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Main Text

Introduction

Classical fear conditioning involves learning an association between a neutral and an aversive stimulus. Through their repeated pairing, the neutral stimulus becomes an indicator for the negative effect (1).  Acquisition refers to the process in which the neutral conditioned stimulus (CS) becomes associated with the aversive unconditioned stimulus (UCS). In contrast, extinction is the opposite process, in which the CS is presented repeatedly without the aversive stimulus, thereby weakening the association between the two.

Fear conditioning may be regarded as an adaptive form of learning, which contributes to survival (2). Nonetheless, occasionally, it may lead to the development of psychological disorders; for example, in cases in which anxious reactivity to a CS continues to exist, even in the absence of an association between the CS and the aversive unconditioned stimulus (3). 
Several theories have postulated that fear conditioning underlies various anxiety disorders (4). Anxiety disorders are the most prevalent psychiatric disorders (5), and the most effective treatment for anxiety disorders is exposure (6). The goal of exposure is to facilitate extinction – that is, to reduce the conditioned fear response to the feared stimuli (7). Although effective psychological and pharmacological treatments exist for anxiety disorders (8), most people with anxiety disorders never seek treatment (9). A possible explanation for these low rates of treatment-seeking is that patients consider confronting feared objects or situations as overly demanding. The lack of treatment-seeking highlights the need for novel interventions.
The inhibitory learning model is a common model used for understanding extinction (10, 11), yet other mechanisms for reducing fear have also been suggested, such as habituation (i.e., a decrease in the strength of reaction to a certain stimulus following repeated exposure to it) (10). According to the inhibitory learning model, in the process of extinction the association between the CS and the aversive stimulus is not erased, but rather a new association is made, such that the CS may be safe.	Comment by Author: Please ensure this citation is linked to the corresponding reference
In recent years, there has been increasing evidence suggesting that fearful responses can occur even without explicit stimulus presentation (2, 12, 13, 14). One study reported that fearful expressions emerge from suppression into awareness more quickly relative to images of neutral or happy expressions, suggesting that emotional expressions might be unconsciously processed (15). These results are supported by findings that show increased amygdala activation in response to fearful faces compared with happy, masked faces (16). These findings are further in line with LeDoux’s (1996) suggestion that a direct path exists between the thalamus and the amygdala, such that information may evoke fear, even without activation of the visual cortex.
[bookmark: _Hlk22563345]If learning can occur without an explicit presentation of a stimulus, and fear can be acquired and experimentally evoked outside of awareness, it is plausible that fear could diminish under similar conditions. Although learning without explicit stimulus presentation has been previously demonstrated, the question of whether fear can be reduced without explicit exposure remains largely unknown, as previous literature does not provide a clear picture. Several behavioral studies tested whether subliminal exposure to images of spiders affects one’s willingness to approach a spider among people who are afraid of spiders (17, 18). In these studies, participants completed a behavioral avoidance test (BAT) one week after a masked exposure to a spider to examine long-term effects of this form of exposure. They were then presented with images of spiders, either masked or unmasked. Participants in the masked condition were more willing to approach a spider than those who were consciously exposed to pictures of spiders. These findings were replicated with two-week and one-year follow-up measurements (17, 19). 	Comment by Author: Please ensure this citation is linked to the corresponding reference
However, these behavioral effects have yet to be corroborated by physiological responses. A recent study measured participants’ skin conductance in response to exposure and concluded that masked exposure is not associated with increased physiological responses in the extinction process. Most importantly, although participants in the masked condition did succeed more in the BAT, no evidence for reduced physiological responses was obtained (20). Yet the most critical point regarding the above findings refers to the inability to determine if the participants were indeed unaware of the extinction stimuli. In these studies, no online measures of awareness (nor subjective neither objective ones; see (21); were taken. Instead, the claim that participants were not aware of the extinction stimuli was based on a preliminary masking experiment, in which participants were unable to identify the masked images. Of particular interest are recent works of Kouider (22) and Koizumi et al. (23), also showing the potential benefit which relies on unconscious exposure. במחקר של 	Comment by Author: Please double-check this citation

 Oyarzún et al (22) instead	Comment by Author: Please ensure the main text consistently includes the English language alone
In the study of Koizumi et al. (23), fear to visual stimuli was acquired through the pairing of stimuli with electrical shocks. Fear was reduced through decoded neurofeedback technology. In Kouider’s (2018) study, a conditioning procedure was conducted such that a neutral stimulus was paired with electrical shocks, and fear was reduced through a measure of treat related responses.	Comment by Author: Please ensure this citation is linked to the corresponding reference	Comment by Author: Please verify this citation (which does not seem to be listed among the references) and ensure it is linked in the proper format	Comment by Author: This was already in English, but something sounds off here. Should it be “treatment-related responses”?

Various techniques have been developed to suppress stimuli from awareness and assess unconscious processing. These techniques measure the impact of specific stimuli on participants’ thoughts, feelings, actions and learning processes (24, 25). We focus on two prominent techniques: visual masking (VM) (26, 27) and continuous flash suppression (CFS) (28). In VM, a stimulus (“target”) is presented for a short duration of several dozens of milliseconds or less, and is immediately preceded/followed by masks, which cause it to be suppressed from awareness (26, 27, 29). On the other hand, CFS relies on dichoptic vision to render stimuli invisible. In other words, a target stimulus is presented to one eye, while the other eye is consistently exposed to a changing pattern of different shapes. This technique prevents participants from seeing the constant target image for a relatively long period of time (up to several seconds) (28). Importantly, the two techniques may involve different underlying mechanisms and may evoke different types of unconscious processing (29, 30, 31); therefore, employing both unconscious methodologies is imperative when studying unconscious processes. 	Comment by Author: Please ensure these citations are linked to the corresponding references	Comment by Author: Please ensure this citation is linked to the corresponding reference
Typically, a combination of subjective and objective measures is used to ascertain that stimuli were indeed invisible. In the former, participants report the content of their perception, either dichotomously (i.e., “I saw/didn’t see the stimulus”) or – more commonly – on a gradual scale (e.g., using the Perceptual Awareness Scale) (32). Objective measures focus on participants’ performance regarding the suppressed stimuli. These objective measures operate under the assumption that, if the stimuli were indeed invisible, participants’ explicit judgment of them should be at chance level (21); for a discussion on the limitations of both subjective and objective measures, see (33))	Comment by Author: Please ensure this citation is linked to the corresponding reference
Two commonly used autonomic measures of fear conditioning are skin conductance (13). Studies have demonstrated that this measure contribute to the understanding of anxiety disorders when used in experiments of fear conditioning (34). The present research aims to evaluate the feasibility and robustness of extinction evoked by unconsciously perceived stimuli by (a) testing for such extinction while carefully measuring and assessing conscious experience of the suppressed stimuli; and (b) testing for the robustness and generalizability of these results by using two different methodologies, CFS (Experiment 1) and VM (Experiment 2). 

Experiment 1
Method 
Participants 
Forty-eight undergraduate participants received course credit for participating in a two-hour laboratory session. All participants provided written informed consent prior to completion of the experiment. 
Stimuli and Apparatus
 	Participants viewed a pre-installed computer presentation on a monitor while changes in their skin conductance were measured, using the 150 MP system of the Biopac GSR100C Company. There, they were presented with conditioned stimuli (CS+ and CS-): either a scared face of a man or a woman (see information in the Supplemental Experimental Procedures). A scrambled face was derived from the same component images so that facial components could not be identified. While the CS was presented, participants received mild electric shocks at a level that they determined to be “aversive” (undesired and unpleasant) and “uncomfortable, but not painful” (35). The electric shock was transferred to the participant via STMEPN system of Biopac Company. Further details are provided in the Supplemental Experimental Procedures.	Comment by Author: If possible, please define this abbreviation at this first instance
Procedure 
All participants underwent three phases during the experiment: acquisition, extinction, and testing (see Figure 1). The experiment started with an acquisition phase, during which participants were presented with a face of a woman or a man, while receiving an electric shock during some of the trials (four practice trials, 12 CS+ trials, 12 CS- trials, six CS-US trials). The order of stimuli appearance was pseudo-randomized. Subsequently, participants underwent an extinction phase, in which they were presented with the same stimuli again, but without receiving electric shock (12 CS+ trials, 12 CS- trials). Participants were then divided into three groups: 1) “unaware group” – a subliminal stimulus (face of a man or a woman) was presented for four seconds in the extinction phase by using CSF, 2) “aware group” –a face of a man or a woman was presented for four seconds, and 3) “control group” – a scrambled face stimulus was presented for four seconds using CSF. 
Participants in the unaware group and the control group, in which CFS was used, were asked two questions at the end of each trial. These questions were used as objective and subjective measures to assess the level of the participants’ awareness. The objective question was: “Was the person in the picture a man or a woman?” The subjective question was: “How visible was the picture?” (1 = “I did not see anything;” 2 = “I had a vague perception of something;” 3 = “I saw a clear part of the image;” and 4 = “I saw the picture clearly.”)
Finally, all participants underwent a testing phase to assess the effects of conscious and unconscious extinction relative to the control group, who received no extinction. In the testing phase, all three groups were presented with the same stimuli that were used in the fear acquisition phase. The stimuli were paired with an electric shock in one of the trials, in order to measure the recovery process in all three groups. Following the testing phase, the experimenter asked participants to complete debriefing questionnaires and to report what they believed to be the purpose of the study. 


Results and Discussion

Objective and Subjective Measures 
[bookmark: _Hlk36122925]First, participants’ responses during the extinction phase in the unaware group were analyzed to test for awareness, to substantiate the claim that the effect we find indeed stem from unconscious processing.
[bookmark: _Hlk43747655][bookmark: _Hlk36123027] The subjective ratings showed that 80.2% of the trials were rated as 1 (“I did not see anything”), and 13.1% as 2 (“I had a vague perception of something”). Only 2.89% were rated as either 3 (“I saw a clear part of the image”) or 4 ("I saw the picture clearly"). Objective performance showed that in visibility 1 trials, participants’ accuracy in the gender judgment task was 48%, and did not differ from chance [(t(13) = 0.6114, p = 0.56].This null result was supported by a which revealed that, given our data, the null hypothesis, of being at chance level
was 3.14 times more likely than the alternate hypothesis.

Skin conductance responses
Acquisition phase 
[bookmark: _Hlk36373825]In order to evaluate the acquisition process, CS+ responses were measured, compared to CS-. Skin conductance responses to the CS+ were larger than those to the CS- [F (1,38) = 311.8, p < 0.001]. This difference was equally pronounced across all groups (F < 1, ns). Furthermore, the Acquisition phase as well as Group (Aware, Unaware and Control), were entered into a 3 × 2 repeated measures analysis of variance (ANOVA). No group differences were identified as both the main effect of Group (F = 2.87; p = .089) and the Phase x Group interaction (F = 0.28; p = .972)

Extinction phase 
To test the effects of within-subjects and between-subjects variables on electrodermal responses, a mixed-model analysis of variance was conducted with a between-subjects factor of condition (aware, unaware, and control) and within-subjects factor of extinction time (early extinction, late extinction and post-test). Analyses were performed separately for early (first half of trials) and late (second half of trials) extinction. 
[bookmark: _Hlk512499967]Main effects of time [F (1, 38) = 13.824, p < 0.001, partial η2 = 0.26] and condition [F (2, 38) = 9.132, p < 0.001, partial η2 = 0.33], as well as the interaction of condition and time, were found [F (2, 38) = 10.739, p < 0.00, partial η2 = 0.36]. 

The pairwise comparison analysis demonstrated that, for the unaware group, responses declined between early and late extinction (p = 0.006) and post-test (p = 0.032). however, responses did not differ between late extinction and post-test (p = 0.938). Similarly, in the aware group, responses declined between early and late extinction (p < 0.0001) and post-test (p < 0.0001), but responses did not differ between late extinction and post-test (p = 0.067). For the control group, responses declined between early and late extinction (p = 0.039). As opposed to the unaware and aware groups, the responses in the control group did not differ between early extinction and post-test (p = 0.528) and increase between late extinction and post-test (p = 0.006).
The pairwise comparison shown in Table 2.

Skin conductance over time
To examine the changes over time in the three groups, normalized skin conductance response (SCR) differences were entered into a two-way mixed-model ANOVA. The generalized linear mixed model (GLMM) analysis revealed a significant effect of time (p < 0.0001), as well as a significant interaction effect (p < 0.0001).

The pairwise comparison analysis demonstrated that, whereas in the acquisition phase, the skin conductance responses in the three groups were similar, the differences between the groups in the extinction phase were more noticeable and differed by the level of awareness. for the unaware group, responses did not differ throughout the acquisition phase (p = 1.00), however declined between late acquisition and post-test (p = 0.029). Similarly, in the aware group, responses declined between early and late acquisition (p < 0.0001) and post-test (p < 0.0001), but responses did not differ throughout the acquisition phase (p = 1.00). For the control group, the responses in the acquisition phase did not differ (p = 1.000). As opposed to the unaware and aware groups, the responses in the control group did not differ between early and late acquisition (p = 1.00) and post-test (p = 0.738).

In order to evaluate between-group differences in the extinction process, a recovery index (RI) was calculated by deducting the CS elicited threat response at the last four trial of extinction from the trials of the post-test. Univariate analysis confirmed a significant group difference on the RI, where the control group (M = 0.105) showed clear indications of recovery, whereas no recovery was observed in the unaware (M = -0.032) and the aware groups (M = -0.077), yielding an effect size (partial η2) of 0.27.
The RI differences scores for the three groups displayed in Table 3, indicated that the confidence interval for mean aware and unaware reduction did not overlap the confidence interval for control mean differences.

The findings of experiment 1 suggest that it is possible to bring about extinction of a fearful CS with CFS through unconscious means.	Comment by Author: OK as edited?
The results of this study support Kouider’s findings, such that the use of the CFS technique led to a decrease in the fear response as measured through treat potential response, but not a measure of skin conductance.	Comment by Author: Please include the relevant citation in parentheses	Comment by Author: Same as in the discussion section. This phrase sounds incorrect.

Experiment 2 examined extinction with VM to determine if the techniques differ in their efficacy in inducing unconscious extinction. Indeed, there is some indirect evidence suggesting differential processes in CFS and VM. For example, several studies employing VM demonstrated that awareness is not necessary for the processing of facial expressions (16, 2004, 36). However, studies using CFS have indicated that participants experience difficulty processing facial expressions unconsciously (37, 38, 39).	Comment by Author: Please verify this citation, as the publication year applied to neither of the other two citations within parentheses. Please also ensure the first two citations are linked


Experiment 2

Similarly to experiment 1, participants in the current experiment first underwent a fear acquisition phase in which a neutral stimulus – an image of a man or a woman – was presented with an accompanying electrical shock. In the second phase, they were presented with the same stimulus again, but this time the stimulus was presented without the electrical shock in the aware and unaware group, or no extinction took place in the control group. Finally, all participants underwent a testing phase to assess the effects of conscious and unconscious extinction relative to the control group. 


Method
The methods of experiment 2 were identical to those described in experiment 1, with the exception of the following:
Participants
The GPower software version 3.0.5 (40) was used to determine the required sample size to obtain an effect size (ES) estimate of 0.25, which was chosen based on the results of the first experiment. The projected sample size needed for an ES of 0.25 with an alpha of 0.05, power (1−β) of 0.95, three groups, and three repetitions was 60. As such, we decided to recruit 72 participants for the current study. Eleven additional participants also took the experiment but were excluded for the following reasons. Three participants were excluded due to technical problems with data recording. Eight participants were classified as non-responders because they lacked a measurable SCR (defined as response higher than 0.02ms) on >75% of the trials and, thus, were excluded from analyses. 

Stimuli and Procedure
Participants were randomly assigned to one of three extinction groups: 1) “unaware group” -- a subliminal stimulus (face of a man or a woman, as detailed in experiment 1) was presented by VM; 2) “aware group”-- a face of a man or a woman was presented for a duration of four seconds; and 3) “control group” -- a scrambled face stimuli was presented by VM. The control group did not undergo extinction.
The extinction phase included 24 trials: 12 trials with a CS+ and 12 trials with a CS-. All of the man/woman pictures used in the acquisition phase were masked by using scrambled face stimuli. The target stimulus was presented for 33 ms and the masked stimuli were presented for an additional 6 s. The stimuli were presented in a counterbalanced order. 

Results and discussion

Objective and subjective measures 
As in experiment 1, awareness was assessed according to subjective and objective criteria. The subjective ratings showed that 83.9% of the trials were rated as 1 (“I did not see anything”), and 13.1% as 2 (“I had a vague perception of something”). Only 2.89% were rated as either 3 (“I saw a clear part of the image”) or 4 (“I saw the picture clearly”). Here, participants in visibility 1 trials were not able to detect whether the picture was of a man or woman at a level greater than chance [M = 47%, SD = 1.38%, t(23) = -1.04, p = 0.152]. This null result was supported by a Bayesian paired-sample t-test which revealed that, given our data, the null hypothesis was 2.86 times more likely than the alternate hypothesis.

Skin conductance responses
Acquisition phase 
[bookmark: _Hlk5351485]In order to evaluate the acquisition process, CS+ responses were measured, compared to CS-. Skin conductance responses to the CS+ were larger than those to the CS- [F (1,69) = 117.5, p < 0.001]. This difference was equally pronounced across all groups (F < 1, ns). Furthermore, the Acquisition phase as well as Group (Aware, Unaware and Control), were entered into a 3 × 2 repeated measures ANOVA. No group differences were identified as both the main effect of Group (F = 0.35; p = .96) and the Phase x Group interaction (F = 0.233; p = .800).	Comment by Author: Please ensure p-values are presented consistently throughout the manuscript. Some p-values have a zero before the decimal point, while others do not. Please double-check for consistency, as the author guidelines do not specify a preference


The pairwise comparison analysis demonstrated that, for the unaware group, responses declined between early and late extinction (p = 0.006) and post-test (p = 0.032). however, responses did not differ between late extinction and post-test (p = 0.938). Similarly, in the aware group, responses declined between early and late extinction (p < 0.0001) and post-test (p < 0.0001), but responses did not differ between late extinction and post-test (p = 0.067). For the control group, responses declined between early and late extinction (p = 0.039). As opposed to the unaware and aware groups, the responses in the control group did not differ between early extinction and post-test (p = 0.528) and increase between late extinction and post-test (p = 0.006).
The pairwise comparison shown in Table 3.


Extinction phase 
To test the effects of within-subjects and between-subjects variables on electrodermal responses, a mixed-model analysis of variance was conducted with a between-subjects factor of condition (aware, unaware, and control) and within-subjects factor of extinction time (early extinction, late extinction and post-test). Analyses were performed separately for early (first half of trials) and late (second half of trials) extinction. 
Main effects of time [F (1, 69) = 83.954, p < 0.001, partial η2 = 0.35] and condition [F (2, 69) = 7.998, p < 0.001, partial η2 = 0.33], as well as the interaction of condition and time, were found [F (2, 69) = 43.541, p < 0.00, partial η2 = 0.3]. The post-hoc pairwise comparison for the main effect of time showed a difference between skin conductance responses for participants in the control group and participants in the aware group (p < 0.001), as well as between those in the control group and the unaware group (p < 0.001). No differences in SCR were found for the unaware group and aware groups in the post-test phase (p = 0.06; additional analyses appear in Table 4).


Skin conductance over time
Figure 3 presents the changing pattern of skin conductance over time. Whereas in the acquisition phase, the skin conductance responses in the three groups were similar, the differences between the groups in the extinction phase were more noticeable, and differed by the level of awareness. The GLMM analysis revealed a significant effect of time (p < 0.0001), as well as a significant interaction effect (p < 0.0001).



[bookmark: _Hlk42872788]The pairwise comparison analysis demonstrated that, for the unaware group, responses declined between early and late extinction (p < 0.0001) and post-test (p < 0.0001); however, responses did not differ throughout the acquisition phase (p = 1.00). Similarly, in the aware group, responses declined between early and late extinction (p < 0.0001) and post-test (p < 0.0001), but responses did not differ throughout the acquisition phase (p = 1.00). For the control group, the responses in the acquisition phase did not differ (p = 0.176). As opposed to the unaware and aware groups, the responses in the control group did not differ between early and late extinction (p = 1.00) and post-test (p = 0.635).

In conclusion, the results of this study demonstrate a similar decrease in skin conductance, both in the conscious and unconscious groups. At the acquisition phase, as well as the initial phase of extinction, there was no difference between the groups. Yet in the final extinction phase and in the post-test phase, participants’ levels of skin conductance decreased in both the conscious and unconscious group, but not in the control group. These findings provide clear evidence for a decrease in skin conductance both in the conscious and unconscious groups, but not in the control, and generalizes the results of experiment 1 to another technique for rendering stimuli invisible.

In order to evaluate between-group differences in the extinction process, a RI was calculated by deducting the CS elicited threat response at the last four trial of extinction from the trials of the post-test. Univariate analysis confirmed a significant group difference on the RI, where the control group (M = .0608) showed clear indications of recovery, whereas no recovery was observed in the unaware (M = -.0546) and the aware groups (M = -.0467), yielding an effect size (partial η2) of 0.42.	Comment by Author: As this has already been defined, the abbreviation alone is adequate at this point
 The RI differences scores for the three groups displayed in Table 5, indicated that the confidence interval for mean aware and unaware reduction did not overlap the confidence interval for control mean differences.

In this experiment, as in the first experiment, decreases in skin conductance responses were demonstrated among participants in the exposure groups, but not those in the control groups. The results of these experiments strengthen the findings of Weinberger and Siegal. In Weinberger and Siegel’s experiment, a decrease in skin conductance responses was found; however, the issue of awareness was only tested in a preliminary experiment in which they tested the extent of stimuli awareness among participants. They did not use objective and subjective measures as we did in the current experiment. Therefore, the results of the current experiment have significant applicability for unconscious extinction.	Comment by Author: Please specify whether the citations in these sentences refer to references 17 or 18 and ensure they are linked

Discussion
From the results of experiments 1 and 2, it is evident that there was a decrease in skin conductance responses when using both the CFS and VM techniques. In a test of the acquisition process, it appears that acquisition indeed occurs: Increased skin conductance responses were demonstrated in response to CS+ relative to CS-. Additionally, there was no difference in the level of skin conductance responses among the three groups at the acquisition stage. In the early extinction phrase, there was no difference across the three groups in regard to skin conductance responses. However, during the late extinction and post-test extinction phases, skin conductance responses decreased among participants in the conscious and unconscious exposure groups, but not among those in the control group. A RI was calculated by subtracting the responses across the last four trials of extinction from the post-test trials. This measure demonstrated that recovery occurred only among those in the control group; there was no recovery evident among participants in the unconscious exposure group or the conscious exposure group.	Comment by Author: This sentence is a bit different than the original Hebrew, but it matches the English text from the paper – I think it’s better this way so that it’s consistent.

In the current experiment, we showed that there was no significant difference between the group that underwent conscious exposure and the group that underwent unconscious exposure, as opposed to the group that did not undergo any exposure at all. These findings lead the way for establishing a new therapeutic protocol, which relies on unconscious exposure. This type of protocol has never been conducted; however, some studies suggest that extinction through unconscious exposure can be effective. Recently, with the use of a novel and sophisticated brain imaging approach, it has become possible to perform fear extinction even without awareness (23). In the present study, fear to visual stimuli was acquired through the pairing of the stimuli with electrical shocks and the process of fear extinction was performed through decoded neurofeedback technology. 	Comment by Author: Is this what was meant? The Hebrew is: חשיפה גלויה	Comment by Author: Please ensure this citation is linked to the corresponding reference

However, the suggested fMRI protocol is not easy to implement in a clinical setting. There is evidence that therapeutic processes occur during VM (Siegel, 2018) and CSF (Kouider, 2018). Therefore, the results of the current study add to the existing evidence that demonstrate the ability to perform extinction under conditions of unconscious awareness. The applicability of this methodology, which does not require equipment beyond a computer screen or a cellular phone, means that it can be easily used in exposure therapy. The current study did not focus on a clinical population that underwent treatment. Future research should examine the effectiveness of performing unconscious extinction using a VM technique with a clinical population. Exposure therapy is known to be the most effective treatment for anxiety disorders (6). However, despite its efficacy, therapy dropout is high (Zayfert et al., 2005). Therefore, it is essential to develop a therapeutic tool that will allow patients to more easily confront aversive stimuli, and that will be both simple and accessible for therapists to use in their clinics. 	Comment by Author: Please verify the details of this citation and ensure it is linked. The author and year combination do not match any in the reference list	Comment by Author: Please verify this citation (which does not seem to be listed among the references) and ensure it is linked in the proper format	Comment by Author: Please ensure this citation is linked to the corresponding reference	Comment by Author: Please verify the details of this citation and ensure it is linked. It does not seem to be listed among the references. Might this be reference (41)

The findings of the current study shed light on what appears to be extinction’s independence from awareness. A major mechanism involved in extinction learning is inhibitory learning. From a classical conditioning perspective of extinction, the relationship between the CS and the aversive stimulus is not eradicated, rather a new inhibitory connection is created between the conditioned stimulus (dog) and the aversive stimulus (bite), whereby the conditioned stimulus does not predict the aversive stimulus (inhibitory meaningful stimulus). The inhibitory condition “competes” with the condition that elicits the chosen response. One of the therapeutic strategies that supports the inhibitory learning model is expectancy violation. This strategy is based on the premise that a gap between expectations and actual outcomes is critical for learning new inhibitory expectations, which would then compete with previous expectations. In this strategy, the purpose of exposure is to violate, or break, the patient’s negative expectations. 

