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Supplementary material
Supplementary Method
Tower of London Anxiety Manipulation



We modified the TOL to induce anxiety by (a) notifying participants prior to the task that their performance was a reflection of their intelligence; (b) requiring them to solve challenging problems with a sense of urgency by including a countdown timer; and (c) requiring them to hold information in working memory as they plan the entire solution to presented problems.
Worry Questionnaire


The Penn State Worry Questionnaire (PSWQ) is a 16-item measure that assesses pathological
worry. The PSWQ has previously been demonstrated to be internally consistent α= .93, and reliable 8-10 week rtt=.92 
 ADDIN EN.CITE 

(Brown et al., 1992, Dear et al., 2011, Meyer et al., 1990)
.
Perceived Competence


After each block of TOL problems participants rated their perceived level of competence during the previous block of problems on a scale from (1) not at all to (6) a great deal. 
Activation Likelihood Estimation (ALE)
Twenty four studies were identified employing the Tower of London Shallice, 1982()
 in a neuroimaging study (fMRI or PET). Only studies reporting activations for healthy controls were used. From these studies, we extracted co-ordinate maps from either task versus control contrasts, or difficulty contrasts (e.g. hard vs. easy planning conditions). Together, the studies reflected activation maps from 379 individuals, and yielded 361 loci overall. Studies were either reported in MNI coordinates, or converted into MNI coordinates using the Lancaster transformation Lancaster et al., 2007()
.

Statistical analysis of the studies was conducted using the revised activation likelihood estimation (ALE) algorithm Eickhoff et al., 2012()
 for coordinate-based analyses Turkeltaub et al., 2002()
. The method generates meta-analytic maps of consistent brain activation locations from the coordinates derived from neuroimaging studies with similar experimental conditions. The method provides an estimate of the convergence of foci across activation maps, and determines the significance of these estimates via an empirically derived null distribution Eickhoff et al., 2012()
. The null hypothesis is that the foci are distributed randomly across the brain, and the test statistic supports a random-effects inference, that the modeled activation (MA) maps reflect an above-chance convergence across studies Eickhoff et al., 2012(, Turkeltaub et al., 2012)
. A detailed description of the ALE technique can be found elsewhere Eickhoff et al., 2012(, Turkeltaub et al., 2012)
. In short, activation foci reported for a given experiment are treated as centers of a 3D Gaussian probability distribution, the width of which is empirically derived and reflects an estimate of the spatial uncertainty of the foci of a given map and sample size of each experiment Eickhoff et al., 2009()
. Based on the ICBM tissue probability maps, each focus is given a probability value on how likely the activation is located at exactly that position. One modeled activation map (MA) is then created for each experiment by merging the probability distribution of all activation foci. If more than one focus from a single experiment is jointly influencing the MA map, then the maximum probability associated with any one focus reported by the given experiment is used. ALE scores are then calculated by taking the union of these individual MA maps, and these scores reflect the voxel-wise convergence of activation across experiments. The p values of the ALE scores are determined with reference to the null distribution The resulting non-parametric p-values were transformed into Z-scores and thresholded at a cluster-level Family Wise Error (FWE) rate-corrected threshold of p<.05 (cluster-forming threshold at voxel-level p<.001). 
Detailed Analytic Plan


