Specific cognitive-balance interference evoked by cognitive conflict resolution in two 2D Spatial Stroop tasks
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Supplementary results
Analysis of manual responses 
AP Spatial Stroop task
For the AP Spatial Stroop task, a similar two-way ANOVA revealed shorter RTs on congruent trials than on incongruent trials (F(1, 89) = 363.13, MSE= 330.83, p < .001, ηp² = .80). The main effect of previous-trial congruency was also significant (F(1, 89) = 5.76, MSE= 70.35, p = .018, ηp² = .06) and there was an interaction between previous-trial congruency and congruency (F(1, 89) = 269.50, MSE= 109.83, p < .001, ηp² = .75). When the previous trial was congruent, then a Spatial Stroop effect of 55 ms was observed (t(89)= 22.69, p<0.001, dz=2.39) but when the previous trial was incongruent a reduced Spatial Stroop effect of 18 ms occurred (t(89)=9.22, p<0.001, dz=0.97).
For the error proportions, the ANOVA revealed a main effect of congruency (F(1, 89) = 128.84, MSE=13.43, p < .001, ηp² = .59) showing higher error rates for incongruent trials than for congruent trials (4.7% vs. 1.3%) and thus a Spatial Stroop effect of 3.4%. The main effect of previous-trial congruency (F(1, 89) = 46.42, MSE=2.94, p < .001, ηp² = .34) was significant, which indicated that, when the previous trial was congruent, error proportions were higher (3.8%) than when the previous trial was incongruent (2.2%). Importantly though, the interaction was significant (F(1, 89) = 91.19, MSE=5.53, p < .001, ηp² = .51), which indicated that when the previous trial was congruent, then error proportions in congruent trials were lower than in incongruent trials, resulting in a Spatial Stroop effect of 6.8% (t(89)= 11.63, p<0.001, dz=1.23). This difference was reduced to just 2.0% when the previous trial was incongruent (t(89)=6.95, p<0.001, dz=0.73).

ML Spatial Stroop task 
For the ML Spatial Stroop task, a two-way ANOVA revealed shorter RTs on congruent trials than on incongruent trials (F(1, 89) = 724.95, MSE= 208.64, p < .001, ηp² = .89). The main effect of previous-trial congruency was also significant (F(1, 89) = 33.66, MSE= 61.25, p < .001, ηp² = .27) and there was an interaction between previous trial congruency and congruency (F(1, 89) = 325.45, MSE= 110.49, p < .001, ηp² = .79). When the previous trial was congruent, then a ML Spatial Stroop effect of 61 ms was observed (t(89)= 32.26, p<0.001, dz=3.40) but when the previous trial was incongruent, then an ML Spatial Stroop effect of 21 ms occurred (t(89)=11.20, p<0.001, dz=1.18).
For the error proportions, the ANOVA revealed a main effect of congruency (F(1, 89) = 140.79, MSE=16.32, p < .001, ηp² = .61) showing higher error rates for incongruent trials than for congruent trials (4.8% vs. 2.5%) and thus an ML Spatial Stroop effect of 2.3%. The main effect of previous-trial congruency (F(1, 89) = 73.73, MSE=3.35, p < .001, ηp² = .45) was significant. That is, when the previous trial was congruent, error proportions were higher (4.2%) than when the previous trial was incongruent (3.1%). Importantly though, the interaction between congruency and previous trial congruency was significant (F(1, 89) = 117.28, MSE=7.02, p < .001, ηp² = .57). When the previous trial was congruent, then error proportions in congruent trials were lower than in incongruent trials, resulting in a Spatial Stroop effect of 8.1% (t(89)= 12.47, p<0.001, dz=1.31). When the previous trial was incongruent, then error proportions resulted in a Spatial Stroop effect of 2.0% (t(89)=6.45, p<0.001, dz=0.68).