Given that extinction learning is based on the formation of non-coincidental relationships between conditioned and unconditioned stimuli, awareness of the stimuli as well as the non-occurrence of the unconditioned stimulus is essential (10). Findings of the current study indicate that extinction can also occur outside of conscious awareness, and therefore it may be that exposure could also occur outside of awareness, contrary to what the theory would expect.	Comment by Author: Please ensure this citation is linked to the corresponding reference

In the current study, we chose to use two techniques to subliminally present stimuli: VM and CFS. In the VM technique, the target stimulus is displayed for a short time period of several dozens of milliseconds and is immediately preceded and followed by a masked stimulus. In contrast, in the CFS technique, each eye is presented with a different stimulus. One eye is presented with a series of flashing high contrast images, while the other eye is presented with a low contrast target.

The CFS technique is based on the fact that the visual system is not able to handle input to both eyes that is not completely identical. As a result, only one stimulus is able to reach awareness, while the other stimulus remains invisible. In contrast, in the VM technique, the purpose of the masked stimulus is to prevent a deep (re-entrant) processing of the target stimulus (42). As such, the differences between the two techniques also influence the amount of information that gets through (43). Despite the differences between the techniques, as discussed in the literature (31, 44), in the current study both techniques demonstrated the same phenomenon. This fact may indicate something not only about the techniques themselves but about the phenomenon as well. It may be that, in order to deepen our understanding, future research on neural activity needs to be conducted (45).	Comment by Author: Please link

The results of this study unequivocally demonstrate a decrease in skin conductance responses in the groups that underwent unconscious and conscious awareness, in contrast to the control group. Nonetheless, the present study has a number of limitations and, as such, our findings should be interpreted with caution. The primary limitation is due to the sample size of the study. In experiment 1, there were only 41 participants. Based on the effect size of the first experiment (0.25), we recruited 72 participants for the second experiment. Future studies should include larger sample sizes to validate the findings of the current study. An additional limitation concerns the experimental design. The present study used immediate exposure, so that consolidation of the previously acquired fear memory would not be possible. Future studies should utilize a 3-day study design, in which the acquisition phase would be separated from the extinction phase by at least 24 h. In conclusion, the present study demonstrated how unconscious exposure leads to a decrease in skin conductance responses similar to conscious exposure, through the use of two different techniques, CFS and VM. 

To the best of our knowledge, this study is the first study to successfully demonstrate, under laboratory conditions, the effects of unconscious exposure using two applicable techniques. This study suggests that there may be a way to reduce patients’ encounters with the aversive stimuli that they are trying to avoid; this could be used to develop a therapeutic tool which could be added to the treatment protocols for anxiety disorders. 

[bookmark: _Supplemental_Experimental_Procedure_1]APPENDIX 1
Supplemental Experimental Procedures
Participants
Forty-eight healthy participants with normal or corrected normal visual acuity from the department of Psychology participated in the current experiment for course credit (37 women, 38 right-handed, mean age = 25, SD = 1.33). Seven participants who did not have measurable responses to the shocks were not included in the data analysis (SCR Score>0.2). Participants were randomly assigned to one of three groups: a group that underwent awareness exposure (n = 13), a group that underwent unawareness exposure (n = 14), and a group that did not undergo any exposure. 
The experiment was validated by the Ethics Committee of Ben-Gurion University. Participants signed an informed consent form before partaking in the experiment and completed a filter question to ensure that the participants in the current experiment had no psychiatric or neurologic history.

Stimuli and apparatus
Participants performed the experiment in a slightly darkened room. The stimuli were presented via E-Prime Software on a 19-inch Samsung screen with 60 HZ refresh rate and 1024 × 768 resolution. Participants’ heads were supported by a chinrest, which was located at a distance of 61 cm from the screen. On the screen, participants were presented with conditioned stimuli (CS+ and CS-).
A scared face of a man and a scared face of a woman were presented. Pictures were selected from the NIMSTIM Database (Tottenham et al., 2009). The choice to utilize facial expressions of fear was supported by previous studies (Adolphs et al., 1994; (2, 13, 16). 	Comment by Author: This citation is not listed among the references. Please double-check and amend accordingly	Comment by Author: These citations were not originally linked to the corresponding references. Please ensure they are now linked in the correct format

The experiment included two stages, the acquisition stage and extinction stage, which will be specified in the procedure section. Participants in each of the three groups were exposed to the same two stimuli in the acquisition stage (Figure A). In the extinction stage, the group that underwent aware extinction and the group underwent unaware extinction, were exposed to the same picture that they were exposed to in the acquisition stage (Figure A). Participants in the control group, the group that did not undergo extinction, were presented with a scrambled face picture (Figure B). 

