase. For SCR the factor of Block (�rst half vs.
second half) was included to account for habituation effects.

In order to explore the probability of null effects of our central hypotheses, we conducted Bayesian
analyses [39], using the R based software package JASP 0.16.1 [40]. Thereby we focused on the central
effect of Context on behavioral performance, startle potentiation, and SCR. Additionally, for SCR the
factor Block and the interaction Context × Block were included. Using Monte-Carlo sampling 10,000
iterations and default prior scaling factors (for �xed effects = 0.5, random effects = 1, r covariates =
0.354, Bayes factors (BF) were estimated [41]. BF inclusion scores (BFincl) are reported that inform about
how much the inclusion of the factor (e.g., Context) is supported by the data, compared to the null-model.
A value below 1 (above 1) indicated that the data is more likely for the null-hypotheses than for the
alternative hypotheses (and vice versa).

Greenhouse-Geisser corrections were applied where necessary, and the partial eta square (ηp
2) is reported

as a measure of effect size. To control for type 1 error, Bonferroni correction was applied for post hoc t
tests.

Results
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Self-report data
The rating data revealed an overall successful subjective induction of threat anticipation (see Figure 3).
For the valence ratings, neither the two contexts nor the two time points T0 (baseline) and T1 (follow-up)
were rated differently, Time F(1,47) = .38, p = .54, ηp

2 = .01, Context F(1,47) = 1.35, p = .25, ηp
2 = .03. A

signi�cant Time × Context interaction showed, however, that the safety context was perceived as more
pleasant than the threat context after threat induction but not at baseline, Time × Context F(1,47) = 29.39,
p < .001, ηp

2 = .39. The overall level of arousal was higher during T1 than during T0, Time F(1,47) = 10.03,

p < 0.01, ηp
2 = .18. While in general the contexts did not differ, Context F(1,47) = 2.32, p = .13, ηp

2 = .05,
post-hoc tests revealed that, after the threat induction, the threat relative to safety context was rated more
arousing, Time × Context F(1,47) = 27.18, p < .001, ηp

2 = .37. Threat levels increased over time, Time

F(1,47) = 20.98, p < .001, ηp
2 = .31 and in intensity, Context F(1,48) = 4.10, p = .05, ηp

2 = .08, with post-hoc
tests showing that the threat context was perceived as more threatening than the safe context only during
T0 and not during T1, Time × Context F(1,47) = 26.22, p < .001, ηp

2 = .36. There were no covariation
effects with questionnaire scores on any of these measures.

Behavioral data
Table 1 contains the parameter estimates of the hierarchical MPT. Using Bayesian modelling, a priori
distribution of the parameters is used before analyses and compared to a posterior distribution which is
based on the data using Baye’s theorem. The Bayesian con�dence intervals (BCIs) explains within which
range the true parameter lies in the posterior distribution, given data and prior distribution. Overlapping
BCIs indicate non-signi�cant differences between parameter estimates. While participants were
moderately able to recognize items as old or new, it did not matter whether they had seen them in a
threatening or a safe context during encoding. This is indicated by the overlapping BCIs of the DT and DS

parameters. 

Moreover, source recognition was poor (dT = .04 and dS = .01 with large Bayesian con�dence intervals for
the threatening source [.00 - .39]) and did not differ between a threatening or safe source from encoding,
evident in overlapping BCIs of the dt and ds parameters. The guessing parameters re�ected the
probabilities of the events for source guessing (g = .48 with half of the faces from a threatening and half
of the faces from a safe context). The probability of a face having been presented before during
encoding compared to new was 2:1. There was a slight conservative guessing tendency of classifying an
old face as a face being new (b = .58 with the actual probability of a face being old of .67). No signi�cant
associations emerged between parameter estimates and questionnaire scores, which were entered as
covariates into the model. Model �t (Klauer’s [42] test statistics T1 p = .25) was good. 

            Using conventional recognition parameters, mean hit rates and false alarm rates for the
threatening context were HR Mthreat = .76 (SD = .15), FAR Mthreat = .20 (SD = .17) and for the safe context
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HR Msafe = .73 (SD = .16) and Msafe = .20 (SD = .15). Item recognition (HR – FAR) did not differ based on

Context, F < 1, p = .40, ηp
2 = .02, BFincl = 0.305. Likewise, source identi�cation did not differ signi�cantly

as a function of context conditions, Context F < 1, p = .50, ηp
2 = .01, BFincl = 0.290 (Mthreat = .21 [SD = .07],

Msafe = .22 [SD = .05]). This means that it is 3.28 and 3.45 times more likely that there is no difference
between the two context conditions for both behavioral measures. None of the questionnaire measures
had an impact on memory performance, Fs < 1, ps > .73.  