Analysis of force moment variability
The following descriptions summarize the target-aligned moment variability only. The results for the response-aligned moment variability analyses are presented in the main text. Figure S1 shows the target-aligned log-transformed moment variability averaged across both cognitive tasks as a function of current trial congruency and body axis. A repeated-measures ANOVA of the log-transformed AP moment variability (Fig. S1a) showed no main effects of cognitive task (F(1, 89) = 0.03, MSE=0.17, p = .86, ηp² < .01) or congruency (F(1, 89) = 0.02, MSE=0.011, p = .90, ηp² < .01). Further, neither of the two-way interactions involving cognitive task reached significance (cognitive task by congruency: F(1, 89) = 0.06, MSE=0.016, p = .80, ηp² < .01; cognitive task by time bin: F(3.82, 340.14) = 1.16, MSE=0.0038, p = .33, ηp² = .01; congruency by time bin: F(3.64, 323.83) = 2.24, MSE=0.004, p = .071, ηp² = .02). The three-way interaction between cognitive task, congruency, and time bin, however, was statistically significant (F(3.78, 336.31) = 3.16, MSE=0.0034, p = .016, ηp² = .03). This three-way interaction will be addressed below by the description of the separate analyses for the two cognitive tasks (only the AP Spatial Stroop task showed a congruency effect for the time bin from target onset to 75 ms after). Finally, AP moment variability decreased across time bins (F(2.37, 210.94) = 96.53, MSE=0.0089, p < .001, ηp² = .52; M1=-2.40, SD1 0.38; M2=-2.39, SD2 0.38; M3=-2.40, SD3 0.38; M4=-2.42, SD4 0.38; M5=-2.44, SD5 0.37; M6=-2.48, SD6 0.36).
Log-transformed ML moment variability (Fig. S1b) showed no main effects of cognitive task (F(1, 89) = 0.11, MSE=0.26, p = .74, ηp² < .01) or congruency (F(1, 89) = 0.27, MSE=0.012, p = .60, ηp² < .01) and none of the two-way interaction terms reached significance (cognitive task by congruency: F(1, 89) = 0.00, MSE=0.018, p = .96, ηp² < .01; cognitive task by time bin: F(4.07, 361.88) = 0.97, MSE=0.0023, p = .43, ηp² = .01; congruency by time bin: F(3.90, 346.81) = 0.75, MSE=0.0029, p = .55, ηp² < .01). Also, the three-way interaction between cognitive task, congruency, and time bin was not significant (F(3.96, 352.55) = 1.04, MSE=0.0030, p = .38, ηp² = .01). However, also ML moment variability varied across time bins (F(2.44, 217.38) = 70.55, MSE=0.0097, p < .001, ηp² = .44; M1=-2.71, SD1 0.41; M2=-2.71, SD2 0.42; M3=-2.72, SD3 0.41; M4=-2.74, SD4 0.40; M5=-2.75, SD5 0.40; M6=-2.79, SD6 0.37).

Separate analyses for the two cognitive tasks
AP Spatial Stroop task
Figure S2 shows the log-transformed moment variability for the AP Spatial Stroop task as a function of current trial congruency and body axis. AP moment variability (Fig. S2a) decreased gradually across the six time bins starting in the time bin from 75 ms to 150 ms after target onset (M1= -2.40, SD1 0.379; M2= -2.39, SD2 0.385; M3=-2.40, SD3 0.383; M4=-2.42, SD4 0.379; M5=-2.44, SD5 0.367; M6=-2.48, SD6 0.360; F(3.16, 281.67) = 55.66, MSE= 0.0055, p < .001, ηp² = .38). No main effect of congruency was observed (F(1, 89) = 0.01, MSE= 0.013, p = .915, ηp² < .01). However, the interaction between congruency and time bin was significant (F(3.63, 322.78) = 3.02, MSE = 0.0038, p = .022, ηp² = .03). Follow-up analyses (Table S3) indicated a significant congruency effect in the time bin from target onset to 75 ms after (F(1, 89) = 4.29, MSE=0.0043, p = .041, ηp² = .05), where incongruent trials showed lower moment variability than congruent trials. No other individual time bin reached significance (all ps > .17).
Log-transformed ML moment variability (Fig. S2b) began to decrease beginning with the time bin 75 ms to 150 ms after target onset (M1= -2.71, SD1 0.43; M2=-2.71, SD2 0.44; M3= -2.72, SD3 0.44; M4=-2.73, SD4 0.43; M5=-2.75, SD5 0.42; M6=-2.79, SD6 0.40; F(2.87, 255.51) = 50.53, MSE= 0.0056, p < .001, ηp² = .36). No main effect of congruency was observed (F(1, 89) = 0.14, MSE= 0.016, p = .71, ηp² < .01) and the interaction between congruency and time bin was also not significant (F(3.83, 340.54) = 1.21, MSE= 0.0030, p = .31, ηp² = .01).