The scrambled face stimulus was identical to the picture presented in the other two experiment groups, only that in this condition it was cut into a matrix of 7 × 6 parts that were then mixed together using MATLAB software.
 
The stimuli in all three groups were black-and-white and were of identical contrast and luminance degree. Additionally, the stimuli were presented on top of a black background. The pictures were blurred at the tips by using Photoshop software and were surrounded by black-and-white rectangle frames, as depicted in Figure 2.	Comment by Author: Please note the figures should be listed in numerical order. Figures 1,3, and 4 have been cited before Figure 2




[bookmark: _Hlk34655832]The faces of the man and woman were partially associated with the unconditioned stimuli (a mild electric shock) and participants’ skin conductance responses were measured. The electric shock was transferred to the participants via STMEPN system of Biopac Company. The system includes a STMISOLA slider and a USB component enabled the communication between the shocker appliance and the E-Prime software. The power of the electric shock was in the range of 0-50 and the shock’s duration was 200 milliseconds. A snap electrode with isotonic gel was attached to the participants’ arms.
[bookmark: _Hlk34655193]Skin conductivity was measured using the 150 MP system of the Biopac GSR100C Company. For galvanic skin response (GSR) recordings, electrodes were attached to the forefinger and the forearm on each participant’s left hand. The samples of the subjects were collected with Acknowledge system of Biopac Company.
Stimuli via stereoscope were produced by Stereo Aids (Western Australia), and separate images were presented to each eye. This is described in further detail in the procedure section.

Experimental procedure
The experiment included two stages: acquisition and extinction.
Acquisition. All participants took part in this stage. Participants were attached to a shocker and a skin conductivity system. The power of the shock was defined according to the participant, under the guidance “to establish a level of shock that is highly annoying but not painful.”
After the calibration stage, participants were presented with a picture of a man or a woman and, at the same time, an electric shock was delivered to them. Participants were instructed to concentrate on the screen and try to understand the connection between the appearance of the picture and the electric shock. The electric shock appeared randomly about 0.5-4.5 seconds from the moment that the stimulus was presented. Between one stimulus and another, there was a time gap of 8-12 seconds. The electric shock was delivered when participants were presented with a CS+ stimulus, but never when presented with a CS- stimulus. The order of stimuli appearance was pseudo-randomized. In total, electrical shocks appeared in 33% of the steps in which CS + stimuli appeared (6 CS + with shock, 12 CS +, 12 CS-). At the end of this stage, the participants were presented with two diversion questions: 
1. In this section, do you think that more pictures of women or men were presented? 
2. What did you think while the shock was given?
It is known that, in a partial reinforcement array (that is, not every time CS + appeared, an electric shock was given), the acquisition process is slower. Nevertheless, this partial reinforcement procedure contributes to a slow decay process relative to a full reinforcement array.
Extinction. In the extinction stage, participants were assigned to one of the three groups: aware, unaware, control. This stage included 24 trials in which pictures were randomly presented (CS+ and CS-), and a post-test stage.
In the aware group, participants were overtly presented with the stimuli from the acquisition stage (the picture of the man/woman). In the unaware group and the no-extinction group, the CFS technique was used. The unaware group was presented with the stimulus from the acquisition stage to one of their eyes and, at the same time, a flickering stimulus of colored squares (Mondrian) was presented to their other eye. The no-extinction group was presented with a stimulus from the acquisition stage, but in a scrambled configuration (more details are provided in the previous section). In both groups, in each step after the presentation of the screened stimuli, participants were asked two questions in order to confirm their level of awareness to the stimulus:
1. Was the picture presented of a man or a woman? Was the picture presented of a man or a woman? 
1. How sure are you that you saw the picture? (1 = “I did not see anything:” to 4 = “I saw the picture clearly”).
1. 
1. How sure are you that you saw the picture? (1 = “I did not see anything:” to 4 = “I saw the picture clearly”).
1. 
By the end of the 24 trials, all three groups participated in the post-test stage. The post-step stage included three steps of the stimulation from the acquisition stage in order to examine how the stage of extinction affected participants’ responses.
After the post-test stage, there was a debriefing, which consisted of five questions:
1. What did you feel during the first stage in which you received electric shocks?
1. Did you think you would receive electric shocks in the second part of the experiment as well? When did you realize that you would not receive a shock?
1. Did you feel the same emotion that you felt in section A in the second part of the experiment? If the subject answers no, ask why.
1. Asking – was there a stage in which you thought about the shocks? Maybe in the last part?
1. In your opinion, what was the purpose of the experiment?

[bookmark: _Supplemental_Experimental_Procedure]At the end of the debriefing, the subjects completed computerized questionnaires, which included BDI, OCI, STAI, DES.