In order to flexibly model the shape of the hemodynamic response, changes in blood oxygen level dependent activity in each ROI were estimated using a cubic basis function with three equally spaced interior knots positioned between the minimum (0) and maximum (35.07) values of time at level 1 as shown in equation (1) Degras and Lindquist, 2014()
. This yielded seven design matrix columns to represent time (Supplementary Fig. S2 shows the shape of the basis functions employed). In each model basis functions were modeled as random effects constrained to have equal variances according to a Toeplitz(1) covariance structure. We also modeled the residual error terms using an AR(1) covariance structure to control for the temporal autocorrelation of the BOLD signal. To evaluate the model fit within each ROI we included the effects of task difficulty at level 2 as shown in equation (2) below (see Supplementary Table S1 for notations). The proposed model provided an excellent fit to the raw data (L. DLPFC= Median Pseudo R2: Easy =.89, Hard=.92; L. RLPFC Median Pseudo R2: Easy =.73, Hard=.80; L. Amygdala Median Pseudo R2: Easy=.77, Hard=.83) Equation (3) was used to test whether amygdala activity was associated with self-reports of anxiety and equations (4) and (5) were used to determine if behavioral performance (planning accuracy and planning time) were associated with BOLD activity in the DLPFC and the RLPFC. We evaluated group differences in left amygdala, left DLPFC, and left RLPFC as a function of condition using equation (6). 
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βx1(Difficulty)i +βx2(Clinical Status)i + βx3(Difficulty)(Clinical Status)i + rxi 

ε i ~ N(0,σ2)   rxi ~ N(0,R)

Significant interactions between IV(s) and the combined-basis-functions on BOLD were probed by conducting simple contrasts at each time point within the original-time scale by combining and fixing the Basis functions to the appropriate values corresponding to the original time-scale. To control for Type I error we conducted 1000 Monte Carlo simulations of the relevant mixed model on simulated autocorrelated time-series data to determine the number of significant contiguous simple contrasts that would be expected to occur by chance Guthrie and Buchwald, 1991()
. Results indicate that a threshold of 5 contiguous time points (8.35 sec) significant at p<.050 or 7 contiguous time points (11.69 sec) significant at p<.10 is required to control for Type I error.


TEPRs. In order to model the shape of TEPRs, changes in TEPRs were estimated using a cubic basis function with three equally spaced interior knots positioned between the minimum (0) and maximum (35.07) values of time at level 1 as shown in equation (1). This yielded seven design matrix columns to represent time (Supplementary Fig. S2). In each model basis functions were modeled as random effects constrained to have equal variances according to a Toeplitz(1) covariance structure. We also modeled the residual error using an AR(1) covariance structure to control for the temporal autocorrelation of the pupillary response signal. To evaluate the model fit we included the effects of task difficulty at level 2 as shown in equation (2) below. This model provided an excellent fit to the raw data Median Pseudo R2: Easy =.80, Hard=.87. We evaluated group differences in TEPRS as a function of condition using equation (3). 
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βx1(Difficulty)i +βx2(Clinical Status)i + βx3(Difficulty)(Clinical Status)i + rxi 

where ε i ~ N(0,σ2)   rxi ~ N(0,R)

Significant interactions between IV(s) and the combined-basis-functions on TEPRS were probed by conducting simple contrasts at each time point within the original-time scale by combining and fixing the Basis functions to the appropriate values corresponding to the original time-scale. To control for Type I error we conducted 1000 Monte Carlo simulations of the relevant mixed model on simulated autocorrelated time-series data to determine the number of significant contiguous simple contrasts that would be expected to occur by chance Guthrie and Buchwald, 1991()
. Results indicate that a threshold of 5 contiguous time points (8.35 sec) significant at p<.050 was required to control for Type I error.

Supplementary Results


Meta Analysis Results. Results from the meta analysis results are reported in Supplementary Table S2. Bilateral DLPFC activation was observed. 

Brain Correlates of baseline Anxiety. There was a significant interaction in the L. Amygdala F(7,247.5)=3.77, p<.001 [Combined-Basis-Function Function, F(6,214.6)=14.33, p<.001]. As shown in Supplementary Fig. S3A and Supplementary Table S3, anxiety was positively correlated with L. Amygdala activity from 15.03sec to 35.07sec. 


Brain Correlates of task Anxiety. There was a significant interaction in the L. Amygdala F(7,243.2)=2.08, p=.046 [Combined-Basis-Function Function, F(6,209.3)=9.54, p<.001]. As shown in Supplementary Fig. S3B and Supplementary Table S3, anxiety was positively correlated with L. Amygdala activity from 15.03sec to 33.40 sec. 


Brain Correlates of Planning Accuracy. There was a significant Planning Accuracy x Combined-Basis-Function Function interaction predicting BOLD activity in the L.RLPFC F(7,725.8)=3.00, p=.004 [Combined-Basis-Function Function F(6,277.8)=17.18, p<.001] and L. DLPFC F(7,492.6)=2.77, p=.008 [Combined-Basis-Function Function F(6,200.3)=60.23, p<.001]. As shown in Supplementary Fig. S4A, and Supplementary Table S4, planning accuracy was positively correlated with BOLD activity in the L.RLPFC from 10.02 sec to 16.70 sec and negatively correlated from 25.05 sec to 35.07 sec. In addition, planning accuracy was positively correlated with BOLD activity in the L. DLPFC from 25.05 sec to 35.07 sec (see Supplementary Fig. S4C). 

Brain Correlates of Planning Time. There was a significant Planning Time x Combined-Basis-Function Function interaction predicting BOLD activity in the L.RLPFC F(7,658.2)=4.46, p<.001
 [Combined-Basis-Function Function F(6,280.7)=17.65, p<.001] and L. DLPFC F(7,386.6)=4.54, p<.001 [Combined-Basis-Function Function F(6,200.9)=59.63, p<.001]. As show in Supplementary Fig. S4B and Supplementary Table S4, planning time was negatively correlated with BOLD activity in the L.RLPFC from 10.02 sec to 16.70 sec and positively correlated from 25.05 sec to 35.07 sec. In addition, planning time was positively correlated with BOLD activity in the L. DLPFC from 23.38sec to 35.07 sec (see Supplementary Fig. S4D). 
Did task anxiety mediate observed group differences in cognitive performance?


Planning Time. The quadratic effect of task anxiety did not mediate group differences in easy planning times (instantaneous indirect effect: θ=460, SE=729 95% CI(-118, 2635). The quadratic effect of task anxiety did not mediate group differences in hard planning times (instantaneous indirect effect: θ=-270, SE=472 95% CI(-2033, 277) see Supplementary Table S6.

 Did task anxiety mediate the observed group differences in amygdala activation? 

Task anxiety did not mediate differences between MDD and HCs in left amygdala activation, indirect effect = 1.04, SE =1.26, p =.408, 95% CI(-1.42, 3.51) see Supplementary Table S6. 
Was TEPRS correlated with ROIs during the TOL?


TEPRS were strongly associated with activation within the left DLPFC (Easy/Hard: M=.64/.73, SD=.41/.43), relative to the left RLPFC (Easy/Hard: M=.36/.46, SD=.38/.44 ), or left amygdala (Easy/Hard: M= -.28/-.48, SD=.49/.44).
Did MDD and HC groups differ in the degree TEPRS?

There was a significant Clinical Status x Difficulty x Combined-Basis-Function interaction, F(7,139.8)=2.39, p=.025, on TEPR (see Supplementary Table S7 for full model). Probing the interaction indicated that during difficulty problems the MDD group demonstrated decreased TEPRS from 5.01 to 35.07 relative to HCs (ps<.050, corrected, d=0.97) no differences were observed during easy problems (ps>.050, corrected, Easy: d=0.14, Supplementary Fig. S5). 
Differential Associations of Performance with Amygdala-IFG Functional Connectivity


Planning Accuracy. There was no significant Planning Accuracy x Clinical Status interaction in the easy (b=-0.02, SE=0.01, p=.060) or hard condition (b=0.01, SE=0.02, p=.659); nor main effects of planning accuracy in the easy (b=0.00, SE=0.00, p=.940) or hard (b=0.00, SE=0.01, p=.627) conditions.
Exploration into causes of decreased anxiety in the MDD group