Table 1. Mean parameter estimates of the latent-trait MPT model for the recognition performance of the
item/source memory task.

Parameter M [95 % BCI] SD

g 0.48 [0.45 – 0.52] 0.02

b 0.58 [0.49 – 0.67] 0.05

dT 0.04 [0.00 – 0.39] 0.11

DT 0.28 [0.05 – 0.48] 0.11

dS 0.01 [0.00 – 0.04] 0.02

DS = DN 0.41 [0.32 – 0.49] 0.04

Note. For the group-level estimates, posterior means (and SDs) are shown. BCI = Bayesian con�dence
interval. DT, DS and DN =face recognition parameters, dT, dS = context memory parameters and b, g =
guessing probabilities. 

Startle re�ex
As expected for the encoding phase, the startle re�ex was potentiated for faces presented with the
threatening compared to the safe background, Context F(1,45) = 37.20, p < .001, ηp

2 = .45 (see Figure 4A).
A marginally signi�cant Context × Depression interaction indicated that the threat-potentiated startle was
more pronounced for more depressed participants, F(1, 41) = 3.76, p = .06, ηp

2 = .08. No signi�cant
interaction emerged for other questionnaire measures.

Regarding the recognition phase, no difference in startle potentiation was found, Context F(2,70) < 1, p =
.64, ηp

2 = .01, BFincl = 0.133, making the null hypotheses 7.52 times more likely than the alternative
hypothesis. Individual differences based on the questionnaire scores did not modulate the �ndings. 

Skin conductance responses to startle probes
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Skin conductance responses to startle probes were more pronounced during the �rst relative to the
second half of the encoding session, Block F(1,43) = 31,43), p < .001,  ηp

2 = .42. No main effect of Context

emerged, F < 1, p = .53, ηp
2 = .01, however a signi�cant interaction Context × Block, F(1,43) = 6.56, p < .05,

ηp
2 = .13. Post-hoc tests revealed that the threatening context elicited a more pronounced SCR compared

to the safe context only during the second half of the encoding session, F(1,43) = 6.83, p < .05, ηp
2 = .14.

Moreover, (marginally) signi�cant interactions emerged for Context with depression, trait-anxiety, and
social anxiety, Fs(1, 40) = 4.01, 4.93, and 6.02, ps = .05, and < .05, ηp

2 = .09, .11, and .13. These
interactions indicate more pronounced differentiation between threat and safety context with higher
depression and anxiety scores.

For the recognition phase, startle locked SCRs were not modulated by Context, F < 1, p = .45, ηp
2 = .03,

BFincl = 0.074, or Block F(1,28) = 3.21, p = .08, ηp
2 = .10, BFincl = 0.995. There was also no signi�cant

Context × Block interaction, F < 1, p = .45, ηp
2 = .03, BFincl = 0.04, making the respective null hypotheses

13.51, 1.01, and 25 times more likely than the alternative hypotheses.

Skin conductance responses to picture onset

During the encoding session, SCRs locked to picture onset varied as a function of Context, F(1,43) =
29.93, p < .001, ηp

2 = .41, and Block, F(1,43) = 60.55, p < .001, ηp
2 = .59, indicating more pronounced SCRs

during threat compared to safety, and during the �rst compared to the second half of the encoding
session (see Figure 4B). There was no signi�cant interaction Context × Block, F(1,43) = 2.10, p = .16, ηp

2 =
.05, nor any interactions with the questionnaire measures, Fs < 1, ps > .43.

During recognition, SCRs elicited did also not vary between threat and safety, Context, F(2,72) = 1.05, p =
.35, ηp

2 = .03, BFincl = 0.067, nor between �rst and second phase of the recognition session, Block F < 1, p

= .83, ηp
2 = .00, BFincl = 0.106. The Context × Block interaction was not signi�cant, F(2,72) = 1.53, p = .22,

ηp
2 = .04, BFincl = 0.011. Thus, the respective null hypotheses were 14.93, 9.43, and 90.91 times more

likely than the alternative hypothesis. Taken together, in the recognition phase, there was no indication
that autonomic arousal was enhanced for faces that had been previously presented with a threatening
compared to a safety context. There were no signi�cant in�uences of the questionnaire measures, Fs < 1,
ps > .51.

