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1  |  INTRODUCTION

Recent research has started to examine the beneficial ef-
fects of seeing loved ones (e.g., romantic partners, attach-
ment figures; Coan et al., 2006; Eisenberger et al., 2011). 
For instance, looking at pictures of loved ones triggers a 
psychophysiological response pattern that is characteris-
tic of positive emotions (e.g., pleasure ratings, increased 
heart rate and zygomaticus activity, as well as reduced 

startle reflex; Guerra, Sánchez- Adam, et al.,  2012; Vico 
et al.,  2010). Moreover, the real or pictorial presence of 
loved ones can mitigate the experience of pain and acti-
vate neural systems involved in reward processing (e.g., 
Eisenberger et al.,  2011; Montoya et al.,  2004; Younger 
et al.,  2010). Regarding learning processes, however, re-
sults are inconsistent for different learning paradigms 
and types of dependent variables. Some studies suggest 
that loved ones may act as prepared safety stimuli that 
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Abstract
Recent studies on fear conditioning and pain perception suggest that pictures of 
loved ones (e.g., a romantic partner) may serve as a prepared safety cue that is less 
likely to signal aversive events. Challenging this view, we examined whether pic-
tures of smiling or angry loved ones are better safety or threat cues. To this end, 47 
healthy participants were verbally instructed that specific facial expressions (e.g., 
happy faces) cue threat of electric shocks and others cue safety (e.g., angry faces). 
When facial images served as threat cues, they elicited distinct psychophysiologi-
cal defensive responses (e.g., increased threat ratings, startle reflex, and skin con-
ductance responses) compared to viewing safety cues. Interestingly, instructed 
threat effects occurred regardless of the person who cued shock threat (partner 
vs. unknown) and their facial expression (happy vs. angry). Taken together, these 
results demonstrate the flexible nature of facial information (i.e., facial expres-
sion and facial identity) to be easily learned as signals for threat or safety, even 
when showing loved ones.
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are less easily learned as threat cues; other studies did not 
find such an effect (e.g., Hornstein et al.,  2016; Morato 
et al., 2021). Further research is needed to better under-
stand the mechanisms involved and the circumstances 
under which looking at loved ones has a positive effect on 
learning processes.

As an important source of social support, satisfying 
romantic relationships have a great impact on health 
(e.g., lower morbidity and mortality; Holt- Lunstad 
et al., 2008), and even the mere pictorial presence of sup-
portive others is helpful. For instance, reduced pain per-
ception has been observed when having visual contact 
with one's loved ones (Duschek et al., 2020) or when view-
ing pictures of significant others (e.g., romantic partner; 
Eisenberger et al., 2011; Master et al., 2009). Moreover, 
Younger et al. (2010) examined pain perception while ei-
ther viewing pictures of the romantic partner, or when 
completing a distraction task. Whereas the partner and 
the distraction task significantly reduced pain percep-
tion, only viewing the romantic partner also activated 
neural structures involved in reward processing (e.g., nu-
cleus accumbens, dorsolateral prefrontal cortex; Younger 
et al., 2010). In addition, Eisenberger et al. (2011) found 
increased ventromedial prefrontal cortex activity, a key 
structure for processing of safety signals (for reviews, see 
Fullana et al.,  2015; Laing et al.,  2022), when viewing 
supportive individuals, which was also associated with 
a significant reduction in pain ratings and pain- related 
neural activity.

Fewer studies have examined the impact of loved 
ones on learning processes, and in most cases, classi-
cal (Pavlovian) threat conditioning has been used (e.g., 
Hornstein et al.,  2016; Toumbelekis et al.,  2018). In this 
procedure, a (neutral) stimulus acquires aversive quali-
ties (conditioned stimulus, CS) through pairings with an 
unconditioned stimulus (US, e.g., electric shocks). Here, 
Seligman's preparedness theory states that some stim-
uli are more readily learned as threat cues, because they 
have evolutionary threatened humans (e.g., snakes and 
spiders; Hugdahl, 1978; Seligman, 1971). With regard to 
facial stimuli, this notion was supported by a recent meta- 
analysis showing small- to- moderate effects that threaten-
ing facial expressions (fear and anger) are the more potent 
conditioned threat cues (Ney et al.,  2022). Transferring 
this theory to positive stimuli, some recent studies have re-
ported that pictures of supportive others could prevent the 
acquisition of aversive features when used as conditioned 
stimuli in a classical conditioning protocol (Hornstein 
& Eisenberger,  2017). Thus, social support figures could 
act as prepared safety cues, and their targeted use as fear 
suppressors in research and practice could help to better 
understand disorders and improve clinical treatments 
(Hornstein et al., 2022).

While threat and safety learning and its relevance to 
fear and anxiety disorders are frequently examined using 
Pavlovian conditioning procedures (e.g., Bouton,  2002; 
Duits et al.,  2015; Jovanovic et al.,  2012; Laing & 
Harrison,  2021), however, much affective learning does 
not rely on direct first- hand experiences of aversive events 
(Rachman, 1977). Often, threat and safety information is 
socially communicated by observing the actions and ex-
periences of others or through verbal instructions (e.g., 
Bandura & Walters,  1977; Olsson & Phelps, 2007). Such 
social learning processes provide important, but rarely 
studied, information on the emergence, maintenance, 
and treatment of (anxiety) psychopathology (Espinosa 
et al., 2020; Muris & Field, 2010; Schellhaas et al., 2022).

