
Supplementary materials 4: Results of acquisition phases 

1. Data analysis overview 

Acquisition of self-report measures was indicated by significant differences between the 

different trajectories (T1 > T2 > T3), in the Experimental, but not the Yoked Group. To test these 

hypotheses, self-reports were averaged over blocks for all participants, and repeated measures 

analyses of variance (RM ANOVAs) were calculated separately for each experimental block, 

with Group as the between-subjects factor, and Block and Trajectory as the within-subjects 

factors. Comparisons of T1 vs. T3 were of primary interest, given that T2 was an ambiguously 

punished movement trajectory. Note that, for Experiment 1, only comparisons between T1 and 

T3 were pre-registered. However, given that all comparisons (T1 vs. T2, T2 vs. T3 and T1 vs. 

T3) were pre-registered for Experiment 2, we will report all comparisons for Experiment 1 as 

well. 

For analyses of avoidance behavior, a MATLAB (MathWorks, Natick, MA, US) script was 

used to extract the maximal deviation data per trial. These values were averaged per block for 

each participant, and used to compare avoidance behavior between groups (RM ANOVAs) with 

Group as the between-subjects factor, and Block as the within-subjects factor. 

2. Results  

2.1. Experiment 1 

2.1.1. Acquisition of pain-expectancy, pain-related fear, and avoidance behavior 

A 2 x 2 x 3 RM ANOVA (Group: Experimental, Yoked) x (Block: ACQ1-2) x (Trajectory: 

T1-3) on the mean pain-expectancy ratings per acquisition block revealed a significant 3-way 

interaction, F(1.77, 109.73) = 22.90, p < .0001, ɳ𝑝
2   = .27, indicating that pain-expectancies for 
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the three trajectories evolved differently for the two groups. Planned comparisons confirmed that 

by the end of the acquisition phase (ACQ2), the Experimental Group expected the pain stimulus 

to occur more during T1, t(62) = 13.38, p < .0001, d = 3.76, and T2, t(62) = 10.74, p < .0001, d = 

2.05, compared to T3, showing that the Experimental Group successfully acquired the 

experimental movement-pain contingencies (T1 > T2 > T3) (fig. 2: panel A in manuscript). 

Furthermore, the pain stimulus was expected more during T1 than T2, t(62) = 5.08, p < .0001, d 

= 1.17. No such differences occurred in the Yoked Group (all p-values > .05) (fig. 2: panel B).  

A similar RM ANOVA of the mean fear ratings per acquisition block revealed a 

significant 3-way interaction, F(1.67, 103.61) = 9.92, p < .001, ɳ𝑝
2   = .14. Planned comparisons 

confirmed similar differences as in pain-expectancy for the Experimental group at ACQ2: T1 vs. 

T3, t(62) = 7.00, p < .0001, d = 1.38, T2 vs. T3, t(62) = 6.94, p < .0001, d = 1.21, although the 

difference between T1 and T2 did not reach significance, t(62) = 1.90, p = .062 (fig. 3: panel A). 

No such differences occurred in the Yoked Group (all p-values > .05) (fig. 3: panel B). Thus, 

participants in the Experimental Group learned to expect the pain stimulus more during, and to 

fear, the pain-associated movements (T1-2) compared to the safe movement (T3).  

A 2 x 2 RM ANOVA (Group: Experimental, Yoked) x (Block: ACQ1-2) on the mean 

maximal deviation per acquisition block revealed a significant 2-way interaction, F(1, 62) = 

12.72, p = < .001, ɳ𝑝
2  = .17, indicating differences in avoidance behavior over time in the two 

groups. As expected, planned comparisons confirmed that participants in the Experimental 

Group showed significantly larger deviations than the Yoked Group at ACQ2, t(62) = 4.87, p < 

.0001, d = 1.22, demonstrating successful avoidance learning (fig. 4: panel A). 

2.2. Experiment 2 



2.2.1. Acquisition of pain-expectancy, pain-related fear, and avoidance behavior 

A 2 x 3 x 3 RM ANOVA (Group: Experimental, Yoked) x (Block: ACQ1-3) x 

(Trajectory: T1-3) of mean pain-expectancy reports during the acquisition phase revealed a 

significant 3-way interaction, F(2.90, 197.36) = 15.37, p < .0001, ɳ𝑝
2  = .18, suggesting that pain-

expectancies for the three trajectories evolved differently in the two groups. Planned 

comparisons confirmed that by the end of the acquisition phase (ACQ3), the Experimental Group 

expected the pain stimulus to occur more during T1, t(68) = 11.33, p < .0001, d = 2.45, and T2, 

t(68) = 10.14, p < .0001, d = 1.85 compared to T3. Furthermore, participants also expected the 

pain stimulus more during T1 compared to T2, t(68) = 3.33, p = .001, d = .72 (fig. 2: panel C). 

No such differences occurred in the Yoked Group (all p-values > .05) (fig. 2: panel D). 

A similar RM ANOVA of mean fear reports during acquisition revealed comparable 

effects to pain-expectancy. Namely, a significant 3-way interaction, F(3.50, 238.11) = 15.05, p < 

.0001, ɳ𝑝
2  = .18, and planned comparisons showed that both T1, t(68) = 9.48, p < .0001, d = 1.61, 

and T2, t(68) = 8.55, p < .0001, d = 1.33 were feared more than T3 during ACQ3, as was T1 

more than T2, t(68) = 2.49, p = .015, d = .27 (fig. 3: panel C). No such differences occurred in 

the Yoked Group (all p-values > .05) (fig. 3: panel D).  

A 2 x 2 RM ANOVA (Group: Experimental, Yoked) x (Block: ACQ1-2) on mean 

maximal deviation during acquisition revealed a significant 2-way interaction, F(1.92, 130.35) = 

14.93, p < .0001, ɳ𝑝
2  = .18, indicating that avoidance developed differently for the two groups. 

Planned comparisons confirmed that the Experimental Group demonstrated larger deviations 

than the Yoked Group by ACQ3, t(68) = 6.46, p < .0001, d = 1.54 (fig. 4: panel B). Together 

these results indicate that the Experimental Group successfully acquired the movement-pain 



contingencies, shown by differential pain-expectancy and fear ratings, and successfully learned 

to avoid the pain stimulus. 

 

 