Discussion
Previous research has shown that encoding unfamiliar faces within an aversive anticipatory context (i.e.,
threat of shock) leads to later threat-selective neural processing (indicated by event-related brain activity),
although recognition performance was low [6], [9]. In the present study, we examined the hypotheses
whether autonomic arousal can be found for such threat-associated but non-recognized unfamiliar face
pictures. Psychophysiological measures of the startle re�ex and SCR did not support this hypothesis.
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Aversive apprehensions were successfully induced via verbal threat instruction in the encoding session
and resulted in a more unpleasant, arousing, and threatening rating of the threat compared to the safety
context. Moreover, similar to previous research, a threatening context activated the autonomic and
somatic nervous system during the encoding session, as evidenced by threat-enhanced skin conductance
responses and potentiated startle re�exes compared to the safety context (e.g., [43]). As expected for an
implicit learning task, memory for unfamiliar faces was rather poor and did not vary as a function of
contextual threat or safety [6], [5]. In fact, participants were barely able to recognize whether they had
seen a face before, and thus were unable to identify the contextual situation (i.e., threat or safety source)
of a previous encounter. Similarly, autonomic and somatic activation did not vary during the recognition
session, neither for faces from a threat or safety source, nor for newly presented faces. Moreover,
different measures of psychopathology (i.e., depression, social and state/trait anxiety, early
maltreatment) did not affect psychophysiological responding to faces during the recognition session.
These �ndings are further supported by Bayesian analyses, showing that the null hypotheses in the
recognition phase (i.e., no difference between faces from a threat or safety context or new faces) were
much more likely than the alternative hypotheses.

A dangerous situation triggers the activation of defensive psychophysiological systems in order to avoid
or, if a �ight reaction is not possible, at least minimize harm [44]. Such response programs to danger cues
include the activation of the autonomic and somatic nervous system and can persist even when the
dangerous situation has evidently passed. This is particularly true when the threat was learned through
social means such as verbal instructions [45]–[46]. The pure anticipation of threatening events (e.g.,
unpleasant electric shocks; [47]) is su�cient to provoke a relatively persistent state of aversive
apprehension even when the threatening situation never occurred (e.g., across repeated test days without
shock reinforcement; [33], [43]).

However, once the threat has been averted and its signals have disappeared, a conscious memory of
people and situations associated with the threat seems necessary to be better prepared for future
encounters [48]. While we did not �nd support for this hypothesis in the present study design, several
aspects and alternative hypotheses need to be considered. First, the removal of the shock electrode after
the encoding phase together with the instruction that no electrical shock can follow after this point may
have terminated the real threat (instructed extinction; [49]). Second, the complete absence of threat cues
during recognition probably triggered a general downregulation of defensive behaviors [50]. However,
compared to the startle re�ex activity during a safe encoding context, no reduction or downregulation was
observed in the recognition session for formerly threatening, safe or new faces. Third, aversive
apprehensions have been suggested to positively improve cognitive performance [18]. For example,
arousal improves accuracy in a sustained attention to a response task [51] or in recognizing neutral
objects from emotional backgrounds [19]. In another study, memory of context (arousing vs. non-
arousing) was found to be impaired by the presence of negative information, whereas threat of shock
enhanced item memory [52]. Therefore, negative affect appears to impair memory for associations,
whereas storage of negative perceptual representation is spared or even enhanced. Fourth, in the present
study, the facial stimuli were prominently placed in the foreground, while contextual threat and safety
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colors served as a background. Although participants were instructed to attend to every picture, the
colored background indicated threat of electrical shocks or safety and was relevant for adaptive
behavioral response priming (e.g., avoidance, heightened attention). In contrast, faces were a prerequisite
for source identi�cation during the recognition session [36]. Together with a possible item-source
dissociation during encoding, this might have led to an overall decrease in psychophysiological
responding to a potentially dangerous situation [6].

Although poor memory performance was intended in this study (to investigate the possible activation of
defensive systems without conscious recollection), future studies should strengthen the item-source
association during encoding to promote familiarity-based retrieval [53]–[54]. Moreover, future studies are
needed to investigate the effect of threat on recognized faces by increasing memory performance, for
example by lowering the number of faces to be remembered. Here, explicit learning instructions and
increasing the number of presentations per face could be pertinent. This procedure could be used to
clarify whether defensive reactions are triggered even when there is no conscious recognition of previous
threatening encounters.

Although the recognition of unfamiliar faces was expectedly poor [2], and the association of the faces
with the threatening (and safe) context(s) not explicitly emphasized and strengthened, this study aligns
with other �ndings that show the impact of contextual surroundings on the perception and processing of
otherwise neutral faces [55]–[56], [19], [6]. Extending these �ndings, we found enhanced SCRs to the
onset of faces (and startle probes) within a threat compared to safety context, indicating enhanced
arousal and alertness to these faces–context compounds. This effect diminished, when eliminating the
threat-related part of the face-context associations during recognition, where SCRs were similar for all
faces (i.e., threat, safe, and new), especially when being unable to remember the presented stimuli. This
underscores the importance of the interplay of bottom-up (automatic) and top-down (expectation-based)
factors in threat perception [57]–[59]. It also supports the claim that neutral facial expressions do not
convey su�cient safety information and are disregarded in a dangerous context [43]. In addition, similar
contexts during encoding and recognition has long been found to boost memory performance [60]–[61].
As the context conditions fundamentally changed from encoding to recognition, a cued recognition task
with presenting the faces together with all contexts from encoding could have led to a renewed
autonomic nervous system activation.

From a clinical perspective, the present study adds insight to several important points. While previous
studies have shown that a threatening environment can change perception, attention, and memory
processes (e.g., [6], [9]), here we found no indication for our key prediction that threat-encoded faces will
lead to enhanced defense activation during recognition. However, psychophysiological responding to
threat/safety situations varied with interindividual differences in depression and trait-anxiety measures
during encoding of face–context compounds. Speci�cally, threat-enhanced skin conductance response
increased with anxiety and depression scores. This differentiation did not persist into the recognition
phase of the experiment, possibly due to response habituation. Alternatively, these �ndings are in line
with previous research showing that anxiety, at least at low-moderate levels, has no signi�cant impact on
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implicit memory and recognition and does not favor a memory bias towards threatening information [62].
Participants with moderate-high levels of anxiety and depression should be included in future studies to
gain insight to the effect of former contextual arousal on face recognition.

In summary, a �rst encounter with an unfamiliar person that was combined with contextual threat leads
to activation of defensive response systems (threat-potentiated startle re�ex and SCRs during encoding).
However, this effect disappeared during the second encounter with this person without contextual
information (recognition session), indicating that the presence of contextual threat signals is necessary
to trigger defensive responding, especially when memory of the threat–face association is poor.
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Figures

Figure 1

Schematic illustration of the experimental procedure. (A) Following initial practice trials, context colors
were rated regarding valence, arousal and threat (T0) and then threat-of-shock and safety based on the
colors were verbally instructed. Afterwards, an encoding session started, after which the context colors
were rated a second time (T1). Finally, participants performed a recognition session. (B) During the



Page 19/21

encoding session 40 faces with neutral facial expressions were presented in front of either of the two
alternating background colors (i.e., threat and safety) and the participants were instructed to view each
face attentively. A startle sound (white noise) was presented for half of the trials. In the recognition
session participants saw the 40 faces from encoding and 20 new ones and had to indicate by button
press in front of which color they had been presented during encoding or whether they were new. Again,
half of the trials were accompanied by a startle sound. 

Figure 2

Submodel 5d of the two-high-threshold model of source monitoring (Adapted from Arnold, Bayen,
Kuhlmann, & Vaterrodt, 2013; originally by Bayen et al., 1996). The model parameters represent
probabilities; DT = probability of detecting that a face is from encoding session in a threatening context;
DS = probability of detecting that a face is from encoding session in a safe context; DN = probability of
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detecting that a face is new; dT = probability of correctly remembering the threat context of a face; dS =
probability of correctly remembering the safe context of a face; g = probability of guessing that a face is
from the threat context; b = probability of guessing that a face is from the encoding session.  

Figure 3

Mean valence, arousal (scale of 1 to 9) and threat (scale of 0 to 10) ratings of the instructed threat and
safety contexts, indicated by the colors blue and green (random assignment) before the threat instruction
(T0) and after the encoding session (T1) (M and SEM, *** p < .001).
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Figure 4

(A) Mean startle re�ex and (B) skin conductance response to picture onset for the encoding and
recognition session, as a function of contextual threat and safety, or new faces (M and SEM, *** p <
.001).