Using the instructed threat paradigm (also called 
threat- of- shock; Grillon et al.,  1991), participants are 
verbally instructed that certain experimental stimuli, sit-
uations, or contextual settings signal the possibility of re-
ceiving unpleasant electric shocks (i.e., threat cues), while 
other stimuli serve as instructed safety cues. Recent re-
search consistently observed that instructed threat relative 
to safety cues triggers aversive apprehensions, activates a 
neural fear network, guides selective attention, and trig-
gers defensive physiological response systems (e.g., poten-
tiated startle reflex, enhanced skin conductance responses 
[SCR]; Bublatzky & Schupp, 2012; Costa et al.,  2015; 
Kavcıoğlu et al.,  2021; Mechias et al.,  2010; Mertens 
et al., 2016). With regard to the impact of loved familiar 
faces on instructed threat learning, two recent studies 
argue against the notion of preparedness and showed that 
loved face pictures are neither per se (by themselves) safe 
nor do reduce the effects of contextual threat (Bublatzky 
et al.,  2022; Morato et al.,  2021). However, these stud-
ies used neutral facial expressions and therefore did not 
consider the expressive function of a face, which is cru-
cial for social communication of emotional states (e.g., 
an angry expression signals threat, a smile may indicate 
safety; Adolphs,  2009; Öhman et al.,  2000). Thus, facial 
expressions are important for non- verbal communica-
tion and can contradict or even replace the spoken word 
(Phutela, 2015). Although there has been research on the 
processing of loved faces and on the processing of facial 
expressions, the modulatory effect of the facial expression 
of loved people on threat learning is poorly understood.

The present study examined whether a romantic part-
ners´ facial expression signals greater threat or safety (e.g., 
an angry or smiling partner) than an unknown person's 
facial expression. For this purpose, pictures of beloved and 
unknown faces were shown expressing joy or anger, while 
in two experimental groups, facial expressions served as 
verbally instructed threat or safety cues (i.e., angry- threat 
group vs. happy- threat group). As in previous research, 
we hypothesized that loved faces are perceived as more 
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pleasant, arousing, and less threatening. In terms of phys-
iological responses, this will be associated with enhanced 
SCRs (reflecting greater arousal), increased heart rate 
and zygomaticus activity (two specific indices of positive 
emotion) for loved relative to unknown faces (Guerra 
et al., 2011; Guerra, Sánchez- Adam, et al., 2012; Guerra, 
Vico, et al., 2012; Vico et al., 2010). For the defensive star-
tle reflex, one previous study reported that viewing loved 
ones may inhibit reflex activity (Guerra, Sánchez- Adam, 
et al., 2012), whereas other studies have failed to show this 
effect (Bublatzky et al., 2022; Morato et al., 2021).

While the impact of facial expression on physiological 
responding is mixed (e.g., Anokhin & Golosheykin, 2010; 
Bublatzky & Alpers,  2017), pronounced main effects of 
instructed threat linked to facial expressions were pre-
dicted. Specifically, viewing instructed threat cues will be 
associated with threat- potentiated startle reflex, enhanced 
SCRs, and a pronounced cardiac deceleration regard-
less of which facial expression cued threat (cf. Bradley 
et al., 2001, 2005; Bublatzky et al., 2018, 2019). Interaction 
effects related to which facial expression and face iden-
tity indicate threat or safety may support the notion of 
prepared threat and/or safety learning. For example, an 
angry unknown face that signals threat might show the 
most pronounced threat effects (prepared threat cue), or 
conversely, a partner's smile might be less easily learned 
as a threat cue (prepared safety cue).

2  |  OPEN PRACTICES 
STATEMENT

The experiment was not preregistered, but was elabo-
rated in a (non- public) grant application to the German 
Research Foundation. The data and the data- analysis 
scripts are posted at https://osf.io/2r8af/ ?view_only=6f9fa 
30e35 5c4f6 5a90a 870e6 f78be82

3  |  METHOD

3.1 | Participants

Forty- seven students (36 female, mean age = 21.14 years, 
SD = 2.7) were recruited from the University of Granada 
(Spain). Sample size was determined based on our pre-
vious research using loved faces and instructed threat 
manipulations (e.g., Bublatzky et al.,  2014; Guerra 
et al., 2011; Guerra, Sánchez- Adam, et al., 2012; Guerra, 
Vico, et al., 2012; Morato et al., 2021). In addition, statisti-
cal estimations with G*Power (Faul et al., 2009) indicated 
that a sample size of N = 46 was required to detect Group 
by face Identity effects at a medium effect size (f  =  .2, 

power  =  .90, α error  =  .05, and assumed correlation of 
repeated measures in repeated- measure ANOVAs = .5).