ML Spatial Stroop task
Figure S3 shows the log-transformed moment variability for the ML Spatial Stroop task as a function of current trial congruency and body axis. AP moment variability (Fig. S3a) began to gradually decrease across the time bins with the onset of the target (F(2.74, 243.92) = 60.14, MSE= 0.0066, p < .001, ηp² = .40; M1=-2.40, SD1 0.39; M2=-2.39, SD2 0.38; M3=-2.41, SD3 0.38; M4=-2.42, SD4 0.38; M5=-2.45, SD5 0.38; M6=-2.48, SD6 0.37). No main effect of congruency was observed (F(1, 89) = 0.08, MSE= 0.013, p = .78, ηp² < .01) and the interaction between congruency and time bin did not reach significance (F(3.83, 340.65) = 2.31, MSE= 0.0036, p = .06, ηp² = .03).
Log-transformed ML moment variability (Fig. S3b) decreased gradually beginning at the time bin within 75 ms after onset of the target (M1=-2.72, SD1 0.029; M2=-2.71, SD2 0.029; M3=-2.73, SD3 0.028; M4=-2.74, SD4 0.028; M5=-2.76, SD5 0.027; M6=-2.79, SD6 0.026; F(2.85, 253.31) = 50.38, MSE= 0.0060, p < .001, ηp² = .36). No main effect of congruency was observed (F(1, 89) = 0.09, MSE= 0.015, p = .77, ηp² < .01) and the congruency-by-time bin interaction was also not significant (F(3.93, 350.00) = 0.60, MSE= 0.0030, p = .66, ηp² < .01).
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Table S1. Descriptive statistics of the anteroposterior force moment variability for both cognitive tasks as a function of congruency and time bin. M: mean, S: standard deviation.
	target-aligned
	Cognitive conflict task
	Time bin
	-150 to -75 ms
	-75 ms to target onset
	target onset to 75 ms
	75 to 150 ms
	150 to 225 ms
	225 to 300 ms

	
	
	
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	
	Both tasks
Included
	Incongruent
	-2.40
	0.38
	-2.39
	0.38
	-2.41
	0.38
	-2.43
	0.37
	-2.44
	0.36
	-2.48
	0.36

	
	
	Congruent
	-2.41
	0.38
	-2.39
	0.38
	-2.40
	0.38
	-2.42
	0.38
	-2.44
	0.38
	-2.48
	0.36

	
	
	Congruency effect
	0.011
	0.10
	0.0060
	0.095
	-0.008
	0.093
	-0.012
	0.088
	-0.0019
	0.091
	0.0015
	0.10

	
	AP Spatial Stroop task
	Incongruent
	-2.40
	0.382
	-2.39
	0.388
	-2.41
	0.384
	-2.43
	0.372
	-2.43
	0.364
	-2.48
	0.362

	
	
	Congruent
	-2.41
	0.378
	-2.39
	0.384
	-2.39
	0.384
	-2.41
	0.388
	-2.44
	0.372
	-2.49
	0.360

	
	
