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Women nearly twice as often develop social anxiety disorder (SAD) compared to men. The reason for this difference is still being debated. The present study investigates gender differences and the effect of male versus female agents in low (LSA) and high socially anxious (HSA) participants regarding the acquisition and extinction of social fear in virtual reality (VR). In a social fear conditioning (SFC) paradigm, 60 participants actively approached several agents, some of which were paired with an aversive unconditioned stimulus (US) consisting of a verbal rejection and spitting simulated by an aversive air blast (CS+), or without an US (CS−). Primary outcome variables were defined for each of the 4 levels of emotional reactions including experience (fear ratings), psychophysiology (fear-potentiated startle), behavior (avoidance), and cognition (recognition task). Secondary outcome variables were personality traits, contingency ratings, heart rate (HR), and skin conductance response (SCR). As hypothesized, fear ratings for CS+ increased significantly during acquisition and the differentiation between CS+ and CS− vanished during extinction. Additionally, women reported higher fear compared to men. Furthermore, a clear difference in the fear-potentiated startle response between male CS+ and CS− at the end of acquisition indicates successful SFC to male agents in both groups. Concerning behavior, results exhibited successful SFC in both groups and a general larger distance to agents in HSA than LSA participants. Furthermore, HSA women maintained a larger distance to male compared to female agents. No such differences were found for HSA men. Regarding recognition, participants responded with higher sensitivity to agent than object stimuli, suggesting a higher ability to distinguish the target from the distractor for social cues, which were on focus during SFC. Regarding the secondary physiological outcome variables, we detected an activation in HR response during acquisition, but there were no differences between stimuli or groups. Moreover, we observed a gender but no CS+/CS− differences in SCR. SFC was successfully induced and extinguished according to the primary outcome variables. VR is an interesting tool to measure emotional learning processes on different outcome levels with enhanced ecological validity. Future research should further investigate social fear learning mechanisms for developing more efficient treatments of SAD.
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INTRODUCTION

Social Anxiety Disorder and Social Fear Conditioning

According to the DSM-5, social anxiety disorder (SAD) is characterized by a persistent fear of one or more social or performance situations in which the person is exposed to unfamiliar people or to possible scrutiny by others, which is often associated with avoidance of social situations (American Psychiatric Association American Psychiatric Association [APA], 2013). With an odds ratio of 1.5–2.2, SAD is nearly twice as prevalent in women than in men (Fehm et al., 2005). Further empirical evidence on gender differences indicates that psychosocial stress affects fear conditioning in men and women differently (Jackson et al., 2006; Zorawski et al., 2006).

Research on fear and anxiety investigates the mechanisms of emotional learning across species with the purpose of improving treatments tackling the severe effects of anxiety disorders in humans. Many researchers use classical fear conditioning, which has been extensively investigated in animals and in healthy and phobic humans. Such learning paradigms use pairings with an initially neutral stimulus (NS) and an aversive unconditioned stimulus changing the NS to a conditioned stimulus (Mertens et al., 2018). However, there are also other conditioning paradigms of aversive learning involving contextual stimuli (Glotzbach-Schoon et al., 2013; Shiban et al., 2013), generalization processes (Lissek and Grillon, 2010; Vervliet and Geens, 2014; Andreatta et al., 2017) or more complex operant or instrumental conditioning, in which behavior is learned by its consequences (Lissek et al., 2005; Shiban et al., 2015; Reichenberger et al., 2017).

In a single-cue conditioning procedure, anxiety patients present enhanced fear conditioning to CS+ compared to healthy humans (Lissek et al., 2005). In a review, Duits et al. (2015) reported increased fear responses to CS− stimuli during fear conditioning and stronger fear responses to CS+ stimuli during fear extinction in anxiety patients compared to healthy controls. In contrast, Ahrens et al. (2015) suggest that patients with SAD exhibit no generally enhanced conditionability but distinguish in discrimination learning of CS+ and CS− (non-reinforced stimuli) and in terms of resistance to extinction compared to healthy controls. Following this, Ahrens et al. (2016) indicate that it is important to differentiate between individual stimuli in order to save resources and to decrease unnecessary fight-or-flight responses or avoidance behavior if there is no threat. Hermann et al. (2002) showed that SAD patients exhibited an enhanced US expectancy during acquisition, especially for the CS−, which indicates an overgeneralization of the conditioned emotional response and contributes to the etiology of SAD. Ahrens et al. (2016) detected that SAD is not characterized by strong overgeneralization but by discrepancies in fear responses to conditioned and generalized threat stimuli.

Due to the use of stimuli with low ecological validity regarding the nature of SAD in most published studies, it is still being debated if socially anxious humans respond more sensitively to socially relevant stimuli. Ahrens et al. (2015) indicated a potentially impaired ability of highly socially anxious participants to discriminate between relevant and irrelevant social stimuli. The social relevance of the US might play a significant role in fear learning, therefore a disorder-relevant US should be used to examine affective learning in SFC paradigms (Lissek et al., 2008). Fear learning outside of the lab hardly exists to simple sensory cues, like geometric, facial or electrical stimuli, but contains more complex stimuli which vary between psychopathological dysfunctions (Ahrens et al., 2016). Furthermore, Ahrens et al. (2016) suggest that fear conditioning in high socially anxious persons or SAD patients can not only be induced by effectively non-social US (e.g., electrical stimuli), but also by social stimuli, like critical facial expressions with verbal feedback (Lissek et al., 2008), isolated verbal comments (Ahrens et al., 2015) or spitting with verbal rejection (Reichenberger et al., 2017).

Many researchers demand an expansion of the human fear conditioning paradigm by comprising behavioral tendencies as a significant index of fear and focusing more on uncertain than strong fear learning situations, such as contained in single-cue or differential fear conditioning (Lissek et al., 2006; Glotzbach et al., 2012; Beckers et al., 2013). Following this, it is important to construct situations with an amount of complexity and uncertainty. Furthermore, individual factors, e.g., personality traits and dispositions, should be emphasized more in future research as they are predictive for the development of anxiety disorders (Beckers et al., 2013).

The conceptual−theoretical model for SAD (Rapee and Heimberg, 1997) suggest a coupling of a cue (e.g., facial expression, verbal rejection) or situation (e.g., a social situation), emotional and physiological reactions (e.g., fear-potentiated startle reaction), behavior (e.g., approach-avoidance behavior), and cognitions (e.g., threat thoughts). In the following paragraph, each aspect will be explained in more detail in light of social fear conditioning.

Social Situations

According to core fear in SAD (see DSM-5 definition of SAD, American Psychiatric Association American Psychiatric Association [APA], 2013) empirical research should investigate social or performance situations in which the person is exposed to possible scrutiny by others. However, in vivo studies make a great effort in planning and organizing a social situation, there is less control over the situation or a counterpart (e.g., social skills training), as well as a higher inhibition threshold for patients (e.g., in vivo exposure therapy). In VR participants have the ability to interact with diverse stimuli (e.g., human agents) and their environment similar to an in vivo social situation. Hence, SFC in VR offers a great benefit to simulate social interactions with a high controllability and thereby to enhance ecological validity compared to traditional cue-conditioning. VR conveys the feeling of being present in the virtual situation by providing immersive sensory perceptions and allowing interactions with the virtual environment. The feeling of presence might be a crucial factor to investigate social interactions and social fear as it is relevant in real life situations (Diemer et al., 2015). Our SFC paradigm offers basic social interaction opportunities between the participant and the agent (e.g., eye contact, self-regulated movement of the avatar and movement toward the agent). In addition, the facial expressions of the agents are paired with a verbal rejection in order to enhance the US (see Reichenberger et al., 2017). Besides many further advantages with VR, e.g., realistic, standardized environment in an economic and easily administrable manner, the results of conditioning processes in VR are hugely satisfying (Huff et al., 2010).

Emotional and Physiological Reactions

According to Lang’s fear response system (Lang, 1968), following outcome measures of conditioned fear are commonly used in fear conditioning: subjective, physiological, and behavioral fear responses (Mertens et al., 2018). In VR we can directly measure the reactions of the participants to the stimuli via subjective verbal ratings (e.g., fear and contingency ratings), physiological (e.g., fear-potentiated startle, electrodermal activity or electrocardiographic) and behavioral data (Mühlberger et al., 2006, 2007; Powers and Emmelkamp, 2008; Shiban et al., 2013; Kinateder et al., 2015). Physiological outcome measures are commonly applied and offer the advantage of being less conscious and less vulnerable to bias in comparison to subjective reports (Lonsdorf et al., 2017). For example, fear-potentiated startle is a less cognitive index of fear than verbal ratings, but also than skin conductance responses (SCRs) (Lipp et al., 2003; Mallan et al., 2009; Beckers et al., 2013).

Behavior

According to Beckers et al. (2013) another important outcome measure is the behavioral fear response in anxiety research. Commonly, an adaptive behavioral strategy is to avoid threatening or unpleasant events. Nevertheless, excessive threat-avoidance is a central diagnostic feature and a known risk factor for the acquisition and maintenance of anxiety disorders (Dymond et al., 2012). Socially anxious humans are more likely to avoid new social situations if aversive consequences occur (Mineka and Oehlberg, 2008). However, individuals with SAD do not always avoid social situations, but sometimes endure them with high levels of distress (Hofmann et al., 2009). Mertens et al. (2018) demonstrate that measuring behavioral fear responses typically involve the physical distance to and the degree of interaction with the CSs using behavioral approach tests (e.g., time for approaching, pressing a button to remove the stimulus or to avoid the US, attentional bias). Besides gender differences in the prevalence of SAD, the gender of the counterpart might also be an influencing factor in the behavioral fear response. In their study on distance in social interactions in VR, Iachini et al. (2014) showed that participants of both genders approach females more closely than male agents. Interpersonal space is defined as a safety space contributing to protect the body from an external threat (Iachini et al., 2014, 2016; Cartaud et al., 2018). Social anxiety is characterized by a prevalence of enlarged interpersonal space for pleasant social interaction (Cartaud et al., 2018). Moreover, Åhs et al. (2015) showed that interpersonal defensive boundaries increase with aversive learning.

Cognitive Processing

Cognitive models of SAD suggest self-perception as an important maintaining factor of the disorder (Clark and Wells, 1995). Individuals with SAD are characterized by negative cognitions like a negative view of themselves and their social skills in social interactions in detail. A further frequently occurring phenomenon is post-event rumination, in which individuals recall the interaction as being more negative than it actually was (Hofmann, 2007). Besides negative cognitions, it raises the question how deeply the social interaction is processed and stored in memory. The signal detection theory (SDT) offers an empirical examination of memory processing and performance in SAD. With the use of the SDT, statistical analysis allows for the differentiation between discrimination ability (sensitivity) and particular response criteria (Velden, 1982; Sawchuk et al., 2002).

Empirical findings of anxiety assume that an information processing bias exists in the detection, discrimination, and response to stimuli that indicate threat and safety. Thus, anxious persons should show different patterns of sensitivity and response criteria toward threat stimuli (Foa and Kozak, 1986; Sawchuk et al., 2002). Pérez-López and Woody (2001) examined recognition memory for reassuring and threatening facial expressions in individuals with SAD and healthy controls. Individuals with SAD were less sensitive to recognizing previously seen stimuli compared to controls but showed no memory bias toward threatening facial expressions. Further empirical studies reported that socially phobic participants are more likely to interpret ambiguous social interactions as negative and are better at remembering negative or critical rather than neutral or happy facial expressions, whereas healthy controls show no such differences (Lundh and Öst, 1996; Gilboa-Schechtman et al., 1997).

The processing of emotional facial expressions has usually been investigated using a series of isolated, de-contextualized, static photographs of humans posing with facial expressions that enhance the dissimilarity among categories (Wieser and Brosch, 2012). However, human face perception and evaluation are always affected by emotional and non-emotional aspects of context features and are regulated by individual traits such as social anxiety (Schwarz et al., 2013). Therefore, the question arises whether SFC leads to improved memory representations for conditioned stimuli.

SFC Paradigm

In previous SFC studies, we could successfully induce and extinguish social fear, which emphasizes the role of conditioning in social fear learning (Shiban et al., 2015; Reichenberger et al., 2017). The current study investigates social fear conditioning in VR in a human sample using our SFC setting, which consisted of a CS habituation, acquisition, and extinction phase similar to both our preliminary studies. Furthermore, we maximized the difference between participants by analyzing low (LSA) and high (HSA) socially anxious participants as well as women and men in an equal ratio. Furthermore, we implemented female and male virtual agents into our SFC paradigm to investigate whether there is dissimilarity between learning and unlearning of social fear in women and men and whether there is an influence of the gender of social stimuli (female vs. male agents). In this way, we will investigate how female or male participants behave toward female or male virtual agents to assess affective learning processes in social anxiety.

In addition to that, we added an unforeseen recognition memory task following the SFC paradigm in VR to investigate recognition processes in LSA and HSA participants. We presented stimuli and distractors of the previously seen female and male agents as well as items like tables, chairs and cupboards in the VR environment during the SFC paradigm.

A further feature of our paradigm is the high belongingness between the CS and the US, which is a possible advantage in recruiting clinical samples (Hamm et al., 1989; Lissek et al., 2008). Moreover, the paradigm involves a degree of complexity and uncertainty. Another advantage is that we use disorder-relevant stimuli to improve the ecological validity of the SFC paradigm.

Hypotheses

The present study investigates whether gender differences occur in social fear conditioning with female and male agents. We tested low and high socially anxious female and male participants in our SFC paradigm in VR with an enhanced ecological validity. Participants actively approached virtual female and male agents using a joystick. According to the conceptual-theoretical model for SAD (Rapee and Heimberg, 1997), we aimed at covering the subjective, physiological, behavioral, and cognitional effects of the acquisition and extinction of social fear. Therefore, we assessed each level of emotional responses on primary outcome (fear ratings, fear-potentiated startle, avoidance, recognition memory performance) and additional secondary outcome variables (personality traits and dispositions, contingency ratings, SCR, HR response). Based on the aforementioned findings, for the acquisition phase we hypothesized that (1) fear ratings for CS+ would increase compared to CS− for pre to post acquisition measurement. Concerning the contingency ratings, we expected increased US expectancy for the CS− post acquisition in HSA compared to LSA. Furthermore, the amplitude of the fear-potentiated startle, the SCR, and the HR response approaching the CS+ and the avoidance behavior during the approach toward CS+ were expected to be higher compared to CS−. After the extinction phase, (2) fear and contingency ratings of the CS+ were supposed to return to baseline levels along with physiological and behavioral outcome variables. (3) According to Duits et al. (2015), we expected increased fear responses to CS− stimuli during fear acquisition and stronger fear responses to CS+ stimuli during fear extinction among HSA compared to LSA participants. (4) Acquisition and resistance to extinction were expected to be higher for women than for men. In addition, we expected to find higher fear responses when approaching male agents in comparison to female agents. (5) We hypothesized that for HSA, recognition memory for CS+ agents would be greater than for CS− and NS agents compared to LSA participants. Finally, (6) we hypothesized that HSA would show a generalization effect for the NS during the extinction phase compared to LSA participants.

MATERIALS AND METHODS

Participants

Seventy healthy volunteers were recruited through advertisements and a screening in first semester events at the University of Regensburg. Hundred and eighty students took part in the screening and questionnaires were used to assess demographic data, exclusion criteria, and different personality traits and dispositions as well as social anxiety using the Social Phobia Inventory (SPIN; Connor et al., 2000; German version: Stangier and Steffens, 2002). The allocation to the low (LSA) and high socially anxious (HSA) group was based on the SPIN cut-off value of 19 stated in the screening. According to Connor et al. (2000), a SPIN score of 19 distinguishes patients with SAD from healthy subjects with a diagnostic accuracy of 79%.

Exclusion criteria being below 18 or above 55 years of age, a current diagnosis of a mental or neurological disorder (excluding SAD), current psychotherapeutic, psychiatric or neurological treatment, history of psychotropic drug use, and pregnancy or lactation, as well as participation in a former social fear conditioning study at the University of Regensburg. These criteria were assessed via a questionnaire after written informed consent had been obtained.

As 10 participants were excluded due to cybersickness symptoms (n = 4) or technical error during data acquisition (n = 6), the study comprised a total of 60 participants (31 participants in the LSA group: 51.6% female, aged between 18 and 43; and 29 participants in the HSA group: 51.7% female, aged between 19 and 33). The allocation of the participants into a low and high socially anxious group can be regarded as successful, since HSA show significantly higher values with large effect sizes in the SPIN, in the Social Interaction Anxiety Scale (SIAS; Mattick and Clarke, 1998; German version: Stangier et al., 1999) and in the Anxiety Sensitivity Index-3 (ASI; Taylor et al., 2007; German version: Kemper et al., 2009) compared to the LSA group (see Table 1).

TABLE 1. Significant results of the ANOVA for fear ratings of the acquisition and extinction phase.
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All participants had unimpaired or corrected vision or hearing. All of the volunteers were students at the University of Regensburg and were offered credit points as compensation for their participation. The Ethics Committee of the University of Regensburg approved the study.

Apparatus

The VR environment consisted of one room, in which all three phases (CS habituation, acquisition, and extinction), the subjective ratings and the behavioral avoidance tests (BAT) took place. In each phase, the participant was positioned at one end of the room and could see each female or male agent at the opposite end of the room. The agents gazed dynamically at the participant and moved their head and upper body slightly (see Figure 1). In 75% of the conditioning trials, an aversive consequence followed as soon as the participants reached a specific distance to the agents (30 cm) and navigation stopped. Aversive consequences consisted of an air blast to the right side of the participant’s neck (5 bar, 10 ms) accompanied by a sound of spitting followed by a verbal rejection. A compressed tank of air, which was regulated via a magnetic valve system, channeled the air blast through a tube that was fixed to the participant’s torso. In addition, when the participant approached the agent, a startle sound was administered in 75% of all trials in all phases.
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FIGURE 1. Virtual environment. (A) Starting point in the room, in which learning phases (CS habituation, acquisition, and extinction), ratings, and behavioral avoidance task took place. (B) End point for approaching the agent. (C) Social stimuli (agents) used for social fear conditioning.