All participants were in good health and had normal or 
corrected- to- normal vision. They provided informed con-
sent prior to their participation and received course cred-
its. The ethics committee of the University of Granada 
approved the experimental protocol, which was in accor-
dance with the Declaration of Helsinki. For some partic-
ipants, individual psychophysiological data sets were lost 
due to technical problems (e.g., electrode failure, excessive 
noise). Specifically, each one data set was lost for startle 
blink and zygomaticus, three for heart rate, two for skin 
conductance and corrugator measurements, as well as one 
participant forgot to complete the valence rating.

3.2 | Materials and design

Facial photographs of the participants´ own romantic 
partner and an unknown person (another participant's 
partner) showing happy, neutral, and angry facial ex-
pressions were used (i.e., 6 pictures in total). All pictures 
were matched for size (886 × 886 pixels), color (black and 
white), and background (light- colored). Participants were 
randomly assigned to one out of two experimental groups 
where either happy or angry facial expressions served 
as threat or safety cues, whereas neutral faces remained 
uninstructed.

Thus, a 2 × (2 × 3) design was used, with Group (happy 
faces cueing threat vs. angry faces cueing threat) as a 
between- subject factor, and Face Identity (romantic part-
ner vs. unknown) and Expression (happy, neutral, and 
angry) as repeated- measures variables. Threat and safety 
contingencies were verbally instructed and counterbal-
anced across participants. The sequence was pseudo- 
random with the restriction that the same face identity 
or emotional expression (e.g., romantic partner or happy 
facial expression) could not appear in more than four 
consecutive trials. No more than four picture- startle or 
picture- alone trials in a row were allowed. Importantly, 
and in order to focus on the impact of aversive anticipa-
tion, no shocks were delivered during the experiment. 
Nevertheless, a work- up procedure was carried out be-
fore the experiment started to enhance credibility of the 
threat- of- shock instructions (e.g., Bublatzky et al., 2019).

Psychophysiological recordings started with a 2- min 
rest period. Following, the experiment began with the 
presentation of in total 78 picture trials (each picture 
13 times). Each trial consisted of a 4- s baseline period, 
a 6- s picture presentation, a 4- s post- picture period, 
and a varying inter- trial interval ranging from 2 to 4  s 
(see Figure  1). Auditory startle probes were equally 
distributed across pictures and delivered at either 4, 
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4.5, 5, or 5.5 s after picture onset in 48 out of 78 trials. 
Additionally, eight startle probes were presented during 
the inter- trial intervals.

Startle probes (white noise bursts at 105 dBs, 50 ms dura-
tion and virtually instantaneous rise time) were elicited by 
a Coulbourn S81- 02 noise generator, gated by a Coulbourn 
S82- 24 audio- mixer amplifier (Coulbourn Instruments, 
Whitehall, PA) and presented over matched Telephonics 
TDH- 49P earphones. Stimulus control was accomplished 
by use of Presentation software (Neurobehavioral Systems, 
Inc., Albany, CA), and collection of physiological data was 
controlled by VPM (Cook, 2001). Finally, a Letica- shock- 
module LI 2700 (Letica, Barcelona, Spain) was used to ad-
minister electrical pulses during the work- up procedure.

3.3 | Procedure

All participants completed an initial telephone interview 
to ensure that the following inclusion criteria were met: (1) 
having a romantic relationship, and (2) reporting a good 
relationship with their partner (i.e., at least 60% satisfac-
tion on a scale from 0 to 100%). Then, specific instructions 
were given for taking the pictures: frontal view of the face 
with the three emotional expressions (happy, neutral, and 
angry), light background without objects, and the pictures 
were to be taken by someone other than the participant. 
Upon their arrival at the laboratory, participants filled 
out questionnaires on positive– negative affect (PANAS; 
Watson et al., 1988) and social support (MOS; Sherbourne 
& Stewart, 1991).

Subsequently, participants were seated in a dimly lit, 
sound- attenuated room, sensors were attached, and a 

shock work- up procedure was carried out (Bublatzky 
et al.,  2010, 2018, 2020). This procedure included the 
presentation of several electrical pulses –  progressively 
increasing in intensity –  until the participants reported 
them as maximally unpleasant but not painful. Then, the 
main instructions regarding threat and safety contingen-
cies were given, stating which emotional facial expression 
served as threat or safety cue (i.e., the face identity was 
not relevant to the threat/safety instructions). For exam-
ple, in the angry- threat group, participants were told, “if 
you see either of these two pictures [pictures of the angry 
loved and unknown person were shown], there is always 
the possibility of receiving an electric shock as long as the 
picture is present.” For the safety instruction, “if you see 
either of these two pictures [pictures of the happy loved 
and unknown person were shown], you will not receive 
any electric shock.” The same instruction was given for 
the happy- threat group, but with the respective different 
facial expressions. For both groups, neutral facial expres-
sions remained uninstructed, serving as an implicit safety 
cue. The pictures were presented on a 19″ flat monitor lo-
cated at approximately 60 cm from the eyes of the partici-
pant. Participants' task was to watch all visual stimuli for 
the entire time they were on the screen.

By the end of the experiment, participants com-
pleted picture ratings. Valence and arousal ratings were 
assessed using the Self- Assessment Manikin (SAM; 
Bradley & Lang,  1994), a well- validated pictorial scale 
that ranges from 1 to 9 indicating unpleasant– pleasant 
and calm– highly aroused. The accompanying instruc-
tions were to rate “how unpleasant/pleasant (calm/
aroused) this picture makes you feel.” For threat ratings, 
participants were asked to indicate “how threatening 

F I G U R E  1  Schematic illustration of the experimental procedure. (a) A shock work- up procedure was carried out to ensure believability 
of the threat instructions. Participants were assigned to one of two experimental groups in which happy or angry facial expressions were 
instructed as threat- of- shock cues. Thus, the loved or unknown face identity was not diagnostic for shock threat. (b) For each group, 
the romantic partner and the control face (i.e., unknown romantic partner of another participant) were presented 39 times (78 trials in 
total) displaying happy, neutral, and angry facial expressions. Auditory startle probes were presented in 48 trials. No shocks were applied 
throughout the experiment.

 14698986, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/psyp.14273 by U

niversidad D
e G

ranada, W
iley O

nline L
ibrary on [22/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



   | 5 of 14MORATO et al.

did you find each of the faces on a scale ranging from 0 
(not at all) to 10 (very threatening)?” In addition, ques-
tionnaires on empathy (Interpersonal Reactivity Index, 
IRI; Pérez- Albéniz et al.,  2003) and attachment style 
(Experience of Close Relationship, ECR; Alonso- Arbiol 
et al.,  2007) were filled out. Finally, a debriefing was 
held in which we asked participants a standard ques-
tion, “On a scale of 0 to 10, how credible did you find 
the threat instruction?” Overall, participants rated the 
threat instruction as very credible with a mean score 
of 9.17 out of 10 (SD = 1.77), supporting the validity of 
threat- of- shock instructions.

3.4 | Data recording and reduction: 
Peripheral measures

Heart rate was derived from the electrocardiogram re-
corded with a Coulbourn V75- 04 bio- amplifier at lead II 
using three standard In Vivo Metrics Ag/AgCl electrodes 
filled with conductive gel (Parker Laboratories, Inc, New 
Jersey, USA). Frequencies below 1.5 Hz and above 20 Hz 
were filtered out using a Coulbourn V75- 48 band- pass 
filter. The signal was amplified by 5000 and sampled at 
1000 Hz. For skin conductance, two standard Ag/AgCl 
electrodes were placed on the hypothenar eminence of 
the left hand and filled with isotonic gel (Biopac Systems). 
The signal was acquired with a Coulbourn V71- 23 module 
and sampled at 50 Hz. All EMG activity was recorded by 
means of miniature In Vivo Metrics electrodes filled with 
gel and separate Coulbourn V75- 04 bio- amplifiers. The 
raw signals were band- passed filtered (28– 500 Hz), and 
subsequently rectified and integrated using a Coulbourn 
V75- 24 multi- channel integrator. Raw zygomaticus and 
corrugator signals were sampled at 100 Hz and inte-
grated using a 500 ms time constant. For orbicularis mus-
cle activity, these values were set at 1000 Hz and 20 ms, 
respectively.

To account for temporal changes, heart rate, skin 
conductance, zygomaticus, and corrugator responses 
were calculated by averaging across each half- second for 
the duration of the picture display and by subtracting 
the activity within 1  s prior to the picture onset (e.g., 
Bradley et al.,  2001, 2018; Costa et al.,  2015; Guerra 
et al., 2011).

Startle responses were scored with an automated de-
tection algorithm (Balaban et al., 1986), verified by visual 
inspection. The startle amplitude was defined as the dif-
ference between the peak and the onset of the response, 
in a time window between 20 and 120 ms after stimulus 
onset. To control for between- subject variability, startle 
amplitudes for each participant were transformed to T 
scores.

3.5 | Data analysis

3.5.1 | Self- report data

Valence and arousal ratings of the face pictures were 
analyzed by means of repeated- measures ANOVAs in-
cluding the between factor Group (happy- threat vs. 
angry- threat), and the within factors Face Identity (ro-
mantic partner vs. unknown) and Expression (happy, 
neutral, angry).

3.5.2 | Peripheral measures

The effect of verbal threat/safety instructions on psy-
chophysiological measures was assessed using repeated- 
measures ANOVAs with Face Identity (romantic partner 
vs. unknown), and Expression (happy, neutral, angry) 
as within- subject variables, and Group (happy- threat vs. 
angry- threat) as a between- subject factor. For skin con-
ductance, heart rate, zygomaticus, and corrugator EMG, 
an additional factor Time (12 half- second bins) was in-
cluded to examine the temporal unfolding of peripheral 
responses.

For all analyses, statistical significance level was set at 
α = 0.05, partial eta square (�p2) was computed as a mea-
sure of effect size, and 95% confidence intervals are re-
ported. Finally, Greenhouse– Geisser correction was 
applied to adjust for lack of sphericity in the data, and 
Bonferroni correction was used for pairwise comparisons.

4  |  RESULTS

4.1 | Self- report data

4.1.1 | Valence

Confirming previous findings, pictures of the romantic 
partner were rated as significantly more pleasant than 
photographs depicting unknown individuals, Identity 
F(1,44) = 67.89, p < .001, �p2 = .61 (see Table 1). An inter-
action Identity × Group, F(1,44) = 10.27, p < .01, �p2 = .19, 
revealed that pictures of unknown individuals were rated 
as equally pleasant regardless of the experimental group, 
p = .71, whereas pictures of the romantic partner were sig-
nificantly more pleasant for the happy- threat group, com-
pared to the same kind of pictures in the angry- threat 
group, p < .01.

On the other hand, when considering the emotional 
expression being displayed, a significant linear trend 
was found (happy > neutral > angry), Expression 
F(2,88) = 76.80, p < .001, �p2 = .64, with significant pair-
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wise comparisons, all ps < .001. This effect varied as a 
function of Identity × Expression, F(2,88)  =  26.72, 
p < .001, �p2 = .38, indicating that happy and neutral ex-
pressions were rated more pleasant when displayed by a 
loved compared to an unknown person, all ps < .001, but 
no differences for angry expressions, p = .89. Moreover, 
an interaction Expression × Group emerged, 
F(2,88)  =  5.90, p < .01, �p2  =  .12. For the happy- threat 
group, neutral and angry expressions were rated signifi-
cantly more pleasant compared to the same expressions 
in the angry- threat group, all ps < .05. However, valence 
ratings for happy expressions did not differ between 
groups, p = .07.

4.1.2 | Arousal

Pictures of the romantic partner were rated as more arous-
ing than unknown faces, Identity F(1,45) = 6.49, p < .05, 
�p

2 = .13. However, no interaction effects were found with 
Group, Fs <1.88, p > .16, �p2 < .04.

With regard to emotional facial expressions, a main ef-
fect of Expression was observed, F(2,90) = 14.95, p < .001, 
�p

2 = .25, with happy and angry expression rated as more 
arousing than neutral faces, all ps < .001. Moreover, an in-
teraction Identity × Expression emerged, F(2,90) = 3.44, 
p < .05, �p2 = .07, showing that for partner pictures, happy 
and angry expressions were rated as more arousing com-
pared to neutral, all ps < .001. In contrast, unknown faces 
displaying angry expressions were more arousing than 
both neutral and happy expressions, all ps < .05. No differ-
ences were found between happy and neutral expressions 
in this subset of photographs, p = .19.

4.1.3 | Threat ratings

Pictures of unknown individuals were rated as more 
threatening compared to photographs of the romantic 
partner, Identity F(1,44) = 16.00, p < .001, �p2 =  .27. The 
interaction Identity × Group did not reach significance, 
F(1,44) = 3.7, p = .06, �p2 = .08.

Moreover, a main effect of Expression emerged, 
F(2,88) = 23.25, p < .001, �p2 = .35, showing angry expres-
sions as more threatening than both neutral and happy 
faces, all ps < .001. This effect varied as a function of the ex-
perimental group, Expression × Group F(2,88)  =  8.92, 
p < .001, �p2  =  .17. In the happy- threat group, only angry 
expressions were rated significantly more threatening than 
neutral faces, p < .001, but no difference emerged for the 
other comparisons, ps > .43. For the angry- threat group, T
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however, both neutral and angry faces prompted signifi-
cantly larger threat ratings as compared to happy expres-
sions, all ps < .05. Finally, angry expressions were also 
significantly more threatening than neutral faces, p < .001.

4.2 | Startle reflex

Contrary to our expectation, neither a main effect of Face 
Identity (partner vs. unknown), F(1,44)  =  .11, p  =  .75, 
�p

2 < .01, nor an interaction Identity × Group, F(1,44) = .26, 
p = .62, �p2 = .01, was found for the startle reflex.

Moreover, a main effect of Expression was found, 
F(2,88)  =  8.7, p < .001, �p2  =  .16, indicating potentiated 

startle reflex when viewing angry and happy facial expres-
sions relative to neutral expressions, all ps < .01, but no 
difference between angry and happy faces, p  =  1.0. 
Interestingly, this effect varied with threat instructions as 
evidenced by a significant Expression × Group interac-
tion, F(2,88)  =  18.18, p < .001, �p2  =  .29. As shown in 
Figure 2a (left panel), happy faces cueing threat potenti-
ated the startle reflex compared to both neutral (unin-
structed) and angry faces (cueing safety), all ps < .01. 
Similarly, angry faces cueing threat (Figure  2a, right 
panel) prompted significantly larger startle responses 
compared to happy (safety cues) and neutral (unin-
structed) expressions, all ps < .001. For both experimental 
groups, no differences were found between neutral and 
instructed safety expressions, all ps > .74.

F I G U R E  2  Mean amplitudes 
(95% CI) of the (a) startle reflex and 
(b) corrugator EMG show significant 
interaction effects as a function of 
facial Expression × Group (happy- 
threat vs. angry- threat signals). (c) Skin 
conductance responses and (d) phasic 
heart rate changes reveal this interaction 
effect across time (Expression × Group × 
Time). *p < .05, **p < .01, ***p < .001.
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8 of 14 |   MORATO et al.