 Competence. The effects of Clinical Status, F(1,38)=4.79, p=.035, and Time, F(2,76)=4.96, p=.010 on perceived competence were not qualified by a Clinical Status x Time interaction, F(2,76)=1.30, p=.279. Due to the exploratory nature of the analyses we probed the non-significant interaction to determine if one group was driving the observed main effects. Results indicated that changes in perceived competence were driven by a marginal increase in perceived competence in the MDD group from Block 1 to Block 2, and a significant increase from Block 2 to Block 3 (see Supplementary Table S8, Supplementary Fig. S6). In contrast perceived competence did not statistically change over the course of the task in HCs. The MDD group reported lower perceived competence relative to controls during Block 1 t=2.75, p=.008, d=0.87; but did not differ during block 2 t=1.71, p=0.091, d=0.54 or block 3, t=1.41, p=.163, d=0.45. 
Associations between baseline anxiety and task anxiety with worry

Within the MDD group task anxiety was significantly associated with worry (r=.44, p=.008), whereas baseline anxiety was not (r=.14, p=.400). In the HCs task anxiety was not associated with worry (r=.13, p=.612), neither was baseline anxiety (r=.36, p=.091). These results suggest that for MDD participants task anxiety more likely reflected worry, where as in controls reports of task anxiety may reflect adaptive increases in arousal. 
Supplementary Tables
	Supplementary Table S1. Notations

	t
	Time (sec)

	i
	Subject index

	π
	Level 1 coefficient

	β
	Level 2 coefficient

	x
	Basis function index

	Bx
	Basis function

	ρ
	Autocorrelation

	eti
	Error term at time t for person i

	εi
	Residual error for person i

	rxi
	Variance associated with basis function x for person i

	N
	Normally distributed

	R
	Within-person error covariance matrix

	σ2
	Variance

	
	


	Supplementary Table S2. Brain regions activated during the Tower of London as identified by the meta-analysis 

	 
	L/R
	BA
	x
	y
	z
	Voxels
	r(pupil,brain)

	Middle Frontal Gyrus
	R
	6
	28
	9
	61
	117
	.62/.71

	Superior Frontal Gyrus
	L
	6
	-23
	6
	61
	117
	.73/.76

	Precuneus
	R
	7
	9
	-53
	60
	28
	.61/.64

	Precuneus
	L
	7
	-5
	-53
	61
	28
	.62/.61

	Inferior Parietal Lobule
	R
	40
	47
	-37
	52
	78
	.68/.70

	Medial Frontal Gyrus
	R
	8
	6
	25
	49
	43
	.57/.55

	Middle Frontal Gyrus
	R
	9
	42
	39
	33
	35
	.62/.64

	
	L
	9
	-40
	33
	37
	55
	.64/.73

	Insula 
	L
	13
	-28
	21
	11
	42
	.55/.62

	Inferior Frontal Gyrus
	R
	45
	32
	24
	7
	65
	.42/.35

	 
	


	Supplementary Table S3. Association between anxiety and amygdala activity

	Omnibus Tests of Fixed Effects 

	Combined-Basis-Function: 
	F(6,214.6)=14.33, p<.001
	F(6,209.3)=24.89, p<.001

	Anxiety x C-B-F:
	F(7,247.5)=3.77, p<.001 
	F(7,243.2)=2.08, p=.046 

	
	
	

	Technical Notes For Full Model

	Parameter
	Baseline Anxiety
	Task Anxiety

	Fixed Effects

	Level 1
	B
	SE
	B
	SE

	β00
	Intercept
	0.8
	0.39
	0.8
	0.39

	β10
	B1
	-2.05
	0.54
	-2.05
	0.54

	β20
	B2
	0.64
	0.43
	0.64
	0.43

	β30
	B3
	-0.53
	0.4
	-0.53
	0.4

	β40
	B4
	-1.28
	0.42
	-1.28
	0.42

	β50
	B5
	-1.01
	0.38
	-1.01
	0.38

	β60
	B6
	-1.41
	0.48
	-1.41
	0.48

	β70
	B7
	0
	0
	0
	0

	Level 2
	
	
	
	

