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Fear in action: how Pavlovian fear shapes reaching movements
Theoretical background
Environmental stimuli may acquire fear-related properties through pairing with an aversive event and exert a powerful influence on behavior. For example, we may fear passing our neighbor’s house, after encountering its dog growling at us; thus, walking faster than usual to avoid it. Notably, although emotions are intimately linked to actions (Frijda, 1986), the cognitive and neural mechanisms through which past aversive experiences shape future actions remain debated.
Pavlovian fear learning is a well-validated procedure through which intrinsically neutral stimuli acquire fear-related properties, by being repeatedly paired with an aversive event (Lonsdorf et al., 2017). Crucially, although changes in motor behavior are among the outcomes of learning, the extent to which learned fear transfers onto voluntary actions remains largely unexplored (Beckers et al., 2013); thus, limiting the understanding of the mechanisms underlying adaptive and maladaptive learning.
Aims and Hypotheses
We will assess whether and how the kinematics of reaching towards an intrinsically neutral stimulus changes, after this has acquired fear-related value following Pavlovian learning. We hypothesize that, although no overt movement occurs during learning, the acquisition of fear-related value by the stimulus transfers to the motor system, resulting in a change in kinematics, once the opportunity for action is restored.
Methods
Participants and sample
The study will follow the American Psychological Association Ethical Principles of Psychologists and Code of Conduct and the Declaration of Helsinki. All participants will provide written informed consent to participation. By word of mouth, we will recruit right-handed adult volunteers (age ≥ 18 years), with no history of neurological or psychiatric disorders, with normal or corrected-to-normal vision.
The target sample size will be of 34 participants, as indicated by a power analysis conducted with G*Power (Faul et al., 2007) with the following parameters: (a) ANOVA: repeated measures, within factors; (b) number of groups = 1; (c) number of measurements = 2 (this refers to the main effect of stimulus type, see also statistical analyses), (d) medium effect size: f =0.25; (e) alpha=0.05; (d) power=0.8 (Cohen, 1992).
Tools
Experimental task. The task will include 3 consecutive phases controlled by the OpenSesame software (Mathôt et al., 2012):
1. Baseline. Participants will make reaching movements with the computer mouse towards two target locations (i.e. low or high) appearing on a screen. Participants will start the trial by clicking on a start button at the bottom of the screen. Then, a colored circle (i.e. pink or yellow) will appear briefly to signal the target location. Participants will then reach the target location with the mouse as quickly and accurately as possible and click on it, terminating the trial.
2. Pavlovian fear learning. Participants will learn to identify a specific target color as dangerous (pink or yellow, counterbalanced among participants), representing the conditioned stimulus (i.e. CS+), such that its presentation will terminate with an aversive shock. The other color will serve as within-subject control stimulus (i.e. CS-), never being paired with shock. Participants will not make any motor response but only observe the screen. Skin conductance will be recorded.
3. Test. This phase will test the effect of fear learning on reaching movements and it will be exactly as the baseline phase. Participants will perform reaching movements and no shocks will be delivered.
Tools for shock delivery. As previously done in Starita et al. (2019), the shock will be generated by a Digitimer Stimulator (Digitimer Ltd., UK) and delivered to participants’ non-dominant hand. The intensity of shock will be calibrated for each participant, to a level deemed ‘highly unpleasant, but not painful’, using an ascending staircase procedure.
Tools for skin conductance recording and assessment. As previously done in Starita, et al. (2019), to ensure fear learning, skin conductance will be recorded during the learning phase from the hypothenar eminence of the non-shocked hand using a BIOPAC System (Goleta, CA). The digitalized signal will be processed using Autonomate 2.8 (Green et al., 2014) to obtain trough-to-peak skin conductance responses.
Tools for mouse tracking. The Mousetrap plugin (Kieslich & Henninger, 2017) for OpenSesame will be used to track mouse cursor’s position over time during the baseline and test phases. With this information we will compute movement reaction time, peak velocity and accuracy.
Procedure
The task procedure will be explained, and the consent form signed. Then, the baseline phase will be conducted. Then, skin conductance and shock electrodes will be attached. Correct skin conductance recording will be verified, and intensity of shock calibrated. Then, the fear learning phase will be conducted. Electrodes will then be removed, and the test phase completed. The task will take ~60min.
Statistical analyses
Analyses will follow the Null Hypothesis Significance Testing approach. Repeated-measures analyses of variance (RM ANOVA) will be used, followed by planned contrasts using two-tailed paired t-tests, wherever appropriate. A significance threshold of p < .05 will be used. Bonferroni correction will be applied to planned contrasts to correct for multiple comparisons. Partial η2 and 90% confidence intervals (CI) will be computed as estimates of effect sizes for the ANOVAs’ main effects and interactions, while Cohen’s d and 95% CI for the planned contrasts (Lakens, 2013). A series of 2x2 RM ANOVA with the factors stimulus location (low, high) and type (CS+, CS-) will be conducted on each movement parameter (for baseline and test phases), and SCR (for Pavlovian learning phase).
Declaration of commitment to request ethical approval
Ethical approval will be requested from the Ethics Committee of the University of Bologna.
Expected results
Given that the study aims to assess the changes in movement for CS+ vs. CS-, we expect the following results:
1. Baseline. No effect of stimulus type (CS+ vs. CS-) on reaction time, peak velocity and accuracy.
2. Pavlovian fear learning. A main effect of stimulus type on skin conductance response, with greater response to CS+ than CS-, indicating successful fear learning.

3. Test. A main effect of stimulus type on reaction time, peak velocity and accuracy, with shorter reaction time, greater velocity and greater accuracy for CS+ than CS- (in line with Karos et al., 2017).
Overall, these would suggest that Pavlovian fear learning results in an increase in movement vigor and accuracy.
Implications
The project will advance scientific knowledge on the mechanism contributing to adaptive learning, and impact clinical research, revealing how the motor system may contribute to the etiology of anxiety related disorders, resulting from maladaptive fear learning.
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Plan of activities
Project activities
· Literature review: deepen relevant theoretical knowledge.
· Study designing and piloting: define the experimental paradigm, pilot and refine it as needed, preregister it.
· Data collection: recruit participants and collect the data. 
· Data analysis: analyze psychophysiological and kinematic data.
· Results writing and dissemination: write results to be submitted to a peer-reviewed journal and present them at international conferences.
Training activities 
· Discussions with the supervisor.

· Involvement in lab meetings.

· Attendance of seminars, workshops and lectures.
Timing of activities
See Gantt chart
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Feasibility of the project 
The study will be conducted at the Center for Studies and Research in Cognitive Neuroscience, where the equipment needed is already available. Given his expertise, the supervisor will be able to fruitfully guide the post-doctoral researcher.
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Legend: CS+: conditioned stimulus; CS-: control stimulus; RM ANOVA: Repeated-measures analyses of variance; CI: confidence interval