4.3 | Corrugator EMG

An increase of corrugator (frowning) activity was ob-
served for unknown relative to loved faces, Identity 
F(1,43) = 19.65, p < .001, �p2 = .31. This effect developed 
across time, Identity × Time F(11,473)  =  5.72, p < .001, 
�p

2 =  .12, and showed significant differences at all time 
points, all ps < .01. There was no interaction of Identity × 
Group, F(1,43) = .45, p = .51, �p2 = .01.

As shown in Figure 2b, corrugator activity varied as a 
joint function of emotional expression and threat instruc-
tion, Expression × Group F(2,86) = 4.47, p < .05, �p2 = .09. 
Separate analysis of the angry- threat group showed in-
creased corrugator activity for angry relative to neutral 
and happy expressions, all ps < .05, whereas happy expres-
sions (signaling safety) were inhibited corrugator activity 
relative to neutral pictures, p < .001. In the happy- threat 
group, corrugator activity did not vary between facial 
expressions.

Moreover, an interaction Identity × Expression × Time 
emerged, F(22,946) = 4.56, p < .01, �p2 = .10 (see Figure 3a). 
Angry expressions of the partner elicited increased corru-
gator activity, whereas smiling partner pictures inhibited 
the frowning response. Pairwise comparisons revealed 
significant differences between happy and angry expres-
sions (seconds 1 to 5.5), happy and neutral (seconds 1 to 
6), and between angry and neutral faces (seconds 1.5 to 2), 
all ps < .05. In contrast, pictures of unknown faces elicited 
increased corrugator activity that was particularly pro-
nounced for angry relative to neutral and happy expres-
sions. Pairwise comparisons for each time point separately 
showed significantly enhanced activity for angry relative 

to happy (seconds 1 to 1.5) and neutral faces (seconds 1.5 
to 3.5 and 5 to 5.5), all ps < .05; no differences were found 
between happy and neutral expressions, all ps > .28.

4.4 | Zygomaticus EMG

The zygomaticus (smiling) activity was enhanced when 
viewing pictures of the partner as compared to unknown 
faces (see Figure  3b), Identity F(1,44)  =  19.91 p  =  .001, 
�p

2 = .31. This difference developed across time, Identity 
× Time F(11,484) = 17.57, p < .001, �p2 = .29, with signifi-
cant differences from 1 to 6 s after picture onset, all 
ps < .05. Interestingly, there were no main or interaction 
effects with Group, Fs <2.60, p > .10, �p2 < .06, suggesting 
that zygomaticus muscle was the only measure not modu-
lated by threat instructions.

With regard to emotional facial expressions, the zygo-
maticus activity revealed a main effect of Expression, 
F(2,88) = 10.93, p < .001, �p2 = .20, and significant interac-
tions Expression × Time, F(22,968)  =  7.05, p < .001, 
�p

2  =  .14, Identity × Expression, F(2,88)  =  8.64, p < .01, 
�p

2  =  .16, as well as Identity × Expression × Time, 
F(22,968) = 6.13 p < .01, �p2 = .12. Following- up the latter 
three- way interaction, pairwise comparisons show that 
partner pictures displaying a smile prompted significantly 
larger responses relative to neutral (secs 1 to 6) and angry 
faces (secs 1.5 to 6), all ps < .05. Angry and neutral partner 
expressions differed significantly from seconds 1 to 1.5, all 
ps < .05. For pictures of unknown faces, larger zygomati-
cus activity was observed for happy compared to neutral 
faces from seconds 2 to 4, all ps < .05.

F I G U R E  3  Mean amplitudes of 
the (a) corrugator and (b) zygomaticus 
muscle activity as a function of Identity × 
Expression × Time.
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4.5 | Skin conductance

For the skin conductance response, neither the main ef-
fect Face Identity, F(1,43) = .28, p = .60, �p2 = .01, nor any 
interaction involving Identity was significant, Fs <1.75, 
ps > .19, �p2 < .04.

In terms of emotional facial expressions, an interaction 
Expression × Group was observed, F(2,86) = 4.07, p < .05, 
�p

2 =  .09, which further tended to vary across time (see 
Figure 2c), Expression × Group × Time F(22,946) = 3.18, 
p = .05, �p2 = .07. For the happy- threat group, enhanced 
SCRs were observed for happy versus neutral faces (sec-
onds 4.5 to 6), all ps < .05, but no difference for the other 
comparisons, all ps > .054. With regard to the angry- threat 
group, SCRs were enhanced for angry compared to neu-
tral expressions (seconds 4 to 5), all ps < .05, no significant 
differences emerged for the other time points and compar-
isons, all ps > .052.

4.6 | Heart rate

Phasic heart rate changes did not vary with Face Identity 
or related interactions, Fs <2.22, ps > .12, �p2 < .05. As il-
lustrated in Figure 2d, pronounced HR changes emerged 
as a joint function of Expression × Time × Group, 
F(22,924)  =  4.67, p < .001, �p2  =  .1. In the happy- threat 
group, pairwise comparisons for each time point show sig-
nificant HR deceleration when viewing happy compared 
to angry faces (from 4 to 6 s after picture onset), all ps < .05. 
No further comparison reached significance, all ps > .08.

