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Abstract

Accurate recognition of the emotions of other people is essential for successful
human interactions. Previous studies showed inconsistent results of the im-
pact of acute psychosocial stress on emotion recognition. Thus, the present
study aimed at investigating the influence of psychosocial stress on the recog-
nition of facial emotional expressions of different valance. Eighty-eight par-
ticipants were randomly assigned to one of two experimental groups: stress
(exposure to the Trier Social Stress Test) and control. Participants of both
groups completed a facial emotion recognition test before and after the ma-
nipulation. The results demonstrated an enhancement in emotion recognition
in the stress group but not in controls. Further analyses revealed that while
stress enhanced the accurate recognition of anger, happiness, surprise, and
neutral/calmness, it impaired the recognition of fear and had no effect on the
recognition of sadness and disgust. The findings are discussed in light of evo-
lutionary assumptions regarding differential processing mechanisms of emo-
tion expressions.
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1. Introduction

Success in social interaction greatly depends on individuals’ social cognition. So-
cial cognition refers to the mental operations underlying social relationships and
includes the capacity to understand and attribute ourselves as well as others with
feelings, thoughts, and beliefs (Smeets, Dziobek, & Wolf, 2009). Two of the main
domains of social cognition are empathy and facial emotion recognition (Cusi,
Nazarov, Holshausen, Macqueen, & McKinnon, 2012). Empathy is a complex

construct involving the capacity to understand the perspective and intentions of
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others (Baron-Cohen, 2003), whereas facial emotion recognition is a more basic
ability to accurately perceive emotions. It is assumed that facial expression
evolved in cooperative societies and has numerous adaptive consequences
(Sacco & Hugenberg, 2009), including the ability to accurately identify threat
signals and therefore select avoidance strategy (Brown & Moore, 2002), and the
ability to accurately perceive displays of fear in order to better communicate
danger (Reed & DeSciolo, 2017).

Importantly, the processes underlying social cognition may be altered under
conditions of stress as do many human attentional, perception, and response
mechanisms (Staal, 2004). Indeed, stress-induced alterations in learning and
memory are well-documented in both humans and laboratory animals (LaBar &
Cabeza, 2006; Lupien, Maheu, Tu, Fiocco, & Schramek, 2007; Roozendaal, Oku-
da, de Quervain, & McGaugh, 2006; Schoof, Preuf$, & Wolf, 2008; Shields, Saz-
ma, & Yonelinas, 2016; Wolf, 2006). Some of these studies found enhancement
and some found impairment in performance, an inconsistency that may be
partly explained by variables such as the type and magnitude of the stressor used
in various studies. However, the impact of stress on the different aspects of social
cognitions has been less extensively studied.

Studies focusing on facial emotion recognition following exposure to stress
show inconsistent results, with some demonstrating higher accuracy on emotion
recognition after stress induction compared to baseline, while others do not pro-
vide support to this finding. For example, in a study using the cold pressor test
(CPT)—a psychophysiological stressor in which participants are instructed to
place their hand in ice-cold water, men who scored low on the hostility scale and
who were stressed through the CPT perform slightly worse in facial emotion
recognition task than non-stressed participants (Herridge, Harrison, Mollet, &
Shenal, 2004).

Another line of studies focused on the use of psychosocial stressors. Psy-
chosocial stress is defined as a moderate stress, and is commonly used in human
studies due to its relevance to what humans encounter on a daily basis (Corbett,
Weinberg, & Duarte, 2017). In an Internet-based experiment, participants were
randomly assigned to the experimental groups (stress, support) or the control
group. The stress manipulation was induced through the feedback and the for-
mulation of instruction each group received. Stress-impaired facial emotion
recognition was found in the stress group compared with the controls (Hanggi,
2004). Particularly common is the use of the Trier Social Stress Test (TSST; Kir-
schbaum Pirke, & Hellhammer, 1993), the most validated tool for inducing psy-
chosocial stress (Skoluda et al., 2015). The TSST consists of a free speech task
and a mental arithmetic task in front of an audience. Studies examining the im-
pact of the TSST on emotion recognition provide inconsistent results. Specifi-
cally, Deckers et al. (2015) and colleagues found TSST-induced enhancement in
emotion recognition on various emotional facial expressions (anger, disgust,

fear, happiness, sadness, and surprise) in healthy participants as well as in pa-
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tients with borderline personality disorder; while Li, Weerda, Milde, Wolf, &
Theil (2014), examining the identification of neutral and fearful expressions,
found no evidence for such enhancement. Furthermore, Wolf et al. (2015) found
that while exposure to the TSST enhanced emotional empathy (which describes
the participant’s emotional response to another person’s emotional state), it had
no effect on emotion recognition.