The VR was presented to participants via the HTC VIVE head-mounted display (HMD; HTC Corporation, Taoyuan, Taiwan) and was generated via the Steam Source engine (Valve Corporation, Bellevue, WA, United States). The presented VR environment was controlled by CyberSession Research 5.6 (VTplus GmbH, Würzburg, Germany). The participant’s head position was monitored via the HTC VIVE lighthouse tracking system, which creates a 360-degree virtual space with up to 15 × 15 foot radius (HTC Corporation, Taoyuan, Taiwan). This tracking data is transmitted in real time to the CyberSession software using the Valve OpenVR1, which adjusted the participant’s field of view according to the tracked head position. Sounds were presented over headphones (Sennheiser HD-215, Sennheiser electronic GmbH, Germany). Participants used a joystick (Logitech Extreme 3D Pro Joystick, Logitech GmbH, Germany) mounted on a stand to move in the VR environment. Physiological data were monitored, digitally amplified (V-Amp, Brain Products GmbH, Germany) and recorded (Brain Vision Recorder software, Version 1.20, Brain Products GmbH, Germany).

Measures

Participants filled out a demographic questionnaire (age, sex, education, current occupation, and exclusion criteria) and the following questionnaires.

The SPIN was used to assess social anxiety and consists of 17 items that assess fear, avoidance, and physiological symptoms of SAD in the previous week. Answers are given on a five-point Likert scale (from 0 = “not at all” to 4 = “extremely”). The German version of the SPIN was evaluated by Sosic et al. (2008). Internal consistency was excellent for a representative sample of 2043 Germans (Cronbach’s α = 0.95). Convergent and divergent validity are satisfactory. Furthermore, the German version of the SPIN is a sensitive and specific measure for SAD as it distinguishes successfully between SAD and other psychiatric disorders (Sosic et al., 2008).

The SIAS assesses anxiety in social interactional situations with 20 items on a five-point Likert scale from 0 = “not at all” to 4 = “very strong.” The internal consistency of the German version can be classified as extremely reliable with a Cronbach’s α = 0.94 (Heinrichs et al., 2002). Construct and convergent validity were rated as good and reliability as good to excellent (Heimberg and Turk, 2002).

The ASI-3 was used to assess participants’ fear of physiological arousal related sensations. The questionnaire captures three dimensions of anxiety sensitivity (physical, social, and cognitive concerns) with 18 items on a five-point Likert scale (from 0 = “do not agree” to 4 = “completely agree”). The reliability depends on the sample and ranges from acceptable to excellent (Cronbach’s α = 0.75 – 0.92). Factorial and construct validity are satisfactory (Kemper et al., 2009).

The Dominance scale of the German Personality Research Form (PRF-D; Stumpf et al., 1985) was employed to quantify the characteristics of dominant behaviors. It investigates dominant personality traits via preferences and behaviors with 16 items on a dichotomous scale (“right” vs. “false”). In a sample of 1086 participants, the PRF-D achieved a good internal consistency (Cronbach’s α = 0.82). Furthermore, retest-reliability (0.84) as well as convergent and discriminant validity are high (Stumpf et al., 1985).

The Submissive Behavior Scale (SBS; Allan and Gilbert, 1997), which was translated into German for this study, assesses the frequency of submissive behavior with 16 items rated on a five-point Likert scale from 0 = “never” to 4 = “always.” Internal consistency proved to be high both in a student, Cronbach’sα = 0.82, and a clinical sample, Cronbach’s α = 0.85 (Allan and Gilbert, 1997).

The subtest Ego threat of the German version of the Mainz Coping Inventory (MCI; Krohne et al., 2000; German version: Krohne and Egloff, 1999) captures two coping strategies, Vigilance (VIG) and Cognitive Avoidance (CAV), with 10 items respectively with regard to four stressful situations (public speech, examination, job application, mistake on the job), which are answered by agreement or disagreement. Reliabilities of the CAV (Cronbach’s α = 0.76) and VIG (Cronbach’s α = 0.80) are satisfactory (Krohne and Egloff, 1999).

The Simulator Sickness Questionnaire (SSQ; Kennedy et al., 1993) was used to assess symptoms of cybersickness. The questionnaire consists of 16 items and uses a four-point Likert scale (from 0 = “not at all” to 3 = “heavy”) to measure potential side effects of VR (e.g., dizziness symptoms). The Igroup Presence Questionnaire (IPQ; Schubert, 2003) consists of 14 items and captures the experience of presence in the virtual environment on a seven-point Likert scale.

In order to measure the experienced fear (“On a scale from 0 to 100, how intense is your fear during the presence of this person?”) and contingency (“On a scale from 0 to 100, how likely is an unpleasant stimulus during the presence of this person?”) regarding the CS, ratings were assessed verbally on a range from 0 (very low fear/very unlikely) to 100 (very high fear/very likely) during the presentations of the agents in the rating phase following each of the three phases.

Besides these self-reported measures, physiological and behavioral data were collected. To record the electromyography of the musculus orbicularis oculi as a measure of a fear-potentiated startle, four surface electrodes (Ag/AgCl, Ø D 8 mm) were affixed under the right eye of the participant and on the mastoid bones as reference and ground electrodes. Two additional surface electrodes (Ag/AgCl, Ø D 8 mm) were placed on the base of the thumb on the radial side of the palm of the non-dominant hand in order to record the SCR. Two adhesive pre-gelled surface electrodes (Ag/AgCl, Ø = 40 mm) were attached to the middle of the upper chest and on the rib tip of the left half of the body to record the electrocardiography. Avoidance behavior was measured as the minimal distance (in m) to the agent while passing it during the BAT. Recognition processing data were measured as sensitivity d’ and response criteria β (Velden, 1982).

Procedure

The experiment consisted of filling out questionnaires, the social fear conditioning paradigm in VR (with a CS habituation, acquisition, and extinction phase), further questionnaires after the session in VR and a final recognition memory task (see Figure 2).
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FIGURE 2. Experimental procedure. The experimental procedure took place as described above. As unconditioned stimulus (US) an air blast combined with virtual spitting and rejection was applied. CS+, agent paired with aversive US; CS–, agent without aversive US; NS, agent without aversive US and only appearing during the extinction phase. SPIN, Social Phobia Inventory; SIAS, Social Interaction Anxiety Scale; ASI-3, Anxiety Sensitivity Index; PRF-D, German Personality Research Form – Dominance Scale; SBS, Submissive Behavior Scale; MCI, Mainz Coping Inventory; SSQ, Simulator Sickness Questionnaire; IPQ, Igroup Presence Questionnaire.



At the beginning, participants were briefed in written form and the informed consent was signed. After filling out the questionnaires (demographic, SPIN, SIAS, ASI-3, PRF-D, SBS, MCI), participants were prepared for the VR part of the experiment. The electrodes, the air blast device, the HMD and the headphones were adjusted. During the experiment, participants received recorded instructions, which were delivered via the headphones.

At first, participants relaxed for 2 min in VR (gray screen) for a physiological baseline-measure. Subsequent to nine presentations of the startle noise for habituation of the fear-potentiated startle reaction, participants were given a short task to explore the virtual environment to learn the navigation in VR. Following this, participants received the recorded instruction: “You will now meet several human beings. Please try to move directly toward the persons until they are right in front of you.” Participants had to approach the agents actively using the joystick and as soon as they reached a specific distance to the agents (the equivalent of about 30 cm in the real world), lights faded out and the next agent was presented at the opposite end of the room. Each trial lasted about 10 s (depending on how fast participants approached the agents). Theoretically, participants could move laterally, diagonally or away from the agent, however, we observed no such behavior.

The CS habituation phase consisted of four blocks. One block consisted of one presentation of each female and male agent (CS+, CS−), resulting in a total of 16 presentations. Which agent was presented as CS+ or CS− was balanced across participants. A startle noise (white noise: 103 dB, 10 ms) was presented at two-thirds of the approach path to the agent with a contingency of 75% in each trial. The unconditioned stimulus (US) was not presented yet.

Afterward, the first rating and BAT took place. Participants approached each of the two female and male agents and as soon as they reached the previously specified distance to the agents, lights faded out and the participants were asked to verbally rate their subjective fear. Following the respective ratings, lights faded in again and the participants were instructed to pass the agent and to leave the room through the glass door located behind the agent (“Now go through the glass door behind the person and leave the room”).