GSR analysis	
SCR waveforms were analyzed offline, using Acknowledge 3.9 software (Biopac Systems Inc.). SCR amplitudes to the conditioned and unconditioned stimuli were the dependent measures of conditioned and unconditioned responses, respectively. The level of SCR was determined by taking the base-to-peak difference for the first waveform (in microsegments, ms) during the 0.5–4.5s window after stimulus onset. The minimal response criterion was 0.02ms. The raw SCR scores were square-root transformed to normalize distributions. These normalized scores were scaled according to each participant’s unconditioned response by dividing each response by the mean square-root transformed unconditioned stimulus response. 
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Figure 1. Experimental procedure and stimuli. All participants underwent three phases in the experiment: acquisition, extinction, and post-test phases. Acquisition phase – participants were presented with an image of the face of a woman or a man, while receiving an electric shock for some of the trials. Extinction phase - participants were again presented with the same stimuli, without receiving the electric shock. Participants were asked two questions at the end of each trial. These questions were used as objective and subjective measures to assess the level of the participants’ awareness. Finally, all participants underwent a testing phase to assess the effects of conscious and unconscious extinction forms relative to the control group receiving no extinction.
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Figure 3. Skin conductance over time. This figure presents the estimation plots of the “aware” and “unaware” groups, as well as the control group. The estimation plots compare the three groups, with small circles representing individual participants. 	Comment by Author: Figures 1, 3, and 4 are listed in the main text; however, Figure 2 is listed in the Supplemental Experimental Procedures. Figures should be listed sequentially in numerical order. Please consider renumbering the figures.
The three groups showed equivalent fear acquisition. Spontaneous recovery was found only in the control group, as opposed to the “aware” and “unaware” groups.
 


Figure 4. Skin conductance over time	Comment by Author: Please ensure the figure is placed above the figure legend.
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Figure A.	Comment by Author: This figure does not seem to have a figure legend. 
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Table 1
 Mean Skin Conductance Response to the conditioned stimulus (CS+) and unconditioned stimulus (CS−) 
	
	CS-
	
	CS+

	Conditions
	Mean (SD)
	
	Mean (SD)

	Unaware
	0.26 (0.11)
	
	0.61 (0.07)

	Aware
	0.21 (0.13)
	
	0.59 (0.11)

	Control
	0.20 (0.06)
	
	0.51 (0.13)

	Total
	0.22 (0.10)
	
	0.57 (0.12)





Table 2
Significance levels of post-hoc comparisons
	
	
	Early Extinction
	Late Extinction
	Post-test

	Time	Comment by Author: Should this heading read instead Group? Please ensure all categories in all Tables are consistently headed
	Conditions
	p-value
	p-value
	p-value

	Unaware
	Early extinction
(M = 0.44)	Comment by Author: Please define this either in the heading of the column, or in a note beneath the table
	
	0.006
	0.32

	
	Late extinction
(M = 0.37)
	0.006
	
	0.938

	
	Post-test
(M = 0.34)
	0.032
	0.938
	

	Aware
	Early extinction
(M = 0.43)
	
	< 0.001
	< 0.001

	
	Late extinction
(M = 0.32)
	< 0.001
	
	0.067

	
	Post-test
(M = 0.24)
	< 0.001
	0.067
	

	Control

	Early extinction
(M = 0.46)
	
	0.039
	0.528

	
	Late extinction
(M = 0.41)
	0.039
	
	0.06

	
	Post-test
(M = 0.51)
	0.528
	0.06
	





Table 3
 Mean skin conductance response to the conditioned stimulus (CS+) and unconditioned stimulus (CS−) 
	
	CS-
	
	CS+

	Conditions
	Mean (SD)
	
	Mean (SD)

	Unaware
	0.45 (0.09)
	
	0.61 (0.10)

	Aware
	0.45 (0.09)
	
	0.64 (0.15)

	Control
	0.45 (0.11)
	
	0.70 (0.11)

	Total
	0.45 (0.10)
	
	0.65 (0.12)






Table 4
Significance levels of post-hoc comparisons
	
	
	Unaware
	Aware
	Control

	Time
	Conditions
	p-value
	p-value
	p-value

	Early Extinction
	Unaware
	
	0.254
	0.344

	
	Aware
	0.254
	
	< 0.001

	
	Control
	0.344
	< 0.001
	

	Late Extinction
	Unaware
	
	0.014
	0.119

	
	Aware
	0.014
	
	< 0.001

	
	Control
	0.119
	< 0.001
	

	Post-test

	Unaware
	
	0.06
	< 0.001

	
	Aware
	0.06
	
	< 0.001

	
	Control
	< 0.001
	< 0.001
	





Table 5
Recovery index differences scores for the three groups
	
	
	M	Comment by Author: Please define for greater clarity
	F test

	Experiment
	Conditions
	
	

	Experiment 1:
CFS
	Unaware
	-0.032 [-0.087, 0.023]

	F (2, 38) = 7.17,
p = 0.002, η² =0.27

	
	Aware
	-0.046 [-0.077, -0.015]

	

	
	Control
	0.06 [0.032, 0.089]

	

	Experiment 2:
Visual masking
	Unaware
	-0.054 [-0.072, -0.037

	F (2, 69) = 25.75

	
	Aware
	-0.046 [-0.162, 0.006]

	p < .001, η² = 0.42

	
	Control
	0.105 [0.038, 0.171]

	


CFS, continuous flash suppression
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