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ABSTRACT
Neuroticism trait is highly associated with mental disorders and psychopathology. Higher levels of neuroticism have been suggested to coexist with higher levels of avoidance and avoidance behaviors are considered to have a crucial role in anxiety-related disorders. Although neuroticism has been the most frequently studied personality trait in stress research, only a few studies have examined how it is related to the acquisition of conditioned avoidance. The aims of this study were two (1) to investigate the relationship between neuroticism trait and conditioned differential avoidance, (2) to investigate the relationship between neuroticism trait and differential relief rating. The experimental design of the study was based on experimental procedures used in the study of San Martin and her colleagues (2020) and consisted of 3 phases: 1) Pavlovian phase, 2) Instrumental phase, and 3) generalization phase. In a sample of 195 participants (N=195), two lamp colors (CS +) were associated with an aversive sound (US), while a third color was not (CS -). Next, participants could effectively avoid the US (CS + av), by clicking a button during the presentation of the CS +, but not during the presentation of the CS + unav. Avoidance generalization was investigated via button clicks during morphed colors between CS + av and CS + unav. During the experiment, participants completed relief rating, fear rating and US expectancy rating scales. Results did not reveal a significant relationship between neuroticism trait and differential avoidance (CS + av, CS -) and between neuroticism trait and differential relief rating. Taken together, individual differences in neuroticism did not play a significant role in avoidance frequency and in relief rating. However, the avoidance conditioning paradigm was successful, showing that participants successfully acquired the contingencies, learned what to fear and avoid, as well as generalized their fear and avoidance to similar stimuli. 
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The big Avoidance Project
The relationship between Neuroticism and conditioned avoidance
[bookmark: _Hlk87276883]      Avoidance is a defensive action that serves to prevent confrontation with a potential threat (San Martin, 2020). It can be adaptive when the threat is genuine, but unessential and maladaptive when there is not any real threat (San Martín, Jacobs, Vervliet, 2020). Excessive avoidance of realistically non-dangerous stimuli is a central characteristic of anxiety-related disorders (Pittig, Wong, Glück, Boschet, 2020). For instance, those diagnosed with a social anxiety disorder might avoid crowds of people or hang out with a group of friends because they do not want to feel uncomfortable, although the chance of such event happening is low (Heimberg, Hoffman, Liebowitz, Schneier, Smits,  Stein, Hinton, Craske, 2014; Mohammadkhani, Abasi, Pourshahbaz, Mohammadi, Fatehi, 2016). 
[bookmark: _Hlk87276831][bookmark: _Hlk87280534]    In humans, aversive learning is perceived to be a pathway toward developing anxiety-related psychopathology. This type of learning is usually acquired and tested through conditioned avoidance tasks (Lenaert, Boddez, Griffithb, Vervliet, Schruers, Hermans, 2014). In these tasks, two phases, a “Pavlovian” and an “Instrumental phase”, are entailed. During the Pavlovian phase, individuals first learn that a conditioned fear stimulus (e.g., a picture of a circle; Conditional Stimulus or CS +) is followed by an aversive stimulus (e.g., electric stimulation or a scream; Unconditional Stimulus or the US)  and then, they typically acquire conditioned fear towards the CS + (Garofalo & Robbins, 2017; Krypotos, Vervliet & Engelhard, 2018; Krypotos, Vervliet & Engelhard, 2018; Rescorla, 1988). During the instrumental phase, individuals learn to perform simple avoidance responses to avoid the US whenever the CS + is presented, for example by pressing a button. Successful avoidance responses usually reduce the conditioned fear, reinforcing the avoidance behavior (Pittig & Dehler, 2019). 
     Avoidance generalization has also been a topic of great interest over the last decade in the field of human conditioning (San Martín et al., 2020a), since many anxiety patients suffer from generalized avoidance behaviors. Avoidance generalization occurs when an avoidance response is expressed to a stimulus that is similar to the actual CS and it is usually adaptive and useful (Lenaert et al., 2014). However, it can become maladaptive, when it results in an excessive avoidance from threat-related stimuli to similar but harmless cues, a phenomenon called avoidance overgeneralization (Lemmens, Beckers, Dibbets, Kang, Smeets, 2021). For example, an individual may avoid all dogs after an aversive experience (e.g., a bite) with a specific dog. Likewise, individuals who show overgeneralization may be more prone to avoid innocuous situations that could trigger their anxiety (Lenaert et al., 2014). 
     Individual differences in conditioning have been linked to personality traits, such as neuroticism. Higher levels of neuroticism have been suggested to coexist with higher levels of conditioned avoidance (Panitz, Sperl,  Hennig, Klucken, Hermann, Mueller, 2018). The study of neuroticism trait has enormous health implications and it has been one of the main focus of research in the field of psychopathology, since it is strongly associated with many mental disorders (Aldinger, Stopsack, Ulrich, Appel, Reinelt, Wolff, Grabe, Lang & Barnow, 2014; Barlow, Ellard, Sauer-Zavala, Bullis &Carl, 2014; Brandes & Tackett, 2019). Neuroticism is the trait disposition to experience negative feelings, including anger, anxiety, self‐consciousness, irritability, emotional instability, and depression. Individuals with high levels of neuroticism are considered to have a negative reaction to environmental stress, interpret ordinal situations as threatening, and can feel hopeless only by experiencing a small frustration (Zhang, 2002; Kamarulzaman & Kamarulzaman, 2009; Widiger & Oltmanns, 2017). 
[bookmark: _Hlk87282733][bookmark: _Hlk87281490]     Although Neuroticism has been the most frequently studied personality trait in stress research, only few studies have examined how it is related to the acquisition of conditioned avoidance (Schneider, Rench, Lyons, & Riffle, 2012). In a previous research conducted by Lommen, Engelhard and Hout (2010), it was found that people high in neuroticism used to avoid more stimuli when confronted with ambiguous threat signals than those low in neuroticism (Lommen, Engelhard & Hout, 2010). Given the relation between neuroticism trait and avoidance, we think that neuroticism will influence conditioned avoidance and for this reason, we are going to examine it in the present study. 