	β11
	Anxiety
	0.94
	0.39
	0.17
	0.39

	β21
	Anxiety
	-0.29
	0.15
	-0.05
	0.15

	β31
	Anxiety
	0.22
	0.13
	0.03
	0.13

	β41
	Anxiety
	0.31
	0.13
	0.31
	0.13

	β51
	Anxiety
	0.43
	0.13
	0.17
	0.13

	β61
	Anxiety
	0.3
	0.15
	0.36
	0.15

	β71
	Anxiety
	-0.09
	0.39
	-0.87
	0.39

	Random Parameters

	rxi
	C-B-F
	0.29
	0.07
	0.31
	0.08

	eti
	Level 1-Error
	0.46
	0.07
	0.48
	0.07

	ρ
	AR(1)
	0.93
	0.01
	0.93
	0.01

	Note. L = Left, B = Basis Function, CBF = Combined-Basis-Function


	Supplementary Table S4. Associations between behavioral performance and prefrontal activity

	Omnibus Tests of Fixed Effects 

	
	L.RLPFC
	L. DLPFC
	 
	L.RLPFC
	L. DLPFC

	Combined-Basis-Function
	F(6,277.8)=17.18, p<.001
	F(6,200.3)=60.23, p<.001
	 Combined-Basis-Function
	F(6,280.7)=17.65, p<.001
	F(7,386.6)=4.54, p<.001

	P. Accuracy x C-B-F
	F(7,725.8)=3.00, p=.004
	 F(7,492.6)=2.77, p=.008
	  P. Time x C-B-F
	F(7,658.2)=4.46, p<.001 
	F(6,200.9)=59.63, p<.001

	Technical Notes for Full Models

	Parameter
	L.RLPFC
	L. DLPFC
	Parameter
	L.RLPFC
	L. DLPFC

	Fixed Effects

	Level 1
	B
	SE
	B
	SE
	Level 1
	
	B
	SE
	B
	SE

	β00
	Intercept
	0.55
	0.41
	0.46
	0.29
	β00
	Intercept
	0.55
	0.41
	0.46
	0.29

	β10
	B1
	1.67
	0.57
	2.14
	0.39
	β10
	B1
	1.67
	0.56
	2.14
	0.39

	β20
	B2
	-2.14
	0.46
	-3.02
	0.32
	β20
	B2
	-2.14
	0.45
	-3.02
	0.32

	β30
	B3
	-0.80
	0.43
	0.20
	0.31
	β30
	B3
	-0.58
	0.43
	0.20
	0.31

	β40
	B4
	-0.07
	0.40
	0.00
	0.32
	β40
	B4
	-0.07
	0.40
	0.00
	0.32

	β50
	B5
	-0.36
	0.41
	-0.28
	0.29
	β50
	B5
	-0.36
	0.41
	-0.28
	0.29

	β60
	B6
	-0.39
	0.51
	-0.46
	0.36
	β60
	B6
	-0.39
	0.51
	-0.46
	0.36

	β70
	B7
	0.00
	0.00
	0.00
	0.00
	β70
	B7
	0.00
	0.00
	0.00
	0.00

	Level 2
	
	
	
	
	Level 2
	
	
	
	
	

	β11
	P. Accuracy
	0.08
	0.40
	0.23
	0.27
	β11
	P. Time
	0.05
	0.40
	-0.22
	0.27

	β21
	P. Accuracy
	-0.05
	0.14
	-0.08
	0.10
	β21
	P. Time
	0.07
	0.13
	0.10
	0.10

	β31
	P. Accuracy
	0.17
	0.11
	0.07
	0.09
	β31
	P. Time
	-0.32
	0.11
	-0.18
	0.08

	β41
	P. Accuracy
	0.24
	0.11
	0.08
	0.08
	β41
	P. Time
	-0.01
	0.10
	0.03
	0.08

	β51
	P. Accuracy
	-0.32
	0.11
	-0.21
	0.09
	β51
	P. Time
	0.20
	0.11
	0.21
	0.08

	β61
	P. Accuracy
	0.00
	0.14
	-0.21
	0.10
	β61
	P. Time
	0.15
	0.13
	0.23
	0.10

	β71
	P. Accuracy
	-0.51
	0.40
	-0.23
	0.27
	β71
	P. Time
	0.72
	0.40
	0.39
	0.27

	Random Parameters

	rxi
	C-B-F
	0.74
	0.11
	0.57
	0.09
	rxi
	C-B-F
	0.70
	0.11
	0.58
	0.09

	eti
	Level 1-Error
	0.37
	0.04
	0.23
	0.01
	eti
	Level 1-Error
	0.36
	0.01
	0.21
	0.04