	Congruency effect
	0.0085
	0.10
	0.0042
	0.085
	-0.020
	0.093
	-0.012
	0.081
	0.013
	0.096
	0.010
	0.11

	
	ML Spatial Stroop task
	Incongruent
	-2.39
	0.387
	-2.39
	0.379
	-2.40
	0.374
	-2.43
	0.373
	-2.46
	0.367
	-2.49
	0.363

	
	
	Congruent
	-2.41
	0.391
	-2.39
	0.386
	-2.41
	0.387
	-2.42
	0.379
	-2.44
	0.387
	-2.48
	0.368

	
	
	Congruency effect
	0.013
	0.10
	0.0078
	0.11
	0.0036
	0.093
	-0.012
	0.095
	-0.017
	0.084
	-0.0071
	0.090



Table S2. Descriptive statistics of the mediolateral force moment variability for both cognitive tasks as a function of congruency and time bin. M: mean, S: standard deviation.
	target-aligned
	Cognitive conflict task
	Time bin
	-150 to -75 ms
	-75 ms to target onset
	target onset to 75 ms
	75 to 150 ms
	150 to 225 ms
	225 to 300 ms

	
	
	Congruency
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	
	Both tasks
Included
	Incongruent
	-2.71
	0.41
	-2.71
	0.42
	-2.72
	0.41
	-2.73
	0.41
	-2.76
	0.40
	-2.79
	0.38

	
	
	Congruent
	-2.72
	0.41
	-2.71
	0.41
	-2.72
	0.41
	-2.74
	0.40
	-2.75
	0.39
	-2.79
	0.37

	
	
	Congruency effect
	0.0073
	0.099
	0.0037
	0.097
	-0.0040
	0.095
	0.0059
	0.092
	-0.0014
	0.088
	0.0035
	0.097

	
	AP Spatial Stroop task
	Incongruent
	-2.71
	0.429
	-2.71
	0.441
	-2.72
	0.445
	-2.73
	0.439
	-2.75
	0.431
	-2.78
	0.410

	
	
	Congruent
	-2.72
	0.429
	-2.70
	0.441
	-2.71
	0.441
	-2.74
	0.423
	-2.75
	0.418
	-2.79
	0.388

	
	
	Congruency effect
	0.011
	0.098
	-0.0053
	0.10
	-0.0049
	0.10
	0.010
	0.091
	-0.0026
	0.080
	0.0083
	0.095

	
	ML Spatial Stroop task
	Incongruent
	-2.71
	0.387
	-2.70
	0.394
	-2.73
	0.381
	-2.74
	0.383
	-2.76
	0.363
	-2.79
	0.353

	
	
	Congruent
	-2.72
	0.392
	-2.71
	0.389
	-2.73
	0.384
	-2.74
	0.375
	-2.76
	0.371
	-2.79
	0.343

	
	
	Congruency effect
	0.0035
	0.10
	0.013
	0.092
	-0.0031
	0.089
	0.0016
	0.092
	-0.00021
	0.097
	-0.0014
	0.098





Table S3. Test statistics of ANOVAs of the congruency effect for the moment variability in each temporal bin (target-aligned) for both cognitive tasks in both directions of body sway. Significant effects or interactions are indicated in bold.
	
	
	F, p, ƞp2

	[bookmark: _Hlk214015505]
	Temporal bin
	-150 to -75 ms
	-75 ms to target onset
	target onset to 75 ms
	75 to 150 ms
	150 to 225 ms
	225 to 300 ms

	Target-aligned
 
	Both cognitive tasks
	Anteroposterior
	F(1, 89) = 2.55, p = .114, ƞp2 = .03
	F(1, 89) = 0.77, p = .384, ƞp2 < .01
	F(1, 89) =  1.62, p = .207, ƞp2 = .02
	F(1, 89) =  3.01, p = .086, ƞp2 = .03 
	F(1, 89) =  0.08, p = .777, ƞp2 < .01
	F(1, 89) = 0.04, p = .849, ƞp2 < .01