     Many authors have been interested in what makes individuals high in neuroticism more vulnerable to excessive avoidance behavior (Ackerman. T, 2017; Deutsch, Smith, Freudinger, Reichardt, 2015). Avoidance behaviors can be reinforced by relief, a positive emotion that is triggered after reduction or elimination of a negative feeling or event (Vervliet, Lange, Milad,  2017).(San Martín et al., 2020b) This could be further explained by the idea that a high expectancy of threat produces strong relief during avoidance, resulting in a negative reinforce of the behavior that is considered as maladaptive (e.g., dysfunctional coping behavior) (Mohammadkhani, Abasi, Pourshahbaz, Mohammadi, Fatehi, 2016). Specifically, since individuals high in neuroticism are considered to react more to events, situations, or stimuli that are perceived as dangerous or unpleasant by using avoidance behavior, they might experience as well higher levels of relief after avoiding (Deutsch, Smith, Freudinger, Reichardt, 2015). In this study, we considered important, as a second goal, to examine this hypothesis by investigating the relationship between neuroticism trait and relief-rating scores. 
     This study is part of a bigger project that investigates what factors predict whether someone will develop conditioned avoidance. The present experimental design is based on experimental procedures used in the study of San Martin and her colleagues (2020) and consists of 3 phases: 1) Pavlovian phase, 2) Instrumental phase, and 3) Generalization phase. The study design is a within-subject design, in which all participants are tested for differences in each phase of the online experiment. Individual differences in neuroticism trait are one of the major traits and a predictor of mental disorders with clinical relevance (Kalokerinos, Murphy, Koval, Bailen, Crombez, Hollenstein, Gleeson, Thompson, Van Ryckeghem, Kuppens, Bastian, 2020). In this study, we examine how individual differences in neuroticism trait interfere with conditioned avoidance learning in an online experiment. The most prevalent personality framework for measuring the Neuroticism trait is the Big Five Inventory (BFI), also known as the Five-Factor Model of personality (Ackerman, 2017).
     The first research question of the study was to investigate the relationship between neuroticism traits and conditioned differential avoidance (CS +, CS -). We hypothesized that individuals who scored high on the Neuroticism scale of the BFI compared to those with a low score, would avoid more stimuli (more button clicks) during the online experiment. The second research question was to investigate the relationship between neuroticism trait and relief-rating scores. We expected to find a significant relationship between them, hypothesizing that individuals high in neuroticism would score higher relief rating during the experiment, since they would feel more relief after avoiding the aversive stimulus.
2. Methods
2.1 Participants
A total of 197 individuals took part in the online study. Two participants were excluded because they did not meet the age inclusion criteria, leading to a final sample of 195 participants (62.1 % female and 37.9 % male, mean age 24.41, range 19-35 years). Τhe recruitment was done through social media sites, personal communication, and the SONA system (i.e., a platform where students sign up for studies carried out by other Utrecht University students and researchers). Participants completed a mandatory self-report form upon the start of the online experiment to be screened for any exclusion criteria. The exclusion criteria included pregnancy, cardiovascular conditions, other serious medical conditions, current psychiatric disorders, having received medical instructions to avoid stressful situations, having hearing problems, color-blindness, or lack of fluency in English. Before the experiment, participants digitally signed informed consent and were informed that they could decline further participation at any time during the experiment. 
2.2 Stimuli and apparatus  
      Conditional stimuli and generalization stimuli. The picture used as Conditional Stimulus (CS) depicted an office room with a desktop lamp that could be of color yellow (580 nm), green (502 nm), or red (642 nm). The CS + av was the conditional stimulus that could be avoided and was represented by a yellow lamp, the CS + unav was the CS followed by the US that could not be avoided and was represented by the red lamp and the CS - was the CS not followed by the US and represented by the green lamp. The CS + and the CS - were counterbalanced.  The generalization stimuli were four and since they should show some similarity to the CSs colors, half of them were two colors between yellow and red (600 nm, 620 nm) and half of them were two colors between yellow and green (560 nm, 540 nm) (San Martín et al., 2020b).
      Unconditional stimulus. The aversive sound stimulus consisted of a fear-inducing female scream from the Characterization of the International Affective Digitized Sounds (IADS) by discrete emotional categories (Stevenson & James, 2008).
     US-expectancy rating. The US-expectancy measure gave us an indication about the extent to which participants anticipate the aversive stimulus to appear after the presentation of the CS + (Hermans et al., 2002; Landkroon et al., 2019). During this process, the participants were asked to rate the subjective likelihood of a US following the subsequent presentation for each of the three colors (CSs) on an ordinal scale with six questions, with the left end of the scale labeled as “not at all” and the right end “extremely” “On a scale from 0 to 10 (1 = not at all, 10= extremely), how much did you expect to hear a scream during the presentation of green/yellow/red?”. Retrospective ratings of the instrumental phase consisted of 6 questions, separating the expectancies to each color under hypothetical conditions of clicking or not clicking the avoidance button “On a scale from 1 to 10 (1 = not at all, 10 = very much), how much were you expecting to listen to the sound if you did/didn't press the button during green/yellow/red?” (adapted from San Martín et al., 2020).  
     Fear rating. Fear-rating questionnaires were administered after each block of each phase, asking the question “How afraid were you of the color of this lamp” in order to measure participants’ fear. This was measured by using an ordinal Visual Analogue Scale (VAS) with values ranging from 1 (not fearful at all) to 10 (very fearful). Participants could move over the scale with the computer mouse and complete their rating by clicking the left mouse button.    
     Relief rating. Relief-rating questionnaires were administered on a VAS along with the question “How pleasant was the relief that you felt?” and labeled “Neutral” on the left and “Very pleasant” on the right end of the scale. “A VAS scale appeared on the screen 4 s after the stimulus presentation on all trials of the instrumental and generalization phase and lasted for 5,5 s. Participants could move over the scale with the computer mouse and rate the level of relief by clicking a point on the scale.
     Unpleasantness of the US rating. After the first block of the Pavlovian phase, participants were asked to rate the level of unpleasantness of the sound (US) they had heard. Participants were asked: “How unpleasant did you find the sound you just heard?” and they could choose any point on the scale with their computer mouse. This was measured by using an ordinal VAS with values ranging from 1 (very pleasant) to 10 (very unpleasant).
    Trait questionnaires. The Neuroticism scale of the BFI of Goldberg was used to measure the neuroticism trait. The BFI is a self-report inventory designed to measure the Big Five dimensions of personality. The big five factors include Εxtraversion, Οpenness to experience, Αgreeableness, Νeuroticism, and Conscientiousness. The BFI consists of 44 items, but the Neuroticism scale contains eight questions that measure the central feature of neuroticism. This framework applies to people in many countries and cultures around the world as well as it also provides a reliable assessment scale for measuring personality (Ackerman, 2017). Previously tested reliability of the BFI was typically ranged from 0.79 to 0.88 (Gnambs, 2014; Gosling, Rentfrow, Swann, 2003). In addition, BFI shows high convergent validity with other self-report scales and with peer ratings of the Big Five (Choon Hee, 2014). 
2.3 Procedure
    The research is evaluated and approved by the Board of the Faculty of Social and Behavioural Sciences of Utrecht University (Code 21-2190). The experimental task was programmed in the software Gorilla (Anwyl-Irvine et al., 2020). Participants gained access to the study via a weblink.  At first, they were presented with the information letter and the consent form, where they were informed about the experimental procedure of the study. Then, they were screened for exclusion criteria, and they could give their permission by selecting a box of agreement. After having given their consent, participants saw a screen with the instructions for filling the Positive and Negative Affect Scale (PANAS) (Watson et al., 1988), to assess their individual’s states before the experimental task. Then, they could press a button to go to the next step for starting the task.  Before the avoidance paradigm was introduced, participants were instructed to put in their headphones and to volume up to 70%. Then, they were introduced for the first time to the aversive sound. Afterward, they were presented with a 10-point Likert-scale (0-10) to rate the unpleasantness and the arousal of the sound.
      The experimental task consisted of three phases. In the Pavlovian phase, the avoidance paradigm was introduced by instructing the participants that they would be presented with multiple stimuli and that some of them would be followed by an aversive sound. The purpose of this example was to learn to participants the associations between the CS and the US (contingencies) (see Figure 1). The Pavlovian phase (fear conditioning phase) consisted of two experimental blocks with 8 trials in each block - 4 trials in which the CS + unav was followed by the US, 4 in which the CS + av was followed by the US, and 8 trials in which the CS - was not followed by the US. All these were separated into two blocks, so that in each block one of the CS + was combined with the CS - (order of the blocks was counterbalanced; trial order within each block was pseudo-random). All trials started with a 1s presentation of a context picture of a desktop lamp switched off, after which the lamp lit up in one of the colors for 4s. After, there was a 4 s presentation of the US. After each block, participants submitted fear rating and US expectancy (San Martín et al., 2020).
      The Instrumental (avoidance conditioning phase) phase started with a context picture of a desktop lamp switched off for 1 s and then the CS follows for 3 s (see figure 2). On avoidance trials, availability of the avoidance response was signaled by a red button that appeared on top of the picture 1 s after the onset of the lamp color for a duration of 2 s. On US trials, this was followed by a 4 s presentation of the US. Following removal of the avoidance cue, the lamp color picture remained on screen for another 3 s. The entire phase consisted of two blocks of 4 CS + av, 4 CS + unav, and 4 CS - each (trial presentations were pseudo-random in each block). The US was scheduled after each CS + av and CS + unav trial and by clicking the mouse button during the avoidance cue, participants could effectively cancel the shock to CS + av, but not to CS + unav.  Relief ratings were obtained after the presentation of the CS + av and CS -, but was not obtained after the presentation of CS + unav. Participants submitted fear rating, relief rating and US expectancy rating per trial and block. 
      The generalization phase consisted of three experimental blocks of 7 trials (3 CS and 4 novel GS) (see figure 2). The US-contingencies continued to the 3 CS (avoidable US to CS + av, unavoidable US to CS + unav, and no US to CS -). The timeline that the stimuli were presented was similar to the instrumental phase. The difference in this phase was that the 4 GS were never followed by the US. The avoidance cue was available in all the trials mentioned above. Finally, relief, US expectancy and fear rating questionnaires were also administered after each block of each phase. The experimental design including the number of trials per block can be seen in table 1. 
     After the end of the third phase, participants were presented with the Neuroticism scale of the BFI and they filled it out. Afterwards, they answered questions about demographics (age, sex, occupation, ethnicity, educational status) and then, they were asked if they had removed their headphones or turned down the volume during the online experiment. In the end, they were provided with a debriefing, and they could leave their email address in an extra field, if they wanted to sign up for a lottery, with 50 Euros as a reward.
Figure 1
Fear conditioning phase
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Περιγραφή που δημιουργήθηκε αυτόματα]         
Note. The A figure represents the timeline of CS+ trials. The B figure represents the timeline of the CS- trials. Adapted from “Further characterization of relief dynamics in the conditioning and generalization of avoidance: Effects of distress tolerance and intolerance of uncertainty” by San Martín, C., Jacobs, B., & Vervliet, B. (2020). Behaviour research and therapy, 124, 103526.