	ρ
	AR(1)
	0.91
	0.01
	0.94
	0.05
	ρ
	AR(1)
	0.90
	0.04
	0.93
	0.09

	L = Left. P=Planning. RLPFC = rostrolateral prefrontal cortex. DLPFC=dorsolateral prefrontal cortex. B=Basis function. C-B-F=Combined-Basis-Function.


	Supplementary Table S5. Simple contrasts of anxiety over the course of the Tower of London

	
	 
	Anxiety

	
	
	MDD
	HC

	Contrast
	t
	p
	d
	t
	p
	d

	Baseline vs. Block 1
	
	-2.84
	.005
	0.86
	-5.65
	<.001
	1.70

	Baseline vs. Block 2
	-0.72
	.475
	0.22
	-4.14
	<.001
	1.25

	Baseline vs. Block 3 
	-1.13
	.260
	0.34
	-2.64
	.009
	0.80

	Block 1 vs. Block 2 
	1.89
	.061
	0.57
	0.21
	.835
	0.06

	Block 1 vs. Block 3
	0.86
	.390
	0.26
	1.27
	.206
	0.38

	Block 2 vs. Block 3
	-0.76
	.451
	0.23
	1.46
	.146
	0.44

	Note. d=Cohen's d. Anxiety df=114


	Supplementary Table S6. Results of behavioral and brain mediation analyses using task anxiety as the mediator

	DV
	Predictor
	β
	b
	SE
	T
	p
	R2

	Behavioral Data

	Anxietytask
	Clinical Status
	0.23
	0.75
	0.51
	1.46
	.152
	0.05

	
	
	
	
	
	
	
	

	Easy: Planning Time
	Clinical Status
	0.33
	2700
	1300
	2.08
	.045
	0.19

	
	Anxietytask
	1.14
	2952
	2071
	1.43
	.162
	

	
	Anxiety2task
	-0.10
	-361
	291
	-1.24
	.223
	

	
	
	
	
	
	
	
	

	Hard: Planning Time
	Clinical Status
	0.34
	2379
	1147
	2.07
	.045
	0.12

	
	Anxietytask
	0.06
	136
	1827
	0.07
	.941
	

	
	Anxiety2task
	-0.25
	-77
	257
	-0.30
	.767
	

	
	
	
	
	
	
	
	

	fMRI Data

	Anxietytask
	Clinical Status
	0.26
	0.82
	0.50
	1.63
	.111
	0.06

	Amygdala
	Anxietytask
	0.17
	1.27
	0.97
	1.31
	.191
	0.47

	
	Clinical Status
	0.62
	14.92
	2.96
	5.05
	<.001
	

	


	Supplementary Table S7. Differences between MDD and HC on amygdala activity, prefrontal activity and pupil dilation

	Omnibus Tests of Fixed Effects

	 
	 
	L. Amygdala
	L. RLPFC
	L. DLPFC
	Pupil

	Combined-Basis-Function
	F(6,415)=9.30, p<.001
	F(6,439.6)=3.49, p=.002
	F(6,299.4)=25.38, p<.001
	F(6,161.7)=17.09, p<.001

	Difficulty x Combined-Basis-Function
	F(7,385.7)=2.20, p=.034
	F(7,487.1)=3.91, p<.001
	F(7,266.4)=5.45, p<.001
	F(7,139.8)=6.48, p<.001