The adaptive mechanisms of human processing of emotional stimuli under
stress circumstances are crucial for our survival. Given the inconsistencies in
previous studies, the current study aimed at investigating the impact of acute
psychosocial stress exposure, using the TSST, on facial emotion recognition.
Furthermore, the present study aimed at differentiating between different facial
expressions, as it has been proposed that there is an evolutionary advantage in
attending to negative emotional stimuli (negativity bias) in order to detect and
survive threats (Hamann, 2001). Previous studies provided support for this as-
sertion showing that threatening faces, such as angry faces, are attended more
than positive or neutral faces (Bannerman, Milders, & Sahraie, 2010; Huang,
Chang, & Chen, 2011). However, studies investigating the negativity bias fol-
lowing stress provided mixed results. For example, Oei (2012) and colleagues
found enhanced negativity bias in participants following the TSST, whereas Wolf
et al. (2015) did not demonstrate any valence-specific effects, with participants
demonstrating enhancement in affective empathy for both positive and negative
emotions. van Marle, Hermans, Qin, & Ferndndez (2009) attributed amygdala
shifts from selective response to angry and fearful faces in the control group to
indiscriminative response to happy faces as well as angry and fearful faces in the
stress-exposed group. The authors proposed that the automatic processing of the
amygdala concerning potentially threatening signals from the environment often
results in false positive errors, especially under stress conditions. In particular,
happy faces are commonly portrayed as “flashing” exposure of white teeth, and
thus may be processed as potentially threatening. In sum, the hypothesis of the
current study was that exposure to the TSST will enhance the detection of po-
tentially threatening emotions (angry, surprised, happy) while not affecting the
detection of non-threatening stimuli (neutral, calm). As fearful facial expressions
are negative but do not indicate a direct threat posed by the person expressing it
(Marsh, Ambady, & Kleck, 2005), we predicted that the TSST will not affect the

detection of this emotion.

2. Methods
2.1. Participants

Eighty-eight men and women participated in the present study. The mean age
was 23.77 (SD = 2.90). Participants were recruited from among college students
by advertisements. After signing an informed consent form, the volunteers com-
pleted a questionnaire regarding their health, habits, and demographic details to

verify that they met the inclusion criteria: no serious medical, gynecological, or
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hormonal problems; non-smokers. The Institutional Ethics Review Board ap-

proved the complete study protocol.

2.2. Experimental Procedure

Experimental sessions took place in the laboratory of the Psychology Depart-
ment between 8 AM and 10 AM. Participants were randomly assigned to one of
two experimental groups: stress (N = 45) and control (N = 43). The stress ses-
sion comprised the following three consecutive stages: 1) completion of the fa-
cial emotion recognition task (5 minutes); 2) the Trier Social Stress Test proce-
dure (20 minutes); and 3) completion of the same task as stage A (20 minutes).
The non-stress control group completed a non-stressful control task of equal
duration (reading the entry “England” in Wikipedia silently, reading the entry

“transport in Israel” out loud, and counting out loud, but alone in a room).

2.3. Trier Social Stress Test

Psychological stress was induced by employing the TSST procedure (Kir-
schbaum et al., 1993). This procedure consists of a stress task that includes 5
minutes of free speech (a simulated job interview for the participant’s “dream
job”) and 5 minutes of a mental arithmetic task, both conducted in front of a
committee composed of a man and a woman sitting at a distance of 1.5 m and a
video camera. At the beginning of the procedure, the participants were in-
structed by the committee regarding the task at hand, were notified that the
performance will be recorded for subsequent behavioral analysis, and then taken
to a second room in which they had 10 minutes to formulate the speech alone.
Next, the participants entered the committee room in which they carried out the
free speech task and the arithmetic task. In total, the procedure, including the

preparation phase, took approximately 20 minutes.

2.4. Facial Emotion Recognition Task

The emotion recognition task measures six basic emotional expressions: anger,
fear, disgust, surprise, sadness, and happiness, together with two expressions:
calmness and neutral (calculated as one score: Markovits, Trémoliére, & Blan-
chette, 2018). The faces were taken from the NIMSTIM (Tottenham et al., 2009).
The task included 20 trials presented in random order (conducted through three
different versions). On each trial participants were requested to select one of

four possible answers. Correct responses were summed.

2.5. Statistical Analyses

Emotion recognition scores before and after the TSST were not normally distri-
buted and were thus subject to logl0 transformation that normalized their dis-
tribution.