Figure 2
Avoidance conditioning and Generalization Phase
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Note. The A figure represents the US trials. The B figure represents the non-US trials. Adapted from “Further characterization of relief dynamics in the conditioning and generalization of avoidance: Effects of distress tolerance and intolerance of uncertainty” by San Martín, C., Jacobs, B., & Vervliet, B. (2020). Behaviour research and therapy, 124, 103526.
	Table 1
Schematic of the experimental design 

	 
	Pavlovian Phase 
	Instrumental 
Phase 
	Generalization
 Phase 

	Block 1  
	CS+ → US (2) 
CS+* →US (2) 
CS- → - (4) 
	CS+ → US (4) 
CS+*→ US (4)
CS- → - (4) 
 
  
	CS+ → US (1) 
CS+* → US* (1) 
CS- → - (1) 
 
G1 → * → - (1) 
G2 → * → - (1) 
G3 → * → - (1) 
G4 → * → - (1) 

	 
	 
	  
	  

	US Expectancy Rating, Fear Rating, CS Aversiveness Rating,  
 
	
	 
	 

	Block 2 
	CS+ → US (2) 
CS+* → US (2) 
CS- → - (4) 
	CS+ → US (4) 
CS+*→ US* (4) 
CS- → -(4) 
 
	CS+ → US (1) 
CS+* → US* (1) 
CS- → -(1) 
 
G1 → * → - (1) 
G2 → * → - (1) 
G3 → * → - (1) 
G4 → * → - (1) 
 

	US Expectancy Rating, CS Fear Rating, CS Aversiveness 
 
	 
	 
	 

	Block 3 
	 
	 
	 

	 
	  
	  
	CS+ → US (1) 
CS+* → - (1) 
CS- → - (1) 
 
G1 → * → - (1) 
G2 → * → - (1) 
G3 → * → - (1) 
G4 → * → - (1)   

	US Expectancy Rating, CS Fear Rating, CS Aversiveness Rating  
	
	 
	 

	Note. Schematic of the experimental design used. The numbers within the brackets denote the number of trials for each stimulus. CS+ Conditional Stimulus followed by Unconditional Stimulus without avoidance availability, CS+* Conditional Stimulus followed by US with avoidance availability, CS- Conditional Stimulus non followed by US, G Generalization Stimulus, US* Unconditional Stimulus avoidance availability, * avoidance availability, - there is no avoidance availability. Adapted from San Martín, C., Jacobs, B., & Vervliet, B. (2020). Further characterization of relief dynamics in the conditioning and generalization of avoidance: Effects of distress tolerance and intolerance of uncertainty. Behaviour Research and Therapy, 124, 103526. Adapted with permission. 