	C.S. x Combined-Basis-Function
	F(7,422.4)=2.45, p=.018
	F(7,423.4)=1.73, p=.101
	F(7,327.9)=0.72, p=.652
	F(7,186.3)=0.95, p=.467

	C.S. x Difficulty x Combined-Basis-Function
	F(7,385.7)=2.92, p=.006 
	F(7,487.1)=2.14, p=.038
	F(7,266.4)=2.21, p=.034
	F(7,139.8)=2.39, p=.025

	Technical Notes for Full Models
	
	

	Parameter
	 
	L. Amygdala
	L. RLPFC
	L. DLPFC
	Pupil

	Fixed Effects

	Level 1
	
	B
	SE
	B
	SE
	B
	SE
	B
	SE

	β00
	Intercept
	-1.49
	0.81
	-0.63
	0.84
	-0.30
	0.57
	1.34
	0.76

	β10
	B1
	-0.33
	1.11
	2.39
	1.15
	3.65
	0.79
	-4.80
	1.05

	β20
	B2
	3.13
	0.88
	-0.91
	0.91
	-2.53
	0.63
	-2.76
	0.84

	β30
	B3
	1.48
	0.83
	0.88
	0.87
	1.26
	0.60
	-0.39
	0.79

	β40
	B4
	0.92
	0.87
	0.62
	0.91
	0.79
	0.63
	-1.42
	0.83


	β50
	B5
	0.90
	0.77
	0.53
	0.81
	0.45
	0.57
	-1.58
	0.74

	β60
	B6
	1.46
	1.00
	0.47
	1.04
	0.15
	0.71
	-1.86
	0.95

	β70
	B7
	0
	0
	0
	0
	0
	0
	0
	0

	Level 2
	
	
	
	
	
	
	
	
	

