Figure 2–Source Data 1. Heat intensity effects on heat-evoked autonomic responses.a

[image: ]
a. This table presents results of linear mixed models predicting autonomic responses (skin conductance response (SCR) and pupil dilation (PD)) as a function of Heat Level (High vs Medium vs Low), Group (Instructed vs Uninstructed), Cue (Original High vs Original Low), and Phase (Original vs Reversed). SCR analyses included 36 participants, while PD analyses included 20 participants. See Methods and Table 1 for additional information. 
b. Estimates based on a linear mixed effects model implemented in the “lmer” function of lme4 (Bates et al., 2015) using the following code: lmer(DV~Group*Templevels*Cue*Phase+(1+Templevels+Cue*Phase||Subject)). 
c. Estimates based on a linear mixed effects model implemented in the “lme” function of nlme (Pinheiro et al., 2021) including autoregression using the following code: lme(DV~Group*Templevels*Cue*Phase, random=~1+Templevels+Cue*Phase|Subject, correlation=corAR1(), na.action=na.exclude). 
d. Estimates based on Bayesian model linear mixed models using the “brms” function (Bürkner, 2017) using the following code:  brm(SCR~Group*Templevels*Cue*Phase+(1+Templevels+Cue*Phase|Subject,prior=set_prior("normal(0,2.5)", class="b"), save_all_pars=TRUE, silent=TRUE, refresh=0, iter = 4000, warmup = 1000). The Region of Partial Equivalence (ROPE) was defined as [-0.03, 0.03] for SCR, [-31.00, 31.00] for mean PD, and [-4321.68, 4321.68] for PD area under the curve.


Figure 2–Source Data 2. Heat intensity effects: Small-volumes corrected results.b
	Correction
	Analysis
	Effect
	Anatomical label
	x
	y
	z
	# of voxels
	Volume (mm3)

	Pain modulatory network
	Main effect, Controlling for Group
	FDR = .028; see uncorrected instead
	
	
	
	
	

	
	Group differences (Instructed - Uninstructed)
	Positive effect
	no voxels survive
	
	
	
	
	

	
	
	Negative effect
	no voxels survive
	
	
	
	
	

	Whole brain correction
	Main effect, Controlling for Group
	FDR = .012; see uncorrected instead
	
	
	
	
	

	
	Group differences (Instructed - Uninstructed)
	Positive effect
	no voxels survive
	
	
	
	
	

	
	
	Negative effect
	L Hippocampus (CA1)
	-32
	-10
	-22
	29
	783

	
	
	
	R Postcentral Gyrus ( Area 4a   )
	22
	-34
	62
	2
	54



b. This table presents group results from voxelwise analyses of associations between heat intensity and brain activation, as measured by AUC estimates (see Methods). Group results were analyzed using robust regression. Top rows are FDR-corrected within pain modulatory networks (see Figure 4 – Figure Supplement 1) and bottom rows are whole-brain corrected. Both analyses are FDR-corrected at q < .05. See Methods for additional details.



Figure 2–Source Data 3.  Heat intensity effects: Uncorrected results.c
	Analysis
	Effect
	Anatomical label
	x
	y
	z
	# of voxels
	Volume (mm3)

	Main effect, Controlling for Group
	Positive effect
	L Cerebelum, contiguous with midbrain and occipital cortex
	-8
	-70
	-20
	2519
	68013

	
	
	Bilateral insula, contiguous with bilateral striatum, dorsal ACC, left amygdala
	2
	-2
	10
	8794
	237438

	
	
	R Middle Temporal Gyrus
	50
	-38
	-2
	39
	1053

	
	
	L Middle Frontal Gyrus (DLPFC)
	-34
	46
	22
	236
	6372

	
	
	R Middle Frontal Gyrus (DLPFC)
	28
	46
	26
	203
	5481

	
	Negative effect
	L Cerebelum IX
	-4
	-52
	-50
	18
	486

	
	
	Bilateral insula, contiguous with bilateral striatum, dorsal ACC, left amygdala
	2
	-2
	10
	8794
	237438

	
	
	Occipital cortex
	40
	-58
	2
	1132
	30564

	
	
	R Superior Temporal Gyrus ( Area TE 3 )
	58
	-10
	-10
	191
	5157

	
	
	L Middle Temporal Gyrus ( Area TE 3 )
	-56
	-4
	-14
	88
	2376

	
	
	L Mid Orbital Gyrus ( Area s32  )
	-4
	26
	-14
	243
	6561

	
	
	R Precuneus
	10
	-56
	22
	207
	5589

	
	
	L Superior Temporal Gyrus
	-58
	-44
	14
	63
	1701

	
	
	R Postcentral Gyrus
	52
	-16
	52
	104
	2808

	
	
	L Postcentral Gyrus ( Area 1    )
	-56
	-16
	46
	67
	1809

	
	
	R Superior Frontal Gyrus
	22
	26
	52
	87
	2349

	
	
	L Paracentral Lobule ( Area 4a   )
	-2
	-28
	62
	74
	1998

	Group differences (Instructed - Uninstructed)
	Positive effect
	R Fusiform Gyrus
	34
	-2
	-34
	10
	270

	
	
	L Hippocampus (CA1)
	-32
	-10
	-22
	37
	999

	
	
	R Postcentral Gyrus ( Area PFt (IPL))
	50
	-22
	34
	15
	405

	
	Negative effect
	L Inferior Parietal Lobule ( Area hIP1 (IPS))
	-44
	-50
	44
	35
	945



c. This table presents uncorrected results from uncorrected voxelwise analyses (p < .001) of associations between heat intensity and brain activation, as measured by AUC estimates (see Methods). Group results were analyzed using robust regression. 

image1.emf
Dependent measure

Skin conductance response

Mean Pupil Dilation

Pupil dilation: Area under the
curve

Predictors

(Intercept)

Group

Heat level

Cue

Phase

Group x Heat Level

Group x Cue

Heat level x Cue

Group x Phase

Heat level x Phase

Cue x Phase

Group x Heat Level x Cue
Group x Heat Level x Phase
Group x Cue x Phase

Heat level x Cue x Phase
Group x Heat Level x Cue x Phase
(Intercept)

Group

Heat level

Cue

Phase

Group x Heat Level

Group x Cue

Heat level x Cue

Group x Phase

Heat level x Phase

Cue x Phase

Group x Heat Level x Cue
Group x Heat Level x Phase
Group x Cue x Phase

Heat level x Cue x Phase
Group x Heat Level x Cue x Phase
(Intercept)

Group

Heat level

Cue

Phase

Group x Heat Level

Group x Cue

Heat level x Cue

Group x Phase

Heat level x Phase

Cue x Phase

Group x Heat Level x Cue
Group x Heat Level x Phase
Group x Cue x Phase

Heat level x Cue x Phase
Group x Heat Level x Cue x Phase

Ime4
0.208
0.010
0.050
0.018
-0.001
0.011
-0.005
0.022
0.005
-0.010
0.013
0.004
0.007
-0.003
0.062
0.023
38.08
-23.94
94.11
35.72
-1.48
-21.87
14.31
36.27
3.95
-16.1
-15.52
14.23
-20.74
18.69
147.98
-23.14
7286.2
-3884.8
13171.3
1423.23
370.95
-1345.7
55947
7278.27
1386.27
194 .85
-3311.5
1091.9
-4127.6
708.3
12980.8
-234.52

Estimates

nlme
0.213
0.010
0.052
0.015
0.000
0.012
-0.004
0.019
0.006
-0.008
0014
0.003
0.008
-0.003
0.056
0.023
37.87176
-23.8388
92.98683
3499714
-2.16797
-22.23459
14.66023
38.52912
429677
-16.19061
-14.97845
13.82336
-19.91528
19.07628
148.23158
-23.48984
7203.787
-3856.063
13151.573
1337.21
366.716
-1443.727
725.102
7373.292
1429 .24
193418
-3295.974
1040.645
-4140.489
766.792
13163.069
-322.759

brms
0.210
0.009
0.050
0.020
-0.001
0.010
-0.005
0.020
0.005
-0.010
0.010
0.004
0.007
-0.003
0.060
0.020
60.91
-0.75
0.78
0.54
0.67
0.03
-0.14
0.38
0.83
0.15
0.18
0.25
-0.71
0.22
0.92
-0.23
9776.960
0.020
0.008
0.010
0.006
-0.040
-0.040
0.005
-0.001
0.020
0.020
-0.006
0.020
0.010
0.005
0.050

Ime4
[0.14,0.28]
[-0.06,0.08]
[0.04,0.06]
[0.01,0.03]
[-0.01,0.01]
[-0.00,0.02]
[-0.02,0.01]
[0.01,0.03]
[-0.01,0.02]
[-0.02,0.00]
[0.00,0.02]
[-0.01,0.02]
[-0.00,0.02]
[-0.01,0.01]
[0.05,0.07]
[0.01,0.04]
5.40 -70.76
-56.24 - 8.36

52.54 — 135.68

-10.19 - 81.63

-24.46 —21.51

-63.00 - 19.26

-30.92 - 59.53

-26.02 - 98.57

-18.68 —26.58

-47.51 -15.31

-61.35-30.31

-47.30-75.76

-51.78 = 10.30

-26.42 — 63.80

85.28 —210.68

-85.07 — 38.80

431.22 — 1661 .€
'01.28 — 19641.4[6723.33, 19579.82]
228.56 — 10075. [-7269.15,9943.57
928.60 — 4670.£ [-3967.89,4701.32
641.53 —4950.1 [-7697.98, 4810.52
787.66 — 8906.¢ [-7577.41,9027.62
150.41 — 18706.[-4068.19, 18814.77] [
167.77 —5540.% [-2758.12, 5616.6]
565.03 —5954.7 [-5539.77,5926.61
1889.39 — 5266. [-11833.4, 5241 45
289.61 — 12173.-10048.95, 12130.2
1729.32 — 1474.1[-9715.91, 1434 .94
580.69 — 8997.2 [-7483.01,9016.59
185.52 — 24475 .£[1665.09, 24661.05
414.52 — 10945 -11504.61, 10859.09 [

Confid . I
nlme brms

[0.14, 28] [0.13,0.28]
[-0.06, .08] [-0.06,0.09]
[0.04,0.06] [0.04,0.06]
[.00, .03] [0.01,0.03]
[-0.01,0.01] [-0.01,0.01]
[0.00,0.02] [0.00,0.02]
[-0.02,0.01] [-0.02,0.01]
[0.01,0.03] [0.01,0.03]
[-0.01,0.02] [-0.01,0.02]
[-0.02,0.00] [-0.02,0.00]
[0.00,0.03] [ 0.00,0.02]
[-0.01,0.01] [-0.01,0.01]
[-0.00,0.02] [0.00,0.02]
[-0.01,0.01] [-0.01,0.01]
[0.04,0.07] [0.05,0.07]
[0.01,0.03] [0.01,0.03]
[5.18,70.57] [ 15.04, 106.78]
[-58.44,10.76] [-5.50, 4.02]
[51.65, 134.32] [-4.12, 5.64]
[-10.33, 80.33] [-4.38, 5.40]
[-25.49,21.15] [-4.01, 5.40]
[-63.14, 18.67] [-4.87, 4.82]
[-30, 59.32] [-497, 4.69]
[-23.85,100.91] [-444, 5.21]
[-18.66,27.25] [-3.83, 5.49]
[-47.25, 14.87] [-4.64, 4.98]
[-60.29, 30.33] [-4.64, 5.06]
[-47.75,75.4] [-4.69, 5.26]
[-50.61, 10.78] [-5.61, 4.12]
[-25.55,63.71] [ -4.60, 5.08]
[85.5,210.96] [-3.95, 5.82]
[-85.46, 38.48] [-5.23, 4.57]

191.16 — 12981.7[1517.89, 12889.68] 2806.42, 17224 .92
[-9781.13,2069] [ -4.86, 5.02]
[ 498, 492]

1 [ 497, 4.89]

1 [ -4.90, 4.94]

1 [ 496, 4091]

1 [ -4.79, 4.90]

-4.85, 4.90]

[ -5.02, 5.01]

[ 493, 4.95]

[ 492, 492]

[ -4.70, 492]

1 [ 494, 4.77]

1 [ -493, 4.83]

1 [ -4.89, 4.83]

-494, 490]

_value / Probability of directi

Ime4
<0.001
0.787
<0.001
0.002
0.823
0.065
041
<0.001
0.395
0.104
0.025
0.515
0.223
0.664
<0.001
<0.001
0.022
0.146
<0.001
0.127
09
0.297
0.535
0.254
0.732
0.315
0.507
0.65
0.19
0416
<0.001
0.464
0.012
0.17
<0.001
0.747
0.866
0.675
0.895
0.212
0.513
0.947
0.449
0.847
0.148
0.867
0.027
0.967

nlme

0
0.7818

0.0069
0.9381
0.033
0.4258
0.0009
0.3629
0.1286
0.0094
0.5549
0.1645
0.564

0.0001
0.0232
0.1649

0.1301
0.8553
0.2864
0.5197
0.2258
0.7135
0.3067
0.5168
0.6597
0.2033
0.4019

04572
0.0131
0.1884
0.0001
0.7605
0.8681
0.6506
0.8639
0.2063
0.5031
0.9472
0.4488
0.8539
0.1453
0.8553
0.0249
0.9548

brms (pd)
100%
59.32%
100%
99.89%
59.87%
96.64%
79.77%
100%
80.32%
94.84%
98.94%
73.65%
88.72%
66.38%
100%
100%
99.31%
62.19%
62.18%
58.93%
61.32%
50.56%
52.24%
56.26%
63.68%
52.38%
52.81%
53.99%
61.20%
53.32%
64.57%
53.83%
99.42%
50.34%
50.14%
50.25%
50.12%
50.57%
50.68%
50.08%
50.03%
50.32%
50.29%
50.09%
50.33%
50.18%
50.10%
50.78%

in ROPE
0%
58.43%
0.06%
98.52%
100%
99.98%
100%
94.00%
100%
99.98%
99.86%
100%
100%
100%
0%
89.43%
9.27%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
6.06%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

Bavesi .

Rhat
1.002
1.002

1

e e S e S e e S S e T e T e S e S g S e e s R S e S e e Wy S U U

ESS
1733
1823
8560
9113
8868
8974
8716
8663
9187
9059
8804
8900
8216
8755
10271
10371
1305
12515
13462
14816
13754
13190
14277
11849
14561
12560
13349
14218
12760
14794
14025
13436
1588
17338
17500
17544
17511
18381
16987
17846
19038
17555
17546
17518
20654
17860
16687
18395









Dependent measure Predictors lme4 nlme brms lme4 nlme brms lme4 nlme brms (pd) in ROPE Rhat ESS

(Intercept) 0.208 0.213 0.210 [0.14, 0.28] [0.14, .28] [ 0.13, 0.28] <0.001 0 100% 0% 1.002 1733

Group 0.010 0.010 0.009 [-0.06, 0.08] [-0.06, .08] [-0.06, 0.09] 0.787 0.7818 59.32% 58.43% 1.002 1823

Heat level 0.050 0.052 0.050 [0.04, 0.06] [0.04, 0.06] [ 0.04, 0.06] <0.001 0 100% 0.06% 1 8560

Cue

0.018 0.015 0.020 [0.01, 0.03] [.00, .03] [ 0.01, 0.03] 0.002 0.0069 99.89% 98.52% 1 9113

Phase -0.001 0.000 -0.001 [-0.01, 0.01] [-0.01, 0.01] [-0.01, 0.01] 0.823 0.9381 59.87% 100% 1 8868

Group x Heat Level 0.011 0.012 0.010 [-0.00, 0.02] [0.00, 0.02] [ 0.00, 0.02] 0.065 0.033 96.64% 99.98% 1 8974

Group x Cue -0.005 -0.004 -0.005 [-0.02, 0.01] [-0.02, 0.01] [-0.02, 0.01] 0.41 0.4258 79.77% 100% 1 8716

Heat level x Cue

0.022 0.019 0.020 [0.01, 0.03] [0.01, 0.03] [ 0.01, 0.03] <0.001 0.0009 100% 94.00% 1 8663