2.4 Statistical analyses 
[bookmark: _Hlk95481415]     Manipulation checks. For each experimental phase, Repeated Measures Analysis of Variance (RM-ANOVA) were conducted to detect how ratings change over time. For the Pavlovian phase, fear rating and US expectancy rating as Dependent variables (DVs) were analyzed through a 3 (stimulus: CS + unav, CS – av, CS -) x 2 (time: block 1 and 2) RM-ANOVA. For the Instrumental phase, the same procedure was followed for fear rating and US expectancy as DVs, with the addition of a two-level question factor (US-expectancy under assumption participant avoided vs under assumption they did not avoid) for the latter DV. Proportional avoidance and relief rating were added as DVs, within a 2 (block) x 3 (CS + unav, CS +av, CS -), and within a 2 (block) x 2 (stimulus: CS + av, CS -) RM-ANOVA respectively. For the Generalization phase, four RM ANOVAs were conducted with the same DVs. The design for the US expectancy as DV was 7 (CS + unav, CS + av, CS -, GS1-GS4) x 3 (block 1, 2, 3) x 2 (question yes, no), for fear rating was 7 (CS + unav, CS  av, CS -, GS1- GS4) x 3 (block 1, 2, 3), for relief rating was 6 (CS + av, CS -, GS1 - GS4) and for proportional avoidance was 7 (CS + unav, CS + av, CS -, GS1-GS4). The last two DVs were only measured in block 1. Greenhouse-Geisser corrections were applied when Mauchly's test of sphericity was significant. In addition, post-hoc comparisons were Bonferroni corrected within each RM-ANOVA model to protect against inflated type I errors and in case of significant interactions. 
     Data reduction. Proportional avoidance was computed by counting the trials in which participants avoided the CS and then was averaged per CS in the second and third phase. The BFI scores entered into IBM SPSS v28 and a total sum score of the questions of Neuroticism scale was calculated. Before performing the correlation analysis, differential avoidance and relief scores were computed for the Instrumental phase to estimate the differences in scores between CS + av and CS -. For the generalization phase, differential avoidance and relief scores were estimated between GS1 and GS4.
     Correlation analysis. A series of correlation analyses performed to assess the two hypotheses: 1) There is a positive correlation between neuroticism trait and differential avoidance. 2) There is a positive relationship between neuroticism trait and differential relief rating scores. For the first correlation analysis, the independent variable was the neuroticism trait, and the dependent variable was the differential avoidance. For the second correlation analysis, the trait of neuroticism was the independent variable, with the differential relief rating scores as the dependent variable. 
3. Results
3.1 Pavlovian phase
     US expectancy rating. A Repeated measures ANOVA was performed to assess if participants learned the CS-US contingencies. The results suggested a main effect of Stimulus (F(1.46, 284.65) = 2308.10, p < 0.001, ηp2 = 0.92), block, (F(1, 194)=18.29, p < 0.001, ηp2 = 0.09) and a Block * Stimulus interaction effect (F(1.63, 316.71) = 4.973, p = 0.007, ηp2 = 0.03). Participants’ US expectancy was the highest for CS + un (M=9.418, SE=0.091), lower for CS + av (M=8.759, SE=0.122), and the lowest for CS - (M=0.618, SE=0.083) (figure 3). That means that as expected, participants successfully learned that CS + av and CS + unav were followed by the US, while CS – was not. US-expectancy in block 2 (M=6.388, SE=0.063) was higher than US-expectancies in block 1 (M=6.142, SE=0.062). 
 Figure 3 
US-expectancy rating across block 1 and 2 for CS + un, CS + av, CS - in fear conditioning phase
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Note. Blue bars represent CS + av, red bars represent CS + un, and green bars represent CS -. US expectancy rating was higher during the two CS + versus CS - and became more specific to CS + un, indicating successful learning of the contingencies. Errors bars represent standard errors of the mean; *p < 0.05; **p < 0.01; ***p < 0.001. See text for further details.
     Fear rating. The results showed a main effect of Stimulus (F(1.37, 264.75) = 464.43,  ηp2 = 0.71, p < 0.001), and a Block * Stimulus interaction effect (F(1.75, 339.51) = 3.29, p = 0.04, ηp2 = 0.02). Participants, as expected, showed greatest fear toward CS + un (M=6.18, SE=0.24), a slightly lower fear toward CS + av (M=5.38, SE=0.22) and the lowest fear toward CS - (M=0.67, SE=0.08). That means that they were more afraid of the US when they could not avoid it, less afraid when they could avoid it and not afraid when the stimuli were not followed by the US (figure 4). 
Figure 4
Fear rating across blocks for each Stimulus in fear acquisition phase
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Note. Blue bars represent CS + av, red bars represent CS + un, and green bars represent CS -. Participants showed higher fear toward CS + un, lower fear toward CS + av and lower fear toward CS -. Errors bars represent standard errors of the mean; *p < 0.05; **p < 0.01; ***p < 0.001. See text for further details
3.2 Instrumental phase
     Proportional avoidance rating. The results of RM ANOVA showed that there is a main effect of Block (F(1, 194) = 9.52, p = 0.002, ηp2 = 0.05) and Stimulus (F(1.57, 305.18) = 774.29, p < 0.001, ηp2 = 0.80). There is no evidence for a significant Block * Stimulus effect (p = 0.14. As expected, avoidance frequency was at its highest for the CS + unav (M=75.71, SE=1.99), a bit lower for CS + av (M=74.42, SE=2.16), and at its lowest for CS - (M=6.41, SE=0.93). That means that avoidance increased for both CS + av and CS + unav, whereas decreased for CS – (figure 5). Proportional avoidance in block 1 (M = 49.92, SE = 1.57) was lower than in block 2 (M = 54.44, SE = 1.50). 
Figure 5
Proportional avoidance for block 1 and 2 across CS + un, CS + av, CS - in Instrumental phase.
[image: ]
Note. Blue bars represent CS + av, green bars represent CS + un, and red bars represent CS -. Avoidance actions were more frequent during the two CS + versus CS-. Errors bars represent standard errors of the mean; *p < 0.05; **p < 0.01; ***p < 0.001. See text for further details.
     US expectancy rating. The results of RM ANOVA showed that participants successfully acquired the avoidance contingencies, as indicated by a significant main effect of Stimulus (F(1.88, 364.52) = 1046.44, p < 0.001, ηp2 = 0.84), factor Question (F(1, 194) = 104.68, p < 0.001, ηp2 = 0.35), and Block * Stimulus interaction (F(1.80, 348.69) = 50.69, p<0.001 ηp2 = 0.21). US-expectancy for level 1 of factor Question (avoid - no) was higher (M=4.99, SE=0.9) than US-expectancy for level 2 of factor Question (avoid- yes) (M=3.80, SE=0.10). Participants’ US expectancy was the highest for CS + un (M=8.52, SE=0.12), lower for CS + av (M=4.07, SE=0.16) and the lowest for CS - (M=0.60, SE=0.09 (figures 6 and 7)). Post hoc analysis with a Bonferroni adjustment revealed that all differences were significant (p<0.001). 
Figure 6
US-expectancy for CS + un, CS + av, CS - across block 1 and 2 under the assumption the participant had not avoided the stimulus.
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Note. Blue bars represent CS + av, red bars represent CS + un, green bars represent CS-. Participants’ US expectancy was the highest for CS + un, lower for CS + av, and the lowest for CS -. 
Figure 7
US-expectancy for CS + av, CS + av, CS - across block 1 and 2 under the assumption the participant had avoided the Stimulus.
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Note. Blue bars represent CS + av, red bars represent CS + un, and green bars represent CS -. Participants’ US expectancy was the highest for CS + un, lower for CS + av, and the lowest for CS -. Errors bars represent standard errors of the mean; *p < 0.05; **p < 0.01; ***p < 0.001. See text for further detail.
      Fear rating. The results showed that there was a significant main effect of Block, (F(1, 194) = 18.98, p<0.001, ηp2 = 0.90), Stimulus, (F(1.84, 356.86) = 542.99, p<0.001, ηp2 =0.74), and their interaction (F(1.87, 363.36) = 29.35, p<0.001,  ηp2 = 0.13). As expected, participants revealed greater fear ratings towards CS + un (M=6.93, SE=0.23), than toward CS + av (M=3.79, SE=0.19), and CS – (M=0.30, SE=0.06). Participants showed higher fear rating in block 1 (M=3.88, SE=0.14) than in block 2 (M=3.46, SE=0.14). Bonferroni corrected pairwise comparisons showed that all differences in fear rating between stimuli were significant (p<0.001). Participants indeed learned that CS + unav and CS +av were followed by the US and that CS – was not followed by the US (figure 8). 
Figure 8
Fear rating across block 1 and 2 for CS + un, CS + av, CS -
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Note. Blue bars represent CS + av, red bars represent CS + un, and green bars represent CS -. Participants showed greater fear toward CS + un, lower toward CS + av and the lowest toward CS -. Errors bars represent standard errors of the mean; *p < 0.05; **p < 0.01; ***p < 0.001. See text for further details.
      Relief ratings. The results showed a main effect of Stimulus (F(1)=69.65, p < 0.001, ηp2 = 0.26), but not a significant effect for Block (p=0.19) and interaction effect, (p=0.06). Relief ratings were higher for CS + av (M=5.54, SE=0.18) than for CS - (M=3.74, SE=0.20). As expected, participants felt higher relief when they could avoid the US and lower relief when they could not avoid (figure 9).
Figure 9
Relief rating across block 1 and 2 for CS + av and CS -
[image: ]                                                                                                 Note. Blue bars represent CS + av and green bars represent CS -. Participants showed higher relief toward CS + av than toward CS -. Relief rating was higher in block 1 than 2 for the CS +av. Errors bars represent standard errors of the mean; *p < 0.05; **p < 0.01; ***p < 0.001. See text for further detail.
3.3 Generalization phase  
   US expectancy rating. The results showed that there was a main effect of Stimulus (F(3.23, 626.88) = 725.01, p < 0.001, ηp2  = 0.80) and Question factor (F(1, 194) = 80.06, p < 0.001, ηp2 = 0.29). Participants’ US expectancy rating was the highest after the presentation of CS + unav (M = 9.30, SE = 0.118) and the lowest after the presentation of the CS – (M = 0.50, SE = 0.07). US expectancy under the assumption the participant had not avoided (avoid no) was higher (M = 3.67, SE = 0.09) than US-expectancy under the assumption they had avoided (avoid yes) (M = 2.97, SE = 0.09) (figure 10). There was a significant main effect of Stimulus * Question interaction, (F(3.44, 666.55) = 45.45, p < 0.001, ηp2 =0.19). There was a difference on the effect of stimulus on US-expectancy between the two questions. Bonferroni corrected pairwise comparisons showed that the difference between all pairs of stimuli on US-expectancy rating was significant (p < 0.001), except between CS - and GS1, which was not significant (p = 1.000). 
Figure 10
Interaction effect between Stimulus and Question on US-expectancy under the assumptions of avoidance yes and no for generalization phase.
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Note. Blue bars represent CS + av, red bars represent CS + un, green bars represent CS -, orange bars represent GS1, yellow bars represent GS2, green bars represent GS3, and pink bars represent GS4. Participants’ US expectancy rating was the highest after the presentation of CS + unav and the lowest after the presentation of the CS -, meaning that participants successfully acquired the contingencies. Errors bars represent standard errors of the mean; *p < 0.05; **p < 0.01; ***p < 0.001. See text for further detail.