	β11
	Clinical Status
	1.53
	1.10
	0.19
	1.13
	-0.98
	0.77
	-0.49
	1.04

	β12
	Difficulty
	-0.47
	1.14
	-0.19
	1.16
	0.34
	0.34
	1.59
	1.08

	β13
	Difficulty x C. S.
	0.17
	1.53
	1.66
	1.56
	-0.36
	0.31
	-0.22
	1.48

	β21
	Clinical Status
	-0.56
	0.40
	-0.02
	0.30
	-0.16
	0.30
	0.12
	0.32

	β22
	Difficulty
	0.10
	0.37
	0.24
	0.36
	-0.29
	0.31
	-0.38
	0.42

	β23
	Difficulty x C. S.
	0.17
	0.50
	-0.57
	0.48
	-0.10
	0.34
	0.16
	0.45

	β31
	Clinical Status
	0.71
	0.33
	-0.11
	0.37
	0.66
	0.77
	0.38
	0.24

	β32
	Difficulty
	0.07
	0.29
	-0.76
	0.27
	-0.88
	0.77
	-0.22
	0.37

	β33
	Difficulty x C. S.
	-0.53
	0.40
	0.62
	0.37
	0.31
	0.25
	-0.64
	0.34

	β41
	Clinical Status
	0.48
	0.33
	1.06
	0.36
	-0.36
	0.19
	0.77
	0.23

	β42
	Difficulty
	-0.08
	0.28
	0.22
	0.26
	0.40
	0.18
	-0.12
	0.36

	β43
	Difficulty x C. S.
	-0.52
	0.38
	-0.71
	0.35
	0.43
	0.19
	-0.54
	0.32

	β51
	Clinical Status
	0.57
	0.33
	0.19
	0.37
	0.60
	0.25
	0.88
	0.24

	β52
	Difficulty
	0.17
	0.29
	0.57
	0.27
	1.76
	0.77
	0.09
	0.37

	β53
	Difficulty x C. S.
	-0.11
	0.40
	-0.31
	0.37
	0.80
	1.03
	-0.68
	0.34

	β61
	Clinical Status
	-0.40
	0.40
	0.51
	0.43
	-0.26
	0.33
	1.38
	0.32

	β62
	Difficulty
	-1.18
	0.37
	-0.19
	0.36
	0.25
	0.26
	0.07
	0.42

	β63
	Difficulty x C. S.
	0.85
	0.00
	0.53
	0.48
	-0.53
	0.20
	-1.12
	0.45

	β71
	Clinical Status
	3.21
	1.10
	0.87
	1.13
	-0.14
	0.26
	-1.56
	1.04

	β72
	Difficulty
	3.93
	1.14
	3.31
	1.16
	-0.36
	0.33
	-1.68
	1.08

	β73
	Difficulty x C. S.
	-5.26
	1.53
	-3.46
	1.56
	-1.79
	1.03
	2.17
	1.48

	Random Parameters
	
	

	rxi
	Combined-Basis-Function
	0.33
	0.08
	0.70
	0.11
	0.61
	0.09
	0.63
	0.16

	eti
	Level 1-Error
	0.47
	0.07
	0.36
	0.04
	0.19
	0.01
	0.24
	0.05

	ρ
	AR(1)
	0.93
	0.01
	0.91
	0.01
	0.92
	0.04
	0.90
	0.02

	Note L = Left. P=Planning. DLPFC=dorsolateral prefrontal cortex. RLPFC=rostrolateral prefrontal cortex. B=Basis function. C.S. = Clinical Status.


	Supplementary Table S8. Simple contrasts of perceived competence over the course of the Tower of London

	
	Perceived Competence

	
	MDD
	HC

	Contrast
	t
	p
	d
	t
	p
	d

	Block 1 vs. Block 2 
	-0.93
	0.058
	0.58
	0.27
	0.791
	0.09

	Block 1 vs. Block 3
	-3.27
	0.002
	0.99
	-1.00
	0.319
	0.33

	Block 2 vs. Block 3
	-2.41
	0.019
	0.73
	-1.60
	0.115
	0.53

	Note. d=Cohen's d.


Supplementary Figures
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Supplementary Fig. S1. Post hoc right hemisphere region of interest time series analyses. Panel A shows group differences in the time series of left amygdala activity for easy and hard problems. Panel B shows group differences in the time series of left rostrolateral prefrontal cortex activity (RLPFC) for easy and hard problems. Panel C shows group differences in the time series of left dorsolateral prefrontal cortex (DLPFC) activation for easy and hard problems. The squares under each time-series indicate where the groups differ at white=p<.050, black=p<.100. Black underlined segments indicate regions that are statistically significant after contiguity thresholding to control for multiple comparisons at p<.050.
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Supplementary Fig. S2. Graph of the seven basis functions used to model the hemodynamic response function. 
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Supplementary Fig. S3. Panel A shows the association between self-reports of baseline anxiety and left amygdala activation. Panel B shows the association between self-reports of task anxiety and left amygdala activation. The squares under the time-series indicates where the association is significant at red=p<.050, yellow=p<.100. Black underlined segments indicates regions that are statistically significant after contiguity thresholding to control for multiple comparisons.
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Supplementary Fig. S4. Panel A. Shows the association between planning accuracy and left rostrolateral prefrontal cortex activation. Panel B. Shows the association between planning time and left rostrolateral prefrontal cortex activation. Panel C. Shows the association between planning accuracy and left dorsolateral prefrontal cortex activation. Panel D. Shows the association between planning time and left dorsolateral prefrontal cortex activation. The squares under each time-series indicates where the association is significant at red=p<.050, yellow=p<.100. Black underlined segments indicates regions that are statistically significant after contiguity thresholding to control for multiple comparisons at p<.050.
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Supplementary Fig. S5. Shows group differences in the time series of task evoked pupillometry responses for easy and hard problems. The squares under each time-series indicate where the groups differ at white=p<.050. Black underlined segments indicate regions that are statistically significant after contiguity thresholding to control for multiple comparisons at p<.050.
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Supplementary Fig. S6. Shows differences in perceived competence over the course of the task for the MDD group and the HCs. Bars with differing letters within a group are statistically significant B vs. C p<.06, all other combinations p<.05.
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