The acquisition phase was conducted in eight blocks. One block consisted of one presentation of each conditioned stimuli (female and male CS+) with and without the US (female and male CS−), resulting in a total of 32 presentations. The US was an air blast combined with virtual spitting and the negative rejection “Get lost!”. The facial expressions of the agents are adjusted to the spitting and verbal rejection. The CS–US contingency was set at 75% and the startle noise was also presented with a contingency of 75% in this phase.

After the conditioning phase, the second rating took place. Participants approached each of the two female and male agents and rated their subjective fear and the contingency of aversive events. Subsequently, the BAT took place again as described above. Afterward, there was a 5 min break, during which participants took off the HMD, sat down, and had the opportunity to close their eyes and relax.

The extinction phase consisted of eight blocks designed in exactly the same way as those in the acquisition phase, except for the absence of the US and the appearance of the NS agent of both genders. The total number of trials was 48 in this phase. Just like in the previous phases, the startle noise was presented with a contingency of 75%.

After the extinction phase, the last rating took place. Participants rated their subjective fear and the contingency of aversive events and the third BAT took place for each female and male agent (CS+, CS−, NS).

After the VR experiment and filling out the last questionnaires (short evaluation of the US, SSQ, IPQ), a surprise recognition memory task was conducted. Twenty-four images of virtual agents and objects (e.g., a chair, table, bookshelf, black board) were shown on a computer screen (1600 × 900) and the participants had to decide whether the presented 12 agents and 12 objects appeared in the virtual environment or not (see Figure 3). Six of these agents and six objects were shown in VR (stimulus) and six were modified (distractor). Participants used a keyboard to indicate if the agent or object was in the experiment (“y” = “yes”) or if it was a modified representation and not presented in the experiment (“n” = “no”). The number of correct answers in the task was recorded. The total duration of the experiment was about 90 min.
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FIGURE 3. Stimuli of the recognition memory task. Stimuli target (A) and distractors (B) of the agents and objects were presented. The images were shown on a computer screen in the same size (1600 × 900). For interpretation of the references to color in this figure, the reader is referred to the web version of this article.



Data Reduction and Statistical Analyses

Physiological data were preprocessed with Brain Vision Analyzer 2.0 software (BVA; Brain Products GmbH, Munich, Germany), the behavioral data were preprocessed with MATLAB 9.5 (MathWorks Inc., Germany) and further analyses were performed in SPSS 22.0 (IBM Corp., Armonk, NY, United States).

For the fear-potentiated startle, first, differences between the two electromyography electrodes were computed (see Blumenthal et al., 2005). Then, a 250 Hz high cut-off filter, a 30 Hz low cut-off filter, and a 50 Hz notch filter were applied, the data were rectified, and a moving average (50 ms) was calculated. For each fear-potentiated startle, a baseline correction was conducted using the mean value of the 50 ms before each startle tone as baseline. Next, peaks between 20 and 120 ms were marked automatically, controlled manually and corrected if necessary. Finally, T-values for the startle magnitude were calculated.

For the analysis of the SCR, the difference between the two electrodes was computed and a 1 Hz high cut-off filter was applied. For each SCR, a baseline correction was conducted using the mean value of 500 ms before each presentation of the stimulus as a baseline. SCR was registered as the peak response in the 0.5 – 6 s following stimulus presentation. Peaks were marked automatically, manually controlled and corrected if necessary (see Pineles et al., 2009; Shiban et al., 2016). SCR values < 0.01 μs were defined as non-responses and were set on zero (Lonsdorf et al., 2017). Furthermore, participants with more than 75% non-responses in all trials were excluded from the analysis (Lonsdorf et al., 2017). We had to exclude 8 female and 3 male participants for the SCR analysis.

For heart rate (HR), the difference between the ECG electrodes were computed, a 1.59 Hz (12 dB) high cut-off filter, a 30 Hz (12 dB) low cut-off filter, and a 50 Hz notch filter were administered. Then R-spikes were automatically detected and counted by an algorithm in BVA software, manually controlled and corrected if necessary. The HR per min was exported for 6s following the stimulus, so it could be expected that a minimum of five heartbeats are included in the analysis (see Prescott et al., 1992).

Avoidance behavior was assessed via the minimal distance (in m) to the agent while passing it during the BAT. Due to technical errors during data acquisition, one participant had to be excluded from data analysis of the avoidance behavior.

For the recognition data, sensitivity (d’) and response criteria (β) were computed according to the method recommendations outlined by Velden (1982) and Macmillan and Creelman (1991). Sensitivity (d’) is the ability of individuals to correctly discriminate the presented target stimuli during the experiment, from distractors which appeared at the time of recall. The decision-making response criteria (β) refer to the individual’s decision during the memory task, which can range from a liberal to a conservative response style. Hit rate was the rate of targets presented during the VR procedure that were correctly classified as targets and false alarm rate was the rate of distractors (that were added for the recognition phase) that were incorrectly classified as targets. The sensitivity index and response criteria were calculated by first transforming the hit rate and false alarm rate probabilities into standardized z-scores and then computing the d’ and β statistic values (see Sawchuk et al., 2002). Under conditions in which the hit or false alarm rate were below 0.05 or above 0.95 they were transformed into 0.05 or 0.95 before conversion to z-scores.

The means for each agent (CS+, CS−, NS) of the fear and contingency ratings and the behavioral avoidance measured at the three rating phases (pre acquisition, post-acquisition, post extinction) were calculated. For each physiological outcome variable (fear-potentiated startle, SCR, HR), means were calculated for the CS habituation phase, while the first four reactions and the last four reactions in the acquisition and the extinction phase were computed as the means of the beginning and the end of the acquisition and extinction phase, respectively. Evoked HR was transferred with a baseline correction of the 120 s physiological baseline-measure at the beginning of the VR experiment into the HR response.

Checking for possible differences in the fear ratings before fear acquisition, an ANOVA with the within-subject factors stimulus (CS+ vs. CS−) and agent (female vs. male) and the between-subject factors social anxiety (low vs. high) and gender (women vs. men) were used for pre-acquisition phase. In order to investigate changes in fear ratings with regard to SFC ANOVAs with the within-subject factors phase (pre vs. post-acquisition for acquisition, and post-acquisition vs. post extinction for extinction), stimulus (CS+ vs. CS−) and agent (female vs. male), and the between-subject factors social anxiety (low vs. high) and gender (women vs. men) were conducted. Measuring possible generalization effects, an ANOVA was used with the within-subject factors stimulus (CS+ vs. CS− vs. NS) and agent (female vs. male) and the between-subject factors social anxiety (low vs. high) and gender (women vs. men) during post extinction phase.

An ANOVA with the within-subject factors stimulus (CS+ vs. CS−) and agent (female vs. male) and the between-subject factors social anxiety (low vs. high) and gender (women vs. men) was used for the post acquisition phase to investigate differences regarding contingency ratings. Furthermore, an ANOVA with the within-subject factors phase (post acquisition vs. post extinction), stimulus (CS+ vs. CS−) and agent (female vs. male) and the between-subject factors social anxiety (low vs. high) and gender (women vs. men) was conducted to investigate changes regarding SFC.

Checking for possible differences during CS habituation, ANOVAs with the within-subject factors stimulus (CS+ vs. CS−) and agent (female vs. male) and the between-subject factors social anxiety (low vs. high) and gender (women vs. men) were used for each physiological outcome variable (fear-potentiated startle, SCR and HR response). In order to analyze conditioning effects regarding physiological data, ANOVAs with the within-subject factors time (beginning vs. end), stimulus (CS+ vs. CS−) and agent (female vs. male) and the between-subject factors social anxiety (low vs. high) and gender (women vs. men) were conducted for the acquisition and extinction phase. Testing for possible generalization effects, ANOVAs with the within-subject factors stimulus (CS+ vs. CS− vs. NS) and agent (female vs. male) and the between-subject factors social anxiety (low vs. high) and gender (women vs. men) were conducted for the physiological variables as well.

For the behavioral avoidance data, ANOVAs with the within-subject factors phase (pre vs. post-acquisition for acquisition, and post-acquisition vs. post extinction for extinction), stimulus (CS+ vs. CS−) and agent (female vs. male) and the between-subject factors social anxiety (low vs. high) and gender (women vs. men) were conducted.

For the recognition data, ANOVAs with the within-subject factors stimulus (agent vs. object and CS+ vs. CS− vs. NS) and the between-subject factor social anxiety (low vs. high) were conducted for the d’ and β parameter.

In follow-up analyses of significant effects of time, stimulus, agent and social anxiety as well as gender Student’s t-tests were performed. Partial η2 ([image: image]) scores and Cohen’s d were used as indices of effect size. The significance level was set at two-tailed α = 0.05.