For the angry- threat group, a pronounced HR decelera-
tion was observed when viewing angry faces compared to 
happy (1.5 to 6 s) and neutral expressions (2.5 to 5 s), all 
ps < .05. No differences were found in this group between 
happy and neutral faces, all ps > .33.

5  |  DISCUSSION

The present study examined whether happy and angry 
facial expressions of a romantic partner or an unknown 
person differentially serve as threat or safety cues. Results 
show that threat learning through verbal instructions 
leads to pronounced psychophysiological defensive re-
sponses. Specifically, instructed threat faces were rated 
as more unpleasant, arousing, and threatening relative 
to safety cues. Regarding physiological response mark-
ers, threat- potentiated startle reflex and more corrugator 
frowning activity was found for threat relative to safety 
cues. Moreover, enhanced skin conductance responses 

and pronounced heart rate deceleration were observed for 
instructed threat cues. Importantly, all threat effects oc-
curred regardless of face identity and expression, suggest-
ing that happy and angry facial expressions of loved and 
unknown persons served equally well as instructed threat 
cues. Together, these data indicate that pictures of (smil-
ing) loved ones do neither constitute a prepared safety sig-
nal nor impede threat learning.

When told that someone might be dangerous (i.e., asso-
ciated with aversive events), psychophysiological defense 
systems are activated when confronted with that person. 
The present findings support this notion and replicate pre-
vious work using facial stimuli and the instructed threat- 
of- shock paradigm (Bublatzky et al.,  2018, 2019, 2020; 
Grillon & Charney, 2011; Morato et al., 2021). Specifically, 
threat cues effectively activated the somatic (i.e., potenti-
ated startle reflex and increased corrugator “frowning” ac-
tivity) and the autonomic nervous system (i.e., enhanced 
skin conductance responses and phasic deceleration of 
the heart rate). Importantly, and replicating one previ-
ous study, this defense activation emerged regardless of 
whether the romantic partner or an unknown individual 
indicated threat or safety (Morato et al., 2021). Moreover, 
happy and angry facial expressions were equally capa-
ble of cueing instructed threat (cf. Bublatzky et al., 2018, 
2019). Thus, the intrinsic affective meaning of a face 
picture (e.g., displaying a loved person smiling) can be 
readily changed by verbal instructions and trigger defen-
sive response programs. The only physiological measure 
that did not vary with threat/safety instructions was the 
zygomatic muscle, which reflects no modulation of the 
smiling activity in the face of threat (Morato et al., 2021). 
Thus, physiological systems that are involved in defensive 
and withdrawal behavior faithfully respond to potentially 
threatening situations. Regardless of which person and/
or facial expression signals threat to the observer, a “better 
safe than sorry” strategy appears adaptive.

Subjective ratings and physiological responding partly 
converged in response to instructed threat learning. For 
instance, when a smiling person signals threat, this per-
son is considered as more pleasant than an angry facial 
expression. On the physiological side, however, the star-
tle reflex is similarly potentiated for happy and angry fa-
cial expressions cueing threat (similar to affective scenes; 
Bradley et al., 2005). Such partial incongruence between 
subjective (self- reported) and physiological response lev-
els is a well- known phenomenon (e.g., Lang et al., 1997; 
Morato et al.,  2021) and may reflect controversial situa-
tions in which one thinks “all is good” but still experiences 
strong bodily symptoms (e.g., during a panic attack). Such 
discrepancies have been found also with other measures 
varying as a function of social support or the physical 
presence of others. For instance, in a cold- pressor pain 

 14698986, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/psyp.14273 by U

niversidad D
e G

ranada, W
iley O

nline L
ibrary on [22/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense
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task, attenuated subjective pain has been observed during 
a social support condition with the presence of another 
person (Duschek et al., 2020; Edwards et al., 2017).

Looking at pictures of loved ones has a great impact 
on the functioning of the somatic and autonomic nervous 
systems. In a safe context, viewing loved ones is consis-
tently associated with increased zygomaticus “smiling” 
and decreased corrugator “frowning” activity (Guerra 
et al., 2011; Guerra, Vico, et al., 2012; Vico et al., 2010). One 
study even found attenuated defensive startle reflex when 
viewing loved ones (Guerra, Sánchez- Adam, et al., 2012). 
However, this latter effect could not be replicated in recent 
work as well as the present study (Bublatzky et al., 2022; 
Morato et al.,  2021). In addition, enhanced skin con-
ductance responses and a triphasic change in heart rate 
(deceleration- acceleration- deceleration) indicate changes 
in autonomic nervous system activity when viewing 
pleasant stimuli (e.g., erotic scenes, loved faces or names; 
Bradley et al.,  2001; Guerra, Vico, et al.,  2012, Guerra, 
Sánchez- Adam, et al.,  2012; Lucas et al.,  2019). Within 
a threatening context, however, this response pattern 
changes and a potentiated startle reflex, an increased cor-
rugator activity, and a pronounced heart rate deceleration 
were observed, indicating defensive response preparation 
(Bublatzky et al., 2022; Morato et al., 2021). Here, the zy-
gomatic muscle was the only measure that was not mod-
ulated by threat instructions, reflecting that this muscle is 
involved in approach- related but not threat- related facial 
behavior.