Group x Phase 0.005 0.006 0.005 [-0.01, 0.02] [-0.01, 0.02] [-0.01, 0.02] 0.395 0.3629 80.32% 100% 1 9187

Heat level x Phase -0.010 -0.008 -0.010 [-0.02, 0.00] [-0.02, 0.00] [-0.02, 0.00] 0.104 0.1286 94.84% 99.98% 1 9059

Cue x Phase

0.013 0.014 0.010 [0.00, 0.02] [0.00, 0.03] [ 0.00, 0.02] 0.025 0.0094 98.94% 99.86% 1 8804

Group x Heat Level x Cue 0.004 0.003 0.004 [-0.01, 0.02] [-0.01, 0.01] [-0.01, 0.01] 0.515 0.5549 73.65% 100% 1 8900

Group x Heat Level x Phase 0.007 0.008 0.007 [-0.00, 0.02] [-0.00, 0.02] [ 0.00, 0.02] 0.223 0.1645 88.72% 100% 1 8216

Group x Cue x Phase -0.003 -0.003 -0.003 [-0.01, 0.01] [-0.01, 0.01] [-0.01, 0.01] 0.664 0.564 66.38% 100% 1 8755

Heat level x Cue x Phase 0.062 0.056 0.060 [0.05, 0.07] [0.04, 0.07] [ 0.05, 0.07] <0.001 0 100% 0% 1 10271

Group x Heat Level x Cue x Phase

0.023 0.023 0.020 [0.01, 0.04] [0.01, 0.03] [ 0.01, 0.03] <0.001 0.0001 100% 89.43% 1 10371

(Intercept)

38.08 37.87176 60.91 5.40 – 70.76 [5.18, 70.57] [ 15.04, 106.78] 0.022 0.0232 99.31% 9.27% 1.003 1305

Group -23.94 -23.8388 -0.75 -56.24 – 8.36 [-58.44, 10.76] [ -5.50,   4.02] 0.146 0.1649 62.19% 100% 1 12515

Heat level

94.11 92.98683 0.78 52.54 – 135.68 [51.65, 134.32] [ -4.12,   5.64] <0.001 0 62.18% 100% 1 13462

Cue 35.72 34.99714 0.54 -10.19 – 81.63 [-10.33, 80.33] [ -4.38,   5.40] 0.127 0.1301 58.93% 100% 1 14816

Phase -1.48 -2.16797 0.67 -24.46 – 21.51 [-25.49, 21.15] [ -4.01,   5.40] 0.9 0.8553 61.32% 100% 1 13754

Group x Heat Level -21.87 -22.23459 0.03 -63.00 – 19.26 [-63.14, 18.67] [ -4.87,   4.82] 0.297 0.2864 50.56% 100% 1 13190

Group x Cue 14.31 14.66023 -0.14 -30.92 – 59.53 [-30, 59.32] [ -4.97,   4.69] 0.535 0.5197 52.24% 100% 1 14277

Heat level x Cue 36.27 38.52912 0.38 -26.02 – 98.57 [-23.85, 100.91] [ -4.44,   5.21] 0.254 0.2258 56.26% 100% 1 11849

Group x Phase 3.95 4.29677 0.83 -18.68 – 26.58 [-18.66, 27.25] [ -3.83,   5.49] 0.732 0.7135 63.68% 100% 1 14561

Heat level x Phase -16.1 -16.19061 0.15 -47.51 – 15.31 [-47.25, 14.87] [ -4.64,   4.98] 0.315 0.3067 52.38% 100% 1 12560

Cue x Phase -15.52 -14.97845 0.18 -61.35 – 30.31 [-60.29, 30.33] [ -4.64,   5.06] 0.507 0.5168 52.81% 100% 1 13349

Group x Heat Level x Cue 14.23 13.82336 0.25 -47.30 – 75.76 [-47.75, 75.4] [ -4.69,   5.26] 0.65 0.6597 53.99% 100% 1 14218

Group x Heat Level x Phase -20.74 -19.91528 -0.71 -51.78 – 10.30 [-50.61, 10.78] [ -5.61,   4.12] 0.19 0.2033 61.20% 100% 1 12760