RESULTS

Primary Outcomes for Each Level for Acquisition and Extinction

Self Report: Fear Rating

Figure 4 shows the fear ratings after CS habituation, acquisition, and extinction. As we can see in the first rating, both stimuli are rated almost equal, but higher for HSA than for LSA. After the acquisition phase, fear ratings for CS+ are clearly higher than for CS−. After the extinction phase, fear ratings for CS+ decrease. However, fear ratings for CS− and NS do not differ in the third rating, whereas the CS+ is rated slightly higher than CS− and NS in both groups.
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FIGURE 4. Fear ratings (n = 60) for CS+, CS–, and NS in the three rating phases for low (LSA) and high socially anxious (HSA) participants. CS+, agent paired with aversive unconditioned stimulus (US); CS–, agent without aversive US; NS, agent without aversive US and appearing only in the extinction phase; pre-Acquisition, after CS habituation phase; post Acquisition, after acquisition phase; post Extinction, after extinction phase. Mean fear ratings (0 = very low fear to 100 = very high fear) were given. Significant differences are indicated with an asterisk. Standard errors are presented by error bars.



For acquisition an ANOVA comparing fear ratings before and after acquisition confirmed a significant effect of Phase × Stimulus × Gender × Social Anxiety (please see Table 1 for all significant results of the ANOVA). To disentangle this fourfold interaction further, follow-up ANOVA was conducted for LSA and HSA participants separately. For LSA, we detected significant interaction effects for Phase × Stimulus and Phase × Gender. For the Phase × Stimulus interaction, the follow-up t-test showed that the subjective ratings increased significantly for CS+, t(30) = −4.37, p < 0.001, d = 0.50, but not for CS− as expected. Follow-up t-test for the Phase × Gender interaction presented that fear ratings increased significantly for women, t(15) = −3.21, p = 0.006, d = 0.45, but not for men, which point to an enhanced fear conditioning in women compared to men. For HSA, a significant effect of Phase × Stimulus × Gender could be detected. A follow-up ANOVA was conducted for HSA women and men separately. For HSA women, a significant interaction effect of Phase × Stimulus could be detected, and the follow-up t-test revealed that fear ratings increased significantly for CS+, t(14) = −3.60, p = 0.003, d = 0.81, but not for CS−. As compared to HSA men, only a marginally significant interaction effect of Phase x Stimulus, F(1,56) = 3.56, p = 0.082,[image: image] = 22, was found. Therefore, the fear rating results indicate that successful SFC took place for both LSA and HSA groups.

For extinction an ANOVA comparing fear ratings before and after extinction confirmed significant effects of Stimulus × Gender, Phase × Gender, Phase × Stimulus × Agent (please see Table 1 for all significant results of the ANOVA). To disentangle this threefold interaction, a follow-up ANOVA was conducted for female and male agents separately. For female agents, a significant interaction effect of Phase × Stimulus could be detected and the follow-up t-test revealed that the female CS+, t(59) = 5.93, p < 0.001, d = 0.51, and CS−, t(59) = 2.08, p = 0.042, d = 0.12, significantly decreased. For male agents, we identified also a significant interaction effect of Phase × Stimulus and the follow-up t-test highlighted that the male CS+, t(59) = 4.93, p < 0.001, d = 0.39, and CS−, t(59) = 2.88, p = 0.006, d = 0.26, significantly decreased. For the Stimulus × Gender interaction, a follow-up t-test showed that women rated the CS+ significantly higher than men, t(54.146) = 2.34, p = 0.023, d = 0.61, however there was no difference for the CS−. For the Phase × Gender interaction, a follow-up t-test revealed that women reported significantly more fear after the acquisition phase, t(53.504) = 2.33, p = 0.023, d = 0.61, than men, but not after the extinction phase. The fear rating results indicate that social fear extinction was also successful in the sample. However, no generalization effect was found.

Physiology: Fear-Potentiated Startle

The fear-potentiated startle response for the CS habituation, acquisition, and extinction phase is depicted in Figure 5. In the CS habituation phase, the fear-potentiated startle response is slightly higher for CS+ than for CS− in both groups. In the acquisition phase, the fear-potentiated startle response for CS+ is lower than for CS− at the beginning, but higher at the end, indicating that habituation to CS− is stronger than to CS+ during SFC. In the extinction phase, the fear-potentiated startle response to both stimuli decreases from the beginning to the end in both groups.


[image: image]

FIGURE 5. Fear-potentiated startle response (n = 60) for CS+ and CS– in the three phases (CS habituation, acquisition, and extinction) for low (LSA) and high social anxiety (HSA). CS+, agent paired with aversive unconditioned stimulus (US); CS–, agent without aversive US. Mean fear-potentiated startles (presented in T-values) were given. Significant differences are indicated with an asterisk. Standard errors are presented by error bars.



An ANOVA investigating differences in the CS habituation phase confirmed a significant main effect of Stimulus, F(1,54) = 5.59, p = 0.022, [image: image] = 0.09, with a higher fear-potentiated startle response for CS+ (M = 55.3, SD = 5.17) than for CS− (M = 53.6, SD = 4.87).

For the acquisition phase, an ANOVA confirmed significant effects of Time, F(1,52) = 42.3, p < 0.001, [image: image] = 0.45, Agent × Social Anxiety, F(1,52) = 5.65, p = 0.021, [image: image] = 0.10, Time × Stimulus, F(1,52) = 18.5, p < 0.001, [image: image] = 0.26, and Time × Stimulus × Agent, F(1,52) = 9.69, p = 0.003, [image: image] = 0.16. For the Agent × Social Anxiety interaction, a follow-up t-test revealed for LSA no significant differences between female and male agents (p = 0.098) and also not for HSA participants (p = 0.139). For the Time × Stimulus × Agent interaction, a follow-up ANOVA was conducted for female and male agents. For female agents, a significant effect of Time, F(1,55) = 27.0, p < 0.001, [image: image] = 0.33, indicates a decrease in the fear-potentiated startle response from the beginning (M = 54.1, SD = 4.68) to the end (M = 49.3, SD = 4.80) of acquisition. Compared to male agents, a significant effect of Time, F(1,52) = 24.7, p < 0.001, [image: image] = 0.32, and Time × Stimulus, F(1,52) = 29.9, p < 0.001, [image: image] = 0.37, could be detected. Follow-up t-tests emphasized that the fear-potentiated startle response to the male CS+ was significantly lower than to the male CS− at the beginning of the acquisition, t(56) = −3.65, p < 0.001, d = 0.70, whereas the response to the male CS+ was significantly higher compared to the male CS− at the end of the acquisition, t(56) = 4.10, p < 0.001, d = 0.66. This indicates that according to the fear-potentiated startle, SFC to male agents was successfully in both groups, whereas the female CS+ and CS− did not significantly differ during fear acquisition. These results suggest enhanced fear responses and enhanced social fear conditionability to male compared to female agents.

For the extinction phase, an ANOVA found significant effects of Time, F(1,56) = 37.1, p < 0.001, [image: image] = 0.40, Stimulus, F(1,56) = 6.75, p = 0.012, [image: image] = 0.11, Time × Stimulus × Gender, F(1,56) = 4.67, p = 0.035, [image: image] = 0.08, and Time × Agent × Gender, F(1,56) = 4.89, p = 0.031, [image: image] = 0.08. To unravel this threefold interaction further, a follow-up ANOVA was conducted for each gender separately. For women, the ANOVA confirmed a significant effect of Time, F(1,29) = 17.6, p < 0.001, [image: image] = 0.38, which indicates a further decrease in the fear-potentiated startle response from the beginning (M = 48.8, SD = 3.41) to the end (M = 45.5, SD = 3.05) of extinction. For men, the ANOVA affirmed significant effects of Time, F(1,27) = 20.4, p < 0.001, [image: image] = 0.43, Stimulus, F(1, 27) = 17.6, p = 0.040, [image: image] = 0.15, and Time × Stimulus, F(1,27) = 4.19, p = 0.050, [image: image] = 0.13. The follow-up t-test revealed that the CS+ was significantly higher than the CS− at the beginning, t(28) = 2.68, p = 0.012, d = 0.76, but no more at the end of the extinction phase (p = 0.725). The fear-potentiated startle results indicate that social fear extinction was successful in both gender groups.

Regarding generalization effects, an ANOVA found significant effects of Stimulus, F(2,112) = 4.60, p = 0.012, [image: image] = 0.08, Agent, F(1,56) = 4.81, p = 0.012, [image: image] = 0.08, and Stimulus × Agent, F(2,112) = 5.93, p = 0.004, [image: image] = 0.10. A follow-up t-test showed that the fear-potentiated startle response to male NS is significantly higher than to CS+, t(28) = −2.570, p = 0.013, d = 0.47, and CS−, t(59) = −5.076, p < 0.001, d = 0.84, at the beginning of the extinction phase. However, the startle response to the female CS+ is significantly higher than to the CS−, t(59) = 2.328, p = 0.023, d = 0.38, but not in comparison to the NS, t(59) = 1.465, p = 0.148. No clear generalization effect results were found.