Mixed ANOVA was used to test the hypothesis regarding stress impact on

emotion recognition scores with time (pre- and post-TSST) as a within subject
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independent variable, and group (stress, control) as a between subject indepen-
dent variable, and with “version” as covariate.

In order to test the hypothesis regarding the differential influence of stress on
each emotion, recognition scores on each emotion were analyzed via series of
repeated measures analyses of variance (time x group).

In order to examine former suggestions regarding a female advantage in emo-
tion recognition (e.g., Kirkland, Peterson, Baker, Miller, & Pulos, 2013), a series
of three-way repeated-measures analyses of variance with sex (male, female) x
group (stress, control) x time (before and after TSST) on emotion recognition

(general and differential) were conducted.

3. Results

To examine whether stress influenced general emotion recognition performance
a two-way repeated-measures analysis of variance with group (stress vs. control) x
time (before and after TSST or the control manipulation) and test version as co-
variate was conducted. The interaction group x time for general emotion recog-
nition performance was significant [A1, 85) = 28.13, p < 0.001; 77§ = 0.25].
Decomposing the interaction revealed a significant effect of time on emotion
recognition performance in the stress group [#(44) = 6.44, p < 0.001, Cohen’s d=
1.00]. Performance of the stress group was enhanced after stress induction
(M(pre) = 1.23, SD = 0.03; M(post) = 1.26, SD = 0.03), whereas no significant
difference [#42) = 1.77, p > 0.05, Cohen’s d = 0.25] was found in the control
group (M(pre) = 1.25, SD = 0.03; M(post) = 1.24, SD = 0.04).

To examine whether stress influenced each specific emotion recognition per-
formance a series of two-way repeated-measures analyses of variance with group
(stress vs. control) x time (before and after TSST or the control manipulation)
and test version as covariate were conducted. The interaction group x time for
fear recognition was significant [ A1, 72) = 5.16, p < 0.05; nyJ = 0.07]. Decom-
posing the interaction revealed a significant effect of time on fear recognition in
the stress group, but not in the control group. Performance of the stress group
deteriorated after stress induction (see Table 1). The interaction effects for an-
ger, happiness, surprise, and neutral/calmness were also significant [ A1, 84) =
14.02, p < 0.001; 72 =0.14; A1, 85) = 21.49, p < 0.001; 1> =0.20; A1, 82) =
13.81, p< 0.001; 775 =0.14; A1, 85) = 6.96, p< 0.05; 775 = 0.08, respectively].
The pattern of change was reversed: performance was enhanced after stress in-
duction in the stress group, whereas no significant effect was found for the con-
trol group. The interaction effects for sad and disgust were not significant [ A1,
83) = 3.37, p> 0.05 n; =0.04; K1, 84) = 2.15, p> 0.05; 1. = 0.03, respec-
tively].

Sex Differences

A series of three-way repeated-measures analyses of variance with sex (male, fe-

male) X group (stress, control) x time (before and after TSST) on emotion
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Table 1. Means (SD), SD, paired samples t-test, and effect sizes (Cohen’s d).

Stress Control
t d t d
Pre-TSST Post-TSST Pre-manipulation Post-manipulation

Fear 0.45 (0.09) 0.28 (0.18) 5.02*** 0.76 0.24 (0.16) 0.18 (0.18) 1.89 0.33

Anger  0.35(0.14) 0.44 (0.09) 3.68** 0.05 0.45 (0.06) 0.43 (0.11) 1.1 0.20

Happiness 0.36 (0.11) 0.46 (0.05) 5.1 0.77 0.46 (0.06) 0.45 (0.06)  0.37 0.00

Sadness  0.23 (0.13) 0.27 (0.10) 1.63 0.24 0.29 (0.05) 0.28 (0.08)  1.43 0.02

Disgust  0.41 (0.09) 0.46 (0.08) 2.88** 0.50 0.45 (0.06) 0.46 (0.08)  0.33 0.09

Surprise  0.21 (0.14) 0.30 (0.00) 4.29%"* 0.64 0.30 (0.00) 0.30 (0.00)  0.00 0.00
Neutral,

eutrall 53 (0.09) 0.28 (0.05) 269 0.1  0.28 (0.05) 0.27 (0.06)  1.08 0.17
Calmness

*p < 0.05, **p < 0.01, ***p < 0.001. Note: All scores are log10 transformed.

recognition (general and differential) were conducted. No significant main effect
for sex was found, nor sex x group x time interaction for general as well as for

each emotion recognition (p > 0.05).