Group x Cue x Phase 18.69 19.07628 0.22 -26.42 – 63.80 [-25.55, 63.71] [ -4.60,   5.08] 0.416 0.4019 53.32% 100% 1 14794

Heat level x Cue x Phase

147.98 148.23158 0.92 85.28 – 210.68 [85.5, 210.96] [ -3.95,   5.82] <0.001 0 64.57% 100% 1 14025

Group x Heat Level x Cue x Phase -23.14 -23.48984 -0.23 -85.07 – 38.80 [-85.46, 38.48] [ -5.23,   4.57] 0.464 0.4572 53.83% 100% 1 13436

(Intercept)

7286.2 7203.787 9776.960 1591.16 – 12981.25[1517.89, 12889.68][ 2806.42, 17224.92] 0.012 0.0131 99.42% 6.06% 1 1588

Group -3884.8 -3856.063 0.020 -9431.22 – 1661.65 [-9781.13, 2069] [   -4.86,     5.02] 0.17 0.1884 50.34% 100% 1 17338

Heat level

13171.3 13151.573 0.008 6701.28 – 19641.41[6723.33, 19579.82] [   -4.98,     4.92] <0.001 0.0001 50.14% 100% 1 17500

Cue 1423.23 1337.21 0.010 - 7228.56 – 10075.02[-7269.15, 9943.57] [   -4.97,     4.89] 0.747 0.7605 50.25% 100% 1 17544

Phase 370.95 366.716 0.006 -3928.60 – 4670.51[-3967.89, 4701.32] [   -4.90,     4.94] 0.866 0.8681 50.12% 100% 1 17511

Group x Heat Level -1345.7 -1443.727 -0.040 -7641.53 – 4950.17[-7697.98, 4810.52] [   -4.96,     4.91] 0.675 0.6506 50.57% 100% 1 18381

Group x Cue 559.47 725.102 -0.040 -7787.66 – 8906.60[-7577.41, 9027.62] [   -4.79,     4.90] 0.895 0.8639 50.68% 100% 1 16987

Heat level x Cue 7278.27 7373.292 0.005 - 4150.41 – 18706.96[-4068.19, 18814.77][   -4.85,     4.90] 0.212 0.2063 50.08% 100% 1 17846

Group x Phase 1386.27 1429.24 -0.001 -2767.77 – 5540.32[-2758.12, 5616.6] [   -5.02,     5.01] 0.513 0.5031 50.03% 100% 1 19038

Heat level x Phase 194.85 193.418 0.020 -5565.03 – 5954.73[-5539.77, 5926.61] [   -4.93,     4.95] 0.947 0.9472 50.32% 100% 1 17555

Cue x Phase -3311.5 -3295.974 0.020 - 11889.39 – 5266.45[-11833.4, 5241.45] [   -4.92,     4.92] 0.449 0.4488 50.29% 100% 1 17546

Group x Heat Level x Cue 1091.9 1040.645 -0.006 - 9989.61 – 12173.41

[

-10048.95, 12130.24][   -4.70,     4.92] 0.847 0.8539 50.09% 100% 1 17518

Group x Heat Level x Phase -4127.6 -4140.489 0.020 -9729.32 – 1474.12[-9715.91, 1434.94] [   -4.94,     4.77] 0.148 0.1453 50.33% 100% 1 20654

Group x Cue x Phase 708.3 766.792 0.010 -7580.69 – 8997.30[-7483.01, 9016.59] [   -4.93,     4.83] 0.867 0.8553 50.18% 100% 1 17860

Heat level x Cue x Phase

12980.8 13163.069 0.005 1485.52 – 24475.99[1665.09, 24661.05] [   -4.89,     4.83] 0.027 0.0249 50.10% 100% 1 16687

Group x Heat Level x Cue x Phase -234.52 -322.759 0.050 - 11414.52 – 10945.47

[

-11504.61, 10859.09][   -4.94,     4.90] 0.967 0.9548 50.78% 100% 1 18395

Mean Pupil Dilation

Pupil dilation: Area under the 

curve

Skin conductance response

Estimates Confidence intervals p-value / Probability of direction Bayesian estimates