Behavior: Behavioral Avoidance Test

Figure 6 shows behavioral avoidance during all three BATs in the rating phases. As we can see in all phases, the distance to both stimuli is larger for HSA than for LSA participants. Furthermore, we can observe a small increase for the CS+ and a decrease for the CS− during SFC in both groups. After the extinction phase, the NS is nearly on the same level as the CS−.
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FIGURE 6. Behavioral avoidance (n = 59) for CS+, CS–, and NS in the three rating phases for low (LSA) and high socially anxious (HSA) participants. CS+, agent paired with aversive unconditioned stimulus (US); CS–, agent without aversive US; NS, agent without aversive US and appearing only in the extinction phase; pre-Acquisition, after CS habituation phase; post Acquisition, after acquisition phase; post Extinction, after extinction phase. Mean behavioral avoidance (presented in meter) was given. Significant differences are indicated with an asterisk. Standard errors are presented by error bars.



For acquisition, an ANOVA comparing behavioral avoidance before and after acquisition confirmed significant effects of Phase × Stimulus, F(1,48) = 12.2, p < 0.001,[image: image] = 0.20, and Stimulus × Agent × Social Anxiety, F(1,48) = 4.80, p = 0.033, [image: image] = 0.09. A follow-up ANOVA was conducted for both social anxiety groups separately. For LSA, a significant interaction effect of Phase × Stimulus, F(1,25) = 8.70, p = 0.007, [image: image] = 0.26, and Stimulus × Agent, F(1,25) = 5.26, p = 0.031, [image: image] = 0.17, was found. For the Phase × Stimulus interaction, a follow-up t-test showed no significant change in the distance to CS+, but a significant decrease in the distance to CS−, t(28) = 2.756, p = 0.010, d = 0.43, from pre to post acquisition. The follow-up t-test for the Stimulus × Agent interaction presented no significant difference between male and female CS+ or CS−. For HSA, a significant interaction effect of Phase × Stimulus, F(1,23) = 4.44, p = 0.046, [image: image] = 0.16, and Phase × Agent × Gender, F(1,23) = 4.72, p = 0.040, [image: image] = 0.17, was found. A follow-up ANOVA was conducted for both genders. For HSA men, a significant interaction effect of Phase × Stimulus, F(1,11) = 5.67, p = 0.036, [image: image] = 0.34, was found and the follow-up t-test revealed no significant change in the distance to CS+, but a significant decrease in the distance to CS−, t(12) = 2.202, p = 0.048, d = 0.49, from pre to post acquisition. For HSA women, a significant interaction effect of Phase × Agent, F(1,12) = 5.61, p = 0.035, [image: image] = 0.32, was detected and the follow-up t-test showed no significant change in the distance to male CS, but a significant decrease in the distance to female CS, t(14) = 2.694, p = 0.017, d = 0.41, from pre to post acquisition. This indicates that HSA women maintained a larger distance to male compared to female agents, but no such differences were found for HSA men. Thus, the behavioral avoidance results indicate that successful SFC took place for both groups.

For extinction, an ANOVA comparing behavioral avoidance before and after extinction confirmed a significant effect of Phase × Stimulus × Gender, F(1,46) = 5.13, p = 0.028, [image: image] = 0.10. A follow-up ANOVA was conducted for both genders separately. For men, a significant interaction effect of Phase × Stimulus, F(1,25) = 5.92, p = 0.022, [image: image] = 0.19, was observed and the follow-up t-test revealed a marginally significant decrease in the distance to CS+, t(27) = 1.933, p = 0.064, but not to CS− from pre to post extinction. For women, no significant main or interaction effect was found. Therefore, the behavioral avoidance results show successful fear extinction for men.

Furthermore, Figure 7 depicts the movement behavior of the LSA and HSA participants in the virtual environment and the differences in group movement behavior comparing LSA and HSA participants. Exploratory analysis of Figure 7 suggested that LSA passed more closely the agent than HSA participants.
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FIGURE 7. Bird’s eye view on the movement behavior (n = 59) during all ratings and behavioral avoidance tests (BAT). The heatmap shows the movement behavior for low (A) and for high socially anxious (B) participants. Participants started at one end of the room (black arrow) and had the task during the rating to approach the agent at the opposite end of the room (black circle). Following this, participants were instructed to pass the agent and to leave the room through the glass door located behind the agent during the BAT. The more intense the blue is, the more participants walked there. The third heatmap (C) shows the differences in group movement behavior comparing low (LSA) and high socially anxious (HSA) participants. Blue areas indicate that more HSA participants walked there, whereas red areas indicate that more LSA participants were there. The more intense a color is, the greater the relative difference between both groups. For interpretation of the references to color in this figure, the reader is referred to the web version of this article.



Cognition: Recognition Memory Task

An ANOVA comparing the sensitivity index for the recognition stimulus agent and object confirmed a significant effect of Stimulus, F(1,58) = 18.3, p < 0.001, [image: image] = 0.24, with a higher d’ for agent (M = 1.78, SD = 0.68) than for object (M = 1.25, SD = 0.70), but no group differences were found. Comparing the sensitivity index for the agents with each other, an ANOVA revealed a significant effect of Stimulus, F(2,116) = 6.80, p = 0.002, [image: image] = 0.11, with the highest value for NS (M = 2.33, SD = 1.14) compared to CS+ (M = 1.81, SD = 1.19) and CS− (M = 1.56, SD = 1.19), but no group differences were found.

Comparing the response criteria for the recognition stimulus agent and object, an ANOVA revealed a significant effect of Stimulus, F(1,58) = 101.9, p < 0.001, [image: image] = 0.64, with a lower β for agent (M = −0.33, SD = 0.47) than for object (M = 0.38, SD = 0.41), and a marginally significant effect of Social Anxiety, F(1,58) = 3.71, p = 0.059, [image: image] = 0.06. Tendentially, HSA (M = −0.06, SD = 0.48) exhibit a more conservative β index than LSA (M = 0.11, SD = 0.46). Comparing the response criteria for the agents with each other, an ANOVA showed a significant effect of Social Anxiety, F(1,58) = 5.45, p = 0.023, [image: image] = 0.09, which revealed a more conservative index for HSA (M = −0.47, SD = 0.66) than for LSA (M = −0.19, SD = 0.64).

Secondary Outcomes for Each Level for Acquisition and Extinction

Personality Traits and Dispositions

High socially anxious show a significantly higher score in social anxiety (SPIN), in anxiety in social interactional situations (SIAS), in fear of physiological arousal related sensations (ASI-3), in submissive behavior (SBS) as well as a significantly lower score in dominant behaviors (PRF-D) compared to the LSA group. Interestingly, HSA show significantly higher vigilance, but marginally significant lower cognitive avoidance than LSA as coping strategy. Furthermore, HSA report significantly stronger symptoms of cybersickness (SSQ) compared LSA. Regarding the mean of the experience of presence in VR (IPQ) and participants’ age, the groups do not differ significantly (see Table 2).

TABLE 2. Demographic variables and personality traits.
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Furthermore, there is a marginally significant negative correlation between social fear learning (difference of CS+ and CS− after acquisition) and dominance (r = −0.22, p = 0.086) as well as a significant positive correlation with submissive behavior (r = 0.30, p = 0.021).

An exploratory measure of the post questionnaire for the evaluation of the US showed that the spitting and rejection of the male, F(1,59) = 13.2, p < 0.001, [image: image] = 19, and female agent, F(1,59) = 19.4, p < 0.001, [image: image] = 25, caused more fear by women compared to men, but not by HSA compared to LSA.

Self Report: Contingency Rating

The contingency ratings post acquisition and extinction is shown in Figure 8. As can be seen in the first rating, the CS+ is rated higher than the CS− in both groups after acquisition. In the third rating, CS+ is slightly higher than CS− and NS in both groups.
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FIGURE 8. Contingency ratings (n = 60) for CS+, CS–, and NS in the rating phases 2 and 3 for low (LSA) and high socially anxious (HSA) participants. CS+, agent paired with aversive unconditioned stimulus (US); CS–, agent without aversive US; NS, agent without aversive US and appearing only in the extinction phase; post Acquisition, after acquisition phase; post Extinction, after extinction phase. Mean contingency ratings (0 = very unlikely to 100 = very likely) were given. Significant differences are indicated with an asterisk. Standard errors are presented by error bars.



An ANOVA comparing contingency ratings after the acquisition confirmed a significant effect of Stimulus, F(1,56) = 74.1, p < 0.001, [image: image] = 57, Gender, F(1,56) = 12.8, p < 0.001, [image: image] = 0.19, and a marginally significant interaction effect of Stimulus × Gender, F(1,56) = 3.87, p = 0.054, [image: image] = 0.07. An exploratory t-test revealed that women rated the CS+ significantly higher than men, t(58) = 3.83, p < 0.001, d = 1.01, whereas the CS− did not differ between genders (p = 0.120).