     Relief rating. The results showed a main effect of Stimulus (F(3.11, 602.97)=62.51, p < 0.001, ηp2 = 0.24). The results showed the highest relief ratings for GS4 (M = 5.75, SE = 0.20) and GS3 (M = 5.23, SE = 0.21), and the lowest for CS - (M = 3.39, SE = 0.22), GS1 (M = 3.53, SE = 0.22), GS2 (M = 3.95, SE = 0.20), and CS + av (M = 4.71, SE=0.20). Bonferroni corrected pairwise comparisons showed that the difference between all pairs of stimuli was significant (p < 0.001), except for the difference between relief rating for CS - and GS1 (MD = 0.14, SE = 0.11, p = 1.00).
     Proportional avoidance rating. The RM ANOVA results showed a main effect of Stimulus, (F(3.65, 707.90)=204.763, p < 0.001, ηp2 = 0.51). As expected, the avoidance proportion was the highest for CS + un (M = 77.78, SE = 2.467), a bit lower for CS + av (M = 66.15, SE = 2.76), and the lowest for CS – (M = 11.62, SE = 1.90). Post hoc analysis with a Bonferroni correction revealed that differences in fear rating were significant between all pairs of stimuli (p < 0.001), except CS + av and GS4 (p = 1.00) and CS - and GS1 (p = 1.00). 
     Fear rating. The results showed a significant main effect of Stimulus (F(2.59, 502.13) = 386.267, p < 0.001, ηp2 = 0.67). Participants showed the greatest fear toward CS + unav (M = 7.20, SE = 0.25), and the lowest fear toward CS - (M = 0.33, SE = 0.06). Bonferroni corrected pairwise comparisons revealed that all pairs of stimuli were significantly different between them (p < 0.001). In line with our expectations, participants were more afraid of the US when they could not avoid it (CS + unav). 
3.4 Correlations
     A Pearson correlation coefficient was computed to assess the relationship between neuroticism and differential avoidance and between neuroticism and differential relief rating for the instrumental and generalization phase. 
     According to the results of the first correlation analysis, the relationship between neuroticism and differential avoidance in instrumental phase was almost zero and it was not significant (r=.012, p = .868). The relationship between neuroticism and differential avoidance in generalization phase was also not significant (r=-.060, p =.401).  These results mean that as neuroticism score increases, there is no tendency for the differential avoidance scores to increase too, because there is not a linear relationship between those variables. 
     A second Pearson’s correlation coefficient was used to assess the linear relationship between neuroticism and differential relief ratings in instrumental and generalization phase. According to the results, the relationship between neuroticism and differential relief was almost zero and it was no significant in neither instrumental (r=.047, p =.510) and generalization phase (r=-.066, p=.359). These results mean that, in contrast to our expectations, there is no evidence that neuroticism and relief rating scores are related between them. 
4. Discussion 
     In the present study, we examined how individual differences in neuroticism are related to the acquisition of conditioned differential avoidance and differential relief rating scores through a conditioned avoidance paradigm. Although previous studies have shown that individuals who score high in neuroticism tend to avoid more stimuli (Lommen et al., 2010), our results were not similar. Unexpectedly, the results did not show any significant relationship between those variables. In essence, individual differences in neuroticism trait did not influence the differential avoidance responses and differential relief rating scores.   
     Regarding the avoidance paradigm, the results showed that participants successfully learned the contingencies. In all three phases, US expectancy and proportional avoidance showed that participants expected and avoided the aversive stimulus (e.g., female scream, US) more after the CS+s than after the CS -. This means that they were able to differentiate which stimuli were followed by the US and which stimuli were not. Fear rating scores revealed that participants were most afraid of the aversive sound when they could not avoid it (CS + unav), less afraid when they could avoid it (CS + av), and almost not afraid when there was not the US (CS -). As expected, relief rating showed that in all three phases participants felt higher relief when they could avoid the US by pressing the button (CS + av) and less relief when they could not avoid it (CS -). Those results are in line with previous studies that used the conditioned avoidance paradigm (San Martin et al., 2020; Krypotos et al., 2018).  