	
	
	Mediolateral
	F(1, 89) = 1.13, p = .291, ƞp2 = .01
	F(1, 89) = 0.30, p = .587, ƞp2 < .01
	F(1, 89) = 0.35, p = .557, ƞp2 < .01
	F(1, 89) = 0.88, p = .350, ƞp2 < .01
	F(1, 89) = 0.06, p = .815, ƞp2 < .01
	F(1, 89) = 0.24, p = .623, ƞp2 < .01

	
	AP Spatial Stroop task
	Anteroposterior
	F(1, 89) = 0.65, p = .422, ƞp2 < .01
	F(1, 89) = 0.23, p = .634, ƞp2 < .01
	F(1, 89) = 4.29, p = .041, ƞp2 = .05 
	F(1, 89) = 1.85, p = .178, ƞp2 = .02
	F(1, 89) = 1.78, p = .186, ƞp2 = .02
	F(1, 89) = 0.76, p = .386, ƞp2 < .01

	
	
	Mediolateral
	F(1, 89) = 1.16, p = .285, ƞp2 = .01
	F(1, 89) = 0.24, p = .624, ƞp2 < .01
	F(1, 89) = 0.21, p = .646, ƞp2 < .01
	F(1, 89) = 1.13, p = .292, ƞp2 = .01
	F(1, 89) = 0.09, p = .760, ƞp2 < .01
	F(1, 89) = 0.68, p = .413, ƞp2 < .01

	
	ML Spatial Stroop task
	Anteroposterior
	F(1, 89) = 1.51, p = .222, ƞp2 = .02
	F(1, 89) = 0.48, p = .491, ƞp2 < .01
	F(1, 89) = 0.13, p = .717, ƞp2 < .01
	F(1, 89) = 1.36, p = .247, ƞp2 = .02
	F(1, 89) = 3.73, p = .056, ƞp2 = .04
	F(1, 89) = 0.56, p = .455, ƞp2 < .01

	
	
	Mediolateral
	F(1, 89) = 0.11, p = .740, ƞp2 < .01
	F(1, 89) = 1.69, p = .196, ƞp2 = .02
	F(1, 89) = 0.11, p = .743, ƞp2 < .01
	F(1, 89) = 0.03, p = .871, ƞp2 < .01
	F(1, 89) = 0.00, p = .983, ƞp2 < .01
	F(1, 89) = 0.02, p = .896, ƞp2 < .01







Figures
Figure S1. Raincloud plots of the distributions of the anteroposterior (A) and mediolateral (B) log-transformed standard-deviation of moment variability in both cognitive tasks across the target-aligned temporal bins as a function of congruency (only for trials where the previous trial was congruent too) for each extracted time bin (75 ms width; from 150 ms before to 300 ms after target onset).






Figure S2. Raincloud plots of the distributions of the anteroposterior (A) and mediolateral (B) log-transformed standard-deviation of moment variability in the AP Spatial Stroop task across the target-aligned temporal bins as a function of congruency (only for trials where the previous trial was congruent too) for each extracted time bin (75 ms width; from 150 ms before to 300 ms after target onset). Significant effects are indicated with asterisks (*: p<0.05).






Figure S3. Raincloud plots of the distributions of the anteroposterior (A) and mediolateral (B) log-transformed standard-deviation of moment variability in the ML Spatial Stroop task across the target-aligned temporal bins as a function of congruency (only for trials where the previous trial was congruent too) for each extracted time bin (75 ms width; from 150 ms before to 300 ms after target onset).




image2.emf
Moment variability [SD log Nmm]

Congruency effect

Congruent Incongruent

AP Spatial Stroop task: mediolateral moment variability

B

-3.5

-3.0

-2.5

-2.0

-1.5

-150 to -75 -75 to 0 0 to 75 75 to 150 150 to 225 225 to 300

Temporal range [target-aligned; ms]

Moment variability [SD log Nmm]

Congruency effect

Congruent Incongruent

AP Spatial Stroop task: anteroposterior moment variability

A

-3.0

-2.5

-2.0

-1.5

-1.0

-150 to -75 -75 to 0 0 to 75 75 to 150 150 to 225 225 to 300

Temporal range [target-aligned; ms]

*


Microsoft_Visio_Drawing1.vsdx
Moment variability [SD log Nmm]
Congruency effect
Congruent
Incongruent
AP Spatial Stroop task: mediolateral moment variability
B
-3.5
-3.0
-2.5
-2.0
-1.5
-150 to -75
-75 to 0
0 to 75
75 to 150
150 to 225
225 to 300
Temporal range [target-aligned; ms]
Moment variability [SD log Nmm]
Congruency effect
Congruent
Incongruent
AP Spatial Stroop task: anteroposterior moment variability
A
-3.0
-2.5
-2.0
-1.5
-1.0
-150 to -75
-75 to 0
0 to 75
75 to 150
150 to 225
225 to 300
Temporal range [target-aligned; ms]
*



image3.emf
Moment variability [SD log Nmm]

Congruency effect

Congruent Incongruent

ML Spatial Stroop task: mediolateral moment variability

B

-3.5

-3.0

-2.5

-2.0

-1.5

-150 to -75 -75 to 0 0 to 75 75 to 150 150 to 225 225 to 300

Temporal range [target-aligned; ms]

Moment variability [SD log Nmm]

Congruency effect

Congruent Incongruent

ML Spatial Stroop task: anteroposterior moment variability

A

-3.0

-2.5

-2.0

-1.5

-1.0

-150 to -75 -75 to 0 0 to 75 75 to 150 150 to 225 225 to 300

Temporal range [target-aligned; ms]


Microsoft_Visio_Drawing2.vsdx
Moment variability [SD log Nmm]
Congruency effect
Congruent
Incongruent
ML Spatial Stroop task: mediolateral moment variability
B
-3.5
-3.0
-2.5
-2.0
-1.5
-150 to -75
-75 to 0
0 to 75
75 to 150
150 to 225
225 to 300
Temporal range [target-aligned; ms]
Moment variability [SD log Nmm]
Congruency effect
Congruent
Incongruent
ML Spatial Stroop task: anteroposterior moment variability
A
-3.0
-2.5
-2.0
-1.5
-1.0
-150 to -75
-75 to 0
0 to 75
75 to 150
150 to 225
225 to 300
Temporal range [target-aligned; ms]



image1.emf
Moment variability [SD log Nmm]

Congruency effect

Congruent Incongruent

Both cognitive tasks: mediolateral moment variability

B

-3.5

-3.0

-2.5

-2.0

-1.5

-150 to -75 -75 to 0 0 to 75 75 to 150 150 to 225 225 to 300

Temporal range [target-aligned; ms]

Moment variability [SD log Nmm]

Congruency effect

Congruent Incongruent

Both cognitive tasks: anteroposterior moment variability

A

-3.0

-2.5

-2.0

-1.5

-1.0

-150 to -75 -75 to 0 0 to 75 75 to 150 150 to 225 225 to 300

Temporal range [target-aligned; ms]


Microsoft_Visio_Drawing.vsdx
Moment variability [SD log Nmm]
Congruency effect
Congruent
Incongruent
Both cognitive tasks: mediolateral moment variability
B
-3.5
-3.0
-2.5
-2.0
-1.5
-150 to -75
-75 to 0
0 to 75
75 to 150
150 to 225
225 to 300
Temporal range [target-aligned; ms]
Moment variability [SD log Nmm]
Congruency effect
Congruent
Incongruent
Both cognitive tasks: anteroposterior moment variability
A
-3.0
-2.5
-2.0
-1.5
-1.0
-150 to -75
-75 to 0
0 to 75
75 to 150
150 to 225
225 to 300
Temporal range [target-aligned; ms]