4. Discussion

The present study aimed at investigating the impact of stress exposure on emo-
tion recognition enhancement. Specifically, the present study investigated whether
exposure to acute psychosocial stress influences general emotion recognition,
and further investigated whether this enhancement pattern is unified across
emotions, or differentiated to facial expressions associated with potential threat
signals to the individual.

The present findings showed that exposure to acute psychosocial stress gener-
ally enhances facial emotion recognition. This is in line with previous findings
demonstrating enhancement in emotion recognition on various emotional ex-
pressions (anger, disgust, fear, happiness, sadness, and surprise) in healthy par-
ticipants as well as in patients with borderline personality disorder following the
TSST (Deckers et al., 2015). However, some studies did not show enhancement
in emotion recognition following exposure to acute stress (for example, Li et al.,
2014). Future studies should pursue investigating the specific conditions under
which the enhancement in emotion recognition takes place. Given the diversity
in stressors used (e.g., TSST vs. CPT) and emotion recognition tests (e.g., Read-
ing in the Eyes Test: Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001, vs.
facial emotion recognition tasks), future studies should control these variables in
order to uncover the influence pattern of acute stress on emotion recognition. It
is important to note that while the present study investigated the potential role
of acute stress on emotion recognition enhancement, studies focusing on the in-
fluence of chronic stress found an inhibitory effect rather than enhancement.
For example, studies on individuals exposed to early traumatic experiences
showed deficits in emotion recognition including deviant brain response (e.g.,
Curtis & Cicchetti, 2013; Lieslehto et al., 2017). Overall, the findings of the
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present study suggest that acute stress results in greater attendance to emotional
cues, which is in line with the evolutionary framework suggesting that the ability
to detect and assess potential threats under adverse conditions is essential to our
survival (McEwen, 2007).

Participants in the stress group showed enhancement in emotion recognition
of anger, happiness, surprise, and neutral/calmness emotions, whereas performance
worsened for fear. Stress did not affect performance for sadness and disgust. The
findings concerning the enhanced detection of anger and surprise are partly in
line with previous findings suggesting elevations in accuracy of threat-related
signals following stress. For example, Bechtoldt & Schneider (2016) found higher
accuracy in recognition of fear and anger (high-arousal negative emotions)
compared to sadness and disgust (low-arousal negative emotions). In the present
study, however, deterioration in performance was found for fear. Perhaps a
fine-tuning distinction in threat-related stimuli is needed. Detection of anger is
crucial for survival. Therefore the enhancement found in the present study as
well as in former studies is in line with the evolutionary framework suggestion as
an adaptive mechanism of detection of threat-related signals. The findings re-
garding fear are more difficult to explain. Fearful signals suggest the existence of
an indirect potential threat in the environment but do not contain direct threat
signals to the individual. This finding is in line with previous studies in animals
and humans, showing differential processing mechanisms for fear and anger ex-
pressions. Although fear and anger facial expressions are both perceived as con-
taining threat signals, results in animals and humans suggest that they elicit di-
vergent responses. For example, subordination or fear displays in social species
appear nonthreatening and keep them from dominant members’ aggression (Blair,
1995; Preuschoft, 1999). Marsh et al. (2005) and colleagues found that anger and
fear expressions affected opposite motoric responses among students. While an-
ger expressions resulted in responses associated with avoidance-related beha-
viors, fear expressions resulted in responses associated with approach-related
behaviors. The enhanced performance on happy faces detection in the stressed
group was also unexpected. However, van Marle et al. (2009) suggested that
happy faces are portrayed as “flashing” exposure of white teeth, and may be
processed as potentially threatening to the stressed individual. They have dem-
onstrated amygdala shifts from selective response to angry and fearful faces in
the control group, to indiscriminative response of happy faces as well in the ex-

perimental group exposed to stress.

5. Conclusion

In sum, an emotion-dependent enhancement or deterioration in performance
was found in the present study, suggesting that the impact of stress on emotion
recognition is not unified across emotions. Since emotion recognition is a core
component in social interactions, unraveling the distinct processing mechanism

of each emotion under stress conditions will deepen our understanding of the
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variability in interpretation and behavioral aspects in social interactions. Mod-
ern life mainly challenges humans with psychosocial stressors. Therefore, the
present study used the most validated measure of psychosocial stress, namely the
TSST, which has been proven to elicit the highest psychological and physiologi-
cal responses to stress (Skoluda et al., 2015). Nevertheless, people vary in the way
they perceive psychosocial stress. Future studies should examine this variable
together with various types of stressor and emotion valence in order to explore
this ensemble and its role in individual differences in emotion recognition under

stressful social situations.
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