An ANOVA comparing contingency ratings before and after extinction confirmed significant effects of Phase, F(1,56) = 15.2, p < 0.001, [image: image] = 21, Stimulus, F(1,56) = 82.3, p < 0.001, [image: image] = 60, Agent, F(1,56) = 5.31, p = 0.025, [image: image] = 09, Gender, F(1,56) = 4.50, p = 0.038, [image: image] = 07, and Phase × Stimulus, F(1,56) = 42.5, p < 0.001, [image: image] = 43, and Phase × Social Anxiety × Gender, F(1,56) = 5.89, p = 0.019, [image: image] = 10. To unravel this threefold interaction, a follow-up ANOVA was conducted for LSA and HSA participants separately. For LSA, significant main effects for Phase, F(1,29) = 21.6, p < 0.001, [image: image] = 38, Stimulus, F(1,29) = 46.6, p < 0.001, [image: image] = 62, Agent, F(1,29) = 6.20, p = 0.019, [image: image] = 18, and interaction effects of Phase × Stimulus, F(1,29) = 8.89, p = 0.006, [image: image] = 24, and Phase × Gender, F(1,29) = 25.9, p < 0.001, [image: image] = 47, could be detected. For the Phase × Stimulus interaction, a follow-up t-test showed that the subjective ratings decreased significantly for CS+, t(30) = 5.50, p < 0.001, d = 1.14, but not for CS−. A follow-up t-test for the Phase × Gender interaction showed that contingency ratings decreased significantly for women, t(15) = 4.92, p < 0.001, d = 1.39, but not for men. For HSA, a significant effect of Stimulus, F(1,27) = 36.5, p < 0.001, [image: image] = 58, Gender, F(1,27) = 8.95, p = 0.006, [image: image] = 39, and Phase × Stimulus could be detected. A follow-up t-test revealed that fear ratings decreased significantly for CS+, t(28) = 3.35, p = 0.002, d = 0.65, but not for CS−. Thus, contingency rating results also indicate that SFC was successful regarding participants’ cognitive appraisal.

Physiology: Skin Conductance Response

Figure 9 shows the SCR for CS habituation, acquisition, and extinction phase. In the CS habituation phase, the SCR for men is slightly lower for CS+ than for CS−, whereas women do not differ between both stimuli. In the acquisition phase, the SCR increase for women, but not for men. Furthermore, women reveal a higher increase for CS+ than for CS−. In the extinction phase, the SCR for both genders do not differ from the beginning to the end.
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FIGURE 9. Skin conductance response (n = 49) for CS+ and CS– in the three phases (CS habituation, acquisition, and extinction) for both genders. CS+, agent paired with aversive unconditioned stimulus (US); CS–, agent without aversive US. Mean skin conductance response (presented in μS) was given. Significant differences are indicated with an asterisk. Standard errors are presented by error bars.



Proving differences in the CS habituation phase, an ANOVA confirmed no significant effects. For the acquisition, an ANOVA showed a significant effect of Time, F(1,45) = 5.45, p = 0.024, [image: image] = 0.11, Gender, F(1,45) = 9.86, p = 0.003, [image: image] = 0.18, Time × Gender, F(1,45) = 8.51, p = 0.005, [image: image] = 0.16, Agent × Gender, F(1,45) = 5.36, p = 0.025, [image: image] = 0.11, Time × Agent, F(1,45) = 6.33, p = 0.016, [image: image] = 0.12, Time × Stimulus × Gender, F(1,45) = 4.71, p = 0.035, [image: image] = 0.10, Time × Agent × Gender, F(1,45) = 6.37, p = 0.015, [image: image] = 0.12. A follow-up ANOVA was conducted for both genders separately. For women, a significant effect of Time, F(1,20) = 7.25, p = 0.014, [image: image] = 27, and Time × Agent, F(1,20) = 12.8, p = 0.002, [image: image] = 39, could be detected. Follow-up t-test revealed that the SCR to the female agents significantly increase, t(21) = −4.14, p < 0.001, d = 0.80, whereas the SCR to the male agents did not significantly increase from the beginning to the end of the acquisition. For men, significant effects of Agent, F(1,25) = 6.07, p = 0.021, [image: image] = 0.20, Social Anxiety, F(1,25) = 5.26, p = 0.031, [image: image] = 0.17, Agent × Social Anxiety, F(1,25) = 7.10, p = 0.013, [image: image] = 0.22, Time × Stimulus, F(1,25) = 6.18, p = 0.020, [image: image] = 0.20, and Time × Stimulus × Social Anxiety, F(1,25) = 4.63, p = 0.041, [image: image] = 0.16, were located.

According this threefold interaction, a follow-up ANOVA was conducted for male LSA and HSA participants. For LSA men, a significant effect of Agent, F(1,13) = 8.04, p = 0.014, [image: image] = 0.38, and Time × Stimulus, F(1,13) = 7.14, p = 0.019, [image: image] = 0.35, were found and the follow-up t-tests revealed that the SCR to the CS+ was significantly higher than to the CS−, t(13) = 2.24, p = 0.043, d = 0.70, at the beginning but no more at the end of the acquisition phase. For HSA participants, no significant main or interaction effect was found. The SCR results indicate for women higher fear responses to female compared to male agents, whereas only LSA men showed a differentiation between the CS+ and CS− at the beginning of the acquisition.

For the extinction, an ANOVA confirmed significant effects of Stimulus × Social Anxiety, F(1,45) = 4.04, p = 0.050, [image: image] = 0.08, Agent × Social Anxiety, F(1,45) = 11.8, p < 0.001, [image: image] = 0.21, Time × Agent, F(1,45) = 6.06, p = 0.018, [image: image] = 0.12, and Time × Stimulus × Social Anxiety, F(1,45) = 4.95, p = 0.031, [image: image] = 0.10. Follow-up ANOVA was conducted for both LSA and HSA participants. For LSA, a significant effect of Stimulus, F(1,22) = 6.26, p = 0.020,[image: image] = 0.22, Agent, F(1,22) = 11.8, p = 0.002, [image: image] = 0.35, and Time × Stimulus, F(1,22) = 4.90, p = 0.037, [image: image] = 0.18, could be detected. Follow-up t-test showed that the CS+ is significantly higher compared to the CS− at the beginning of the extinction, t(23) = 3.63, p < 0.001, d = 0.58, but not more at the end of the extinction. For HSA participants, only a significant main effect of Agent, F(1,23) = 5.29, p = 0.031,[image: image] = 0.19, which indicates a higher response to female (M = 0.062, SD = 0.065) compared to male agents (M = 0.037, SD = 0.03). The SCR results indicate successful extinction for LSA, whereas HSA show no consistent extinction.

Physiology: Heart Rate Response

The HR response for the CS habituation, acquisition, and extinction phase is shown in Figure 10. The HR response is approximately equivalent for both stimuli in both groups in the CS habituation phase. From the beginning to the end of the acquisition phase, HR response increases for both stimuli in both groups. For HSA, HR response for CS+ is higher than for CS− at the end of the acquisition phase. In the extinction phase, HR response increases slightly for both stimuli to a comparable level from the beginning to the end in both groups.


[image: image]

FIGURE 10. Heart rate (HR) response (n = 60) for CS+ and CS– in the three phases (CS habituation, acquisition, and extinction) for low (LSA) and high social anxiety (HSA). CS+, agent paired with aversive unconditioned stimulus (US); CS–, agent without aversive US. Mean HR response (presented in beats per min) was given. Significant differences are indicated with an asterisk. Standard errors are presented by error bars.



Investigating differences in the CS habituation phase, an ANOVA confirmed no significant effects. For the acquisition phase, an ANOVA confirmed a significant effect of Time, F(1,52) = 42.3, p < 0.001, [image: image] = 0.45, which indicates an increase from the beginning (M = 4.59, SD = 5.22) to the end (M = 7.75, SD = 6.24). The HR response results indicate only activation during the fear acquisition in both groups.

For the extinction phase, an ANOVA revealed significant effects of Time, F(1,55) = 41.7, p < 0.001, [image: image] = 0.43, and Time × Social Anxiety × Gender, F(1,55) = 4.78, p = 0.033, [image: image] = 0.08. A follow-up ANOVA was conducted for each group. For LSA, there was a significant effect of Time, F(1,20) = 6.05, p = 0.023, [image: image] = 0.23, and Time × Agent × Gender, F(1,20) = 6.05, p = 0.023, [image: image] = 0.23. A follow-up ANOVA for the significant interaction showed for men a marginally significant effect of Time × Agent, F(1,14) = 4.10, p = 0.062, [image: image] = 0.23, and for women a significant increase from the beginning to the end of the extinction, F(1,15) = 11.9, p = 0.003, [image: image] = 0.44. For HSA, a significant effect of Time, F(1,20) = 6.05, p = 0.023, [image: image] = 0.23, and Time × Gender, F(1,20) = 6.05, p = 0.023, [image: image] = 0.23, was found. A follow-up t-test revealed that during extinction the HR response for women increased significantly, t(14) = −5.621, p < 0.001, d = 0.5, but not the HR response for men (p = 0.292). The HR response results show higher activation during extinction for women compared to men in both groups.