Consistent with these findings, our study did not 
support the notion that looking at one's own smiling 
(or angry) romantic partner reduced (or enhanced) the 
impact of instructed threat. In fact, when serving as 
threat cues, pictures of unknown faces as well as loved 
ones led to similarly pronounced threat effects (i.e., po-
tentiated startle reflex, enhanced skin conductance re-
sponses, and deceleration of the heart rate; cf. Bublatzky 
et al.,  2022; Morato et al.,  2021). These findings are in 
contrast with recent studies that suggested attachment 
figures could act as prepared safety cues. For instance, 
Hornstein et al.  (2016, 2017) reported that supportive 
others were more difficult to acquire aversive features 
using a classical conditioning protocol. While diverging 
findings may relate to different experimental protocols 
(e.g., classical conditioning vs. instructional learning; 
selection criteria of loved ones or supportive others), ac-
cumulating evidence suggests that facial images of loved 
ones are not shielded from becoming socially learned 
threat cues (see also Morato et al., 2021).

From a more general learning perspective, several as-
pects of the present study design are particularly note-
worthy in addition/contrast to classical (Pavlovian) 
conditioning procedures. First, using the threat- of- shock 

paradigm, participants are explicitly informed and there-
fore fully aware about threat/safety contingencies. Closely 
related, second, is that these verbal threat/safety instruc-
tions work without shock application during the experi-
ment, and even without shock work- up procedures (e.g., 
Arnold et al., 2021; Costa et al., 2015; Schellhaas et al., 2020, 
2022). Thus, threat learning occurs at a 0% shock rein-
forcement rate, and accordingly, the omission of shocks 
during the course of the experiment does not necessarily 
lead to rapid extinction learning, as in classical condi-
tioning designs (depending on the reinforcement sched-
ule). In fact, instructed threat effects have been shown to 
persist within and even across repeated test days without 
experiencing any electric shocks (Bublatzky et al.,  2013, 
2014, 2022). Third, the cognitive representation of threat 
associations implies a strong anticipatory component and, 
accordingly, a high degree of uncertainty and prediction 
error regarding the occurrence of shocks (e.g., Atlas, 2019; 
Holland & Schiffino, 2016; Iordanova et al., 2021). Thus, 
the instructed threat paradigm is particularly useful for 
examining the effects of an uncertain or presumed threat, 
as seen, for example, in worry and apprehension in gen-
eralized and anticipatory anxiety, but also in stereotyping 
and prejudice towards strangers (Amodio, 2014; Bublatzky 
et al., 2020; Golkar & Olsson, 2017).

Finally, our findings on instructed threat and safety 
learning add to recent research on Pavlovian safety learn-
ing (for reviews see Grasser & Jovanovic, 2021; Laing & 
Harrison, 2021; Laing et al., 2022), pointing to the power 
of “mere” verbal instructions to override prior affective 
meaning. Here, the use of personalized stimulus mate-
rials can contribute to understanding the workings of 
safety learning. For example, studies have shown that 
fear- relevant stimuli can be conditioned as threat inhib-
itors even in animal- phobic participants (e.g., snakes as 
a safety signal; McNally & Reiss,  1982, 1984; Wilkinson 
et al., 1989); similarly, the present results show that safety- 
relevant loved faces can also be learned as threat cues. 
Thus, if the concept of preparedness were applicable to 
images of loved familiar people, verbal instructions could 
easily override this hypothetical preparedness. A focus on 
the social- affective processes involved in the extinction of 
cognitive aspects of fear and anxiety (e.g., social support, 
interaction style, relationship status and quality) may be 
particularly informative for improving treatment- resistant 
anxious and stress- related psychopathology.

Apart from learning mechanisms, several studies 
have reported positive effects of viewing loved ones. 
For instance, lower physical pain perception (Duschek 
et al., 2020; Master et al., 2009; Younger et al., 2010), re-
duced endocrine stress responses (Eisenberger et al., 2007), 
and better recovery from medical intervention have 
been observed in the presence of social supporters (e.g., 
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Cacioppo & Cacioppo, 2014; House et al., 1988). Here, fu-
ture research could explore the question of what makes a 
social relationship supportive. Is it the physical presence 
or absence, the type of prosocial or helping behavior (e.g., 
social touch; Eckstein et al., 2020; Goldstein et al., 2016), 
or the identity of the person offering support (e.g., roman-
tic partner or parents)?

In summary, the present study examined psychophysio-
logical defensive responses as a function of personal relevant 
faces, facial expression, and social threat and safety learning. 
Main findings reveal that neither the personal relevance of 
a face (displaying a loved or an unknown person) nor its fa-
cial expression serving as threat/safety cue (smile or angry 
expression) modulates defense activation. Specifically, the 
smiling romantic partner as well as the angry unknown 
face served equally well as threat or safety signals. Together, 
these findings demonstrate the flexible nature of facial in-
formation that can be readily learned as signals for threat or 
safety even when displaying loved ones.
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