[bookmark: __Fieldmark__1437_1281715816]     Unexpectedly, the results revealed that participants expected and avoided the US more after CS + un than after CS + av in both Pavlovian and instrumental phases. This may be explained by a “better safe than sorry strategy”, leading to bigger endeavor to avoid what they considered as more “dangerous” (Lommen et al., 2010).  For example, it is possible that they often pressed the space button just to make sure that they would avoid the US, independently of the previous stimuli. In the generalization phase, avoidance frequency was high also for the GSs, showing participants’ tendency to generalize avoidance actions towards situations in which they are unproductive, since there is not real threat (Lemmens et al., 2021). This tendency may contribute to the development of maladaptive avoidance patterns, since someone learns to avoid similar threat-related stimuli even when they are not combined with aversive consequences (Lemmens et al., 2021). 
[bookmark: __Fieldmark__1375_1281715816][bookmark: __Fieldmark__1379_1281715816][bookmark: __Fieldmark__1390_1281715816]     According to the literature, neuroticism is the personality trait most strongly connected to psychopathology, and a crucial domain of personality that has great public health implications  (Aldinger et al., 2014; Barlow et al ., 2014; Brandes & Tackett, 2019). Previous studies have shown that individuals high in neuroticism show cognitive biases in information processing of neutral and threatening stimuli (Lommen et al., 2010). This suggests that those individuals may use a better safe than sorry strategy, which results in avoidance of presumably threatening stimuli, preventing disconfirmation of threat expectations (Brandes & Tackett, 2019; Panitz et al., 2018). However, in our study the results do not reconcile with the existing literature, and they were contrary to our expectations. Several limitations should be taken into consideration when looking at those results. 
      First, the profile of participants could be one limitation, since most of them did not score high on the Neuroticism scale of BFI. This could explain why there was not a significant effect. In addition, some studies have mentioned that relief might makes individuals high in neuroticism more prone to excessive avoidance behavior through a positive feeling that reinforces this behavior (Vervliet, 2020; San Martín et al., 2020a). Since in our study most of the participants did not score high in neuroticism, it could be rational that they did not show higher relief rating respectively. On the other hand, another reason why our main hypotheses were rejected could be related to methodological problems. The distribution of the BFI in English to participants that come from different cultures could influence the way they answer and the results due to inappropriate translations, biased sampling, or nonidentical response styles of people from different culture (Schmitt et al., 2007). The online form of the experiment could also have affected the results, since it was not in the controlled environment of the lab. In the lab participants are likely to ask more clarifying questions and stay focused and engaged in the task, which leads to more valid results respectively (Schmitt et al., 2007). 
     Another limitation is that the avoidance conditioning protocol focuses only on the choice of one avoidance action, since participants can avoid the US only by pressing a button (San Martín et al., 2020a).  Moreover, there is not a high cost linked to the avoidance response. In the future, studies could investigate these factors in a controlled way with higher costs for the participants (e.g., increasing the number of buttons and clicks and adding a higher response cost).
     The small sample size is another limitation of the study, since it may not be representative of the general population. Surveying more subjects would have created more accurate and reliable data. In addition, the long duration of the experiment and the completion of various questionnaires may have influenced the concentration and the motivation of participants. (San Martín et al., 2020a)
     In summary, even though participants successfully learned the avoidance paradigm, this study did not confirm our hypotheses. However, since neuroticism is considered a trait with many health implications and considering the limitations of our study, future studies should be conducted for more valid results. The fact that manipulation checks were effective is in line with previous research, increasing the validity on Avoidance learning tasks (AvTs) and leading in better theoretical insights in the field of avoidance conditioning (San Martin et al., 2020; Krypotos et al., 2018).   
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