DISCUSSION

The present study examined gender differences in low and high socially anxious participants regarding the acquisition and extinction of conditioned social fear to virtual female and male agents. Participants actively approached virtual agents using a joystick in a setting similar to the one used by Reichenberger et al. (2017). During the experiment the following primary outcome variables, which are defined for each of four levels of emotional reactions, include experience (fear ratings), psychophysiology (fear-potentiated startle), behavior (avoidance) and cognition (unforeseen recognition memory task). Secondary outcome variables were personality traits, contingency ratings, SCR and HR response.

In line with previous experiments (Shiban et al., 2015; Reichenberger et al., 2017), the applied SFC paradigm proved to effectively induce conditioned responses. After acquisition, both groups exhibited enhanced social fear responses to the CS+ compared to the CS− agent. Such successful social fear conditioning was reflected by our primary outcome variables, e.g., fear ratings, fear-potentiated startle, and behavioral avoidance.

Consistent with our hypotheses, fear ratings clearly increased for CS+ compared to CS− after the acquisition phase and fear conditioning was enhanced in women compared to men in both groups. Interestingly, there were no increased fear ratings to CS− agents after acquisition in HSA compared to LSA participants. Furthermore, we found no enhanced fear ratings when approaching male agents in comparison to female agents.

Regarding the primary variable within the physiological measures, a clear difference in the fear-potentiated startle between male CS+ and CS− at the end of the acquisition indicates a successful SFC to male agents in both groups. However, the fear-potentiated startle response to both female CS+ and CS− agents habituated during acquisition. Thus, primary physiological results indicate enhanced fear responses and enhanced social fear conditionability to male than to female agents.

Concerning the primary behavioral outcome, we found a generally increased avoidance to agents in HSA compared to LSA participants in the BATs. Furthermore, there was no significant change in the distance to CS+ before and after acquisition, but a decrease in the distance to CS− in both groups. In line with Iachini et al. (2014), we found a larger distance to male compared to female agents in fear conditioning for HSA women. Interestingly, HSA men do not seem to differentiate between a female or male aversive person.

The subsequently conducted recognition memory task revealed that participants replied with higher sensitivity for agent than for object stimuli. Therefore, we could conclude that the ability of the participants to correctly distinguish between the target and distractor was better for social (agents) compared to neutral (objects) cues and that the attention was focused more on social cues. Furthermore, we found the highest sensitivity for NS compared to CS+ and CS− stimuli. Concerning the social cue, participants were better at distinguishing the target from the distractor for the NS compared to CS+ and CS− agent. Regarding the decision-making response criterion, HSA exhibited a more conservative response style than LSA participants, which means that HSA tend to avoid a false alarm and give rather the response No than Yes. In general, participants showed a more conservative response style for agent than for object stimuli. Furthermore, HSA responded in a more conservative manner than LSA participants by comparing the agents with each other.

Concerning the secondary outcome variables, women estimated the appearance of the US to be more likely in the presence of a CS+ agent than men reflected in the contingency ratings. With regard to HR response, there was activation from the beginning to the end of acquisition, but no differentiation between the stimuli or groups. Moreover, we observed higher SCR in women at the end of acquisition compared to men, but no CS+/CS− differences were revealed. Our SCR and HR response results were only partly in concordance with the primary outcome variables. First of all, an attenuated physiological change following conditioning due to high interindividual differences in fear responses on the physiological level is reported frequently (Craske et al., 1991). Secondly, the segmented time period for SCR and HR response were 6 s after onset approaching the agent, but due to the startle noise at about 6, 5–7 s, it was not possible to analyze the interesting uncertain “second half” approach toward the agent. Following this, we assume that in the first half of the approach participants exhibited a lower sensitivity of fear responses.

Regarding the personality traits and dispositions, we found that rather submissive participants showed enhanced social fear learning, whereas rather dominant participants exhibited a tendency for reduced social fear learning. Regarding the coping strategies, HSA participants reported higher vigilance and lower cognitive avoidance as strategies they usually use in comparison to LSA. Vigilance and cognitive avoidance refer to changes in attentional orientation and information processing in situations where individuals are confronted with threat-related information (Krohne et al., 2000). Following our results, HSA persons are more likely to avert attention from threat-relevant stimuli (e.g., aversive agents, CS+) and to inhibit further processing of such information. In contrast, HSA show an increased intake and comprehensive processing of threatening information. Krohne et al. (2000) suggest these two tendencies as independently varying personality dimensions, and assume that emotional arousal triggers the tendency to cognitive avoidance of threat-related cues (control of anxiety), while uncertainty activates vigilant behavioral tendencies (control of danger). Measuring attentional orientation and information processing in social threat-related situations on a behavioral level, it would be interesting to analyze the gaze of low and high socially anxious via an eye-tracking method.

Regarding fear extinction in the fear and contingency ratings, the variation between the CS+ and CS− that followed acquisition vanished after the extinction phase for both groups. Interestingly, comparing fear ratings before and after extinction in HSA, ratings for CS+ were higher by women than by men, suggesting higher resistance to extinction in women compared to men. However, we found no stronger fear of CS+ agents during fear extinction in HSA compared to LSA. The fear-potentiated startle reflected a further habituation for CS+ and CS− stimuli, indicating successful social fear extinction. No generalization effect was reflected by the subjective and physiological measures.

In the present study, a SPIN cut-off value of 19 was used to distinguish between LSA and HSA participants. According to Sosic et al. (2008) a cut-off score of 25 provides the optimal basis for differentiating between individuals with SAD and healthy controls. Thus, our HSA sample could not be regarded as a clear clinical sample. However, the cut-off value of 19 is sufficient to secure a sample of participants that have significant higher social fear than average persons (Connor et al., 2000). The sample, which consisted mainly of young students, might be another limitation that should be considered when generalizing the results to a broader context.

Besides the higher social fear conditionability in women, the menstrual cycle phase might be another factor influencing conditioning and extinction of social fear. Using a 2-day fear conditioning and extinction protocol, Milad et al. (2006) reported reduced extinction memory among women in the late follicular cycle phase in comparison to women in the early follicular phase and men. Thus, hormones prevailing in the late follicular cycle phase might attenuate extinction recall. The effect of particular hormones in different cycle phases on social fear learning and extinction could also be investigated in a larger female sample using the SFC paradigm in VR in the future.

Furthermore, individual factors, such as personality traits and dispositions, should be emphasized more in future SFC research to better understand their predictive influence for developing SAD (Beckers et al., 2013). For example, we included individual submissive and dominance behavior as well as coping mechanisms, e.g., vigilance and cognitive avoidance, in a first step for a broader investigation. In future, we will measure coping strategies and individual dispositions, e.g., submissive and dominance, with more regard to the presented social interaction for a more comprehensive examination.

CONCLUSION

Our SFC paradigm is a useful tool to investigate the learning and unlearning of social fear in a VR setting with enhanced ecological validity. Regarding fear ratings, women showed an enhanced fear conditioning compared to men, but we found no enhanced fear ratings when approaching male compared to female agents. Furthermore, concerning the contingency ratings women also estimated the appearance of the US to be more likely in the presence of a CS+ agent compared to men. Interestingly, the fear-potentiated startle reflected enhanced fear responses and enhanced social fear conditionability in male compared to female agents. Additionally, HSA women showed a larger behavioral avoidance to male compared to female agents in fear conditioning, whereas HSA men do not seem to differentiate between female or male aversive persons. Interestingly, participants’ gender was relevant for measures prone to be influenced by reflective processes (fear and contingency ratings as well as SCR), while more automatic measures like fear-potentiated startle and also behavioral avoidance seem to depend on the gender of the virtual agent. Our SFC paradigm aims to achieve a deeper understanding of the underlying mechanisms of development and maintenance of social anxiety in men and women. Altogether, the present research is one of few examples of a fear conditioning paradigm with social interactions in a standardized and experimentally controlled way, with a disorder-relevant US to examine affective learning, and with a high ecological validity. VR allows more interactive experimental designs which increase the realism of the social interaction and can reveal enhanced behavioral responses (Wieser et al., 2009). Thus, empirical research on social anxiety can benefit from using VR. Our study is the first to investigate the mentioned conditioning effect in a paradigm that aims – in contrast to classical paradigms – to enhance ecological validity while securing experimental control. Furthermore, we included approach behavior to anthropomorphic agents as a feature as well as a dependent variable. Moreover, we involved independent variables such as the gender of participants, gender of agents, and social anxiety in one study and thus could investigate interaction effects between these factors. Furthermore, we consider the novelty and the strength of our study in introducing a VR paradigm, which is a promising tool to measure emotional learning processes on each of the four levels of emotional reactions including experience, psychophysiology, behavior, and cognition with an enhanced ecological validity. Further research is needed to expand our findings by increasing a more heterogeneous sample and by testing individuals suffering from SAD. In addition, next steps could be the involvement of the oxytocin system (Zoicas et al., 2014; Neumann and Slattery, 2016) and including eye-tracking analysis (Mühlberger et al., 2008; Wieser et al., 2009; Dechant et al., 2017).
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