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Supplementary Method
Executive function tasks
Conners’ Continuous Performance Test (CCPT)
    The CCPT (Conners et al., 2003) is a Go/No-Go test with higher signal probability relative to the traditional CPT, and is widely used in studies of ADHD (Chiang & Gau, 2008; Egeland & Kovalik-Gran, 2010; Huang-Pollock et al., 2012; Wu et al., 2012). Participants are required to respond by pressing the spacebar when a letter appears, and withhold response when the letter ‘X’ (target) appears. Successful CPT performance requires sufficient attention regulation, inhibitory control, and vigilance. To focus on executive functions, we chose indices of sustained attention and response inhibition, which have been consistently shown to be associated with ADHD diagnosis and symptomatology (Epstein et al., 2003). Sustained attention was measured by omission errors (identifying failure to respond to targets) and hit reaction time (RT) standard error (hit RT SE, measuring response speed consistency). Response inhibition was measured by commission errors (identifying responses to non-targets) and perseverations (identifying reaction time less than 100 ms). Mean hit RT was not chosen due to variable performance and inconsistent association with ADHD (Epstein et al., 2003; Hwang Gu et al., 2013). 
Spatial Span (SSP)
    The SSP measures visuospatial working memory (De Luca et al., 2003). This task requires the ability to remember the order in which visual stimuli are presented. At the beginning, nine white boxes are presented in fixed locations on the screen. The boxes then changes color one after the other in a predetermined sequence, and the end of the sequence is indicated by a tone. The participants are asked to point to the boxes in the order by which they have changed color. Span length, defined as the longest sequence successfully recalled, for which individuals with ADHD showed poorer performance (Gau & Shang, 2010), was used as the outcome measure. 
MRI Parameters
    The imaging parameters were 180 echo planar imaging (EPI) volumes; TR = 2000 ms; TE = 24 ms; flip angle = 90˚; field of view (FOV) = 256×256 mm2; matrix size = 64×64; 34 axial slices acquired in an interleaved descending order with no between-slice gap; slice thickness = 3 mm; voxel size = 4×4×3 mm3; imaging plane being parallel to the anterior commissure–posterior commissure (AC–PC) image plane. For spatial normalization, a high-resolution T1-weighted anatomical image was also acquired (MPRAGE, TR = 2000 ms; TE = 2.98 ms; TI = 900 ms; flip angle = 9˚; FOV = 256×256 mm2; matrix size = 256×256; isotropic voxel size = 1 mm).
Additional denoising steps to minimize in-scanner head motion effects
    Besides our main denoising approach employing ‘Friston-24’ as motion regressors, we further used various strategies to address head motion impacts on rs-fMRI BOLD signal at the individual level, including: 1) regression of voxel-specific head motion parameters (Satterthwaite et al., 2013), 2) scrubbing within regression by identifying spiking time points of framewise displacement (FD) derived from Power et al. (2012) > 0.5mm along with 1 backward and 2 forward neighbors (Power et al., 2013), then modeling each spiking time point as a separate regressor in the model (Satterthwaite et al., 2013). 3) scrubbing volume using a threshold of FD > 0.5mm derived from Power et al. (2012), alongside 1 backward and 2 forward neighbors, after Friston-24 regression. All participants had more than 4-minute time series remained in the data after scrubbing procedure, ensuring reliability of the results (Satterthwaite et al., 2013). To demonstrate that our findings of group difference in RSFC was not related to in-scanner motion, we further examined the correlation between functional connectivity (z-transformed correlational value) between atypical seed-ROIs pairs and the mean of total FD (Van Dijk et al., 2012). 
A Bayesian approach to test the probability of our hypothesis being true given the observations (data) on these connectivity-behavior correlations
    The Bayes factor (BF) is the ratio of the likelihood that pits our prior hypothesis against a null hypothesis (Dienes, 2011), and was obtained by the Dienes Bayes Factor calculator (http://www.lifesci.sussex.ac.uk/home/Zoltan_Dienes/inference/Bayes.htm). Despite that there are published works relating intrinsic functional connectivity within the control network to ones’ behaviors and cognitive performance (Seeley et al., 2007; Zhong et al., 2013), the effect sizes indicated in these studies are likely inflated due to circular analysis (Kriegeskorte et al., 2009), hence not suitable to be treated as the prior theory to be tested. We therefore opted for the findings by Tu and colleagues (2012), which provides estimations of the effect size of RSFC-behavior correlation free from bias of circular analysis, as the prior hypothesis to be tested against: they found that disconnection within the cingulo-opercular network (a sub-component of the FPCN tested here) in schizophrenia was associated with two-back working memory performance (Pearson’s r = |0.54|) and negative symptoms (r = |0.59|), respectively. The effect sizes (Spearman’s rs) of clinical symptoms and cognitive performance in Tu et al. (2012) were converted to Fisher’s z. For the range of effects relevant to the prior theory, we used a half-normal distribution with a mode of zero and standard deviation of 0.678 (clinical symptoms) and of 0.604 (executive functions), both being the mean value (Dienes, 2011) from Tu and colleagues (2012). Correlational coefficients of our data were individually converted to Fisher’s z values. For interpretation, a BF above 3 is considered substantial evidence for the prior theory over the null hypothesis, and a BF below 1/3 to be substantial evidence for the null hypothesis (Jeffreys, 1961).

Supplementary Results  
Group differences across different in-scanner motion correction strategies
Results of group differences were all robust across different motion correction strategies (Supplementary Figures 5-10), except that only weaker left aPFC- right IPL connectivity, but not weaker right aPFC-right VLPFC and aPFC-right putamen connection in the ADHD group, was noted in the “scrubbing after regression” approach. There was no significant correlation between atypical seed-ROIs connectivity and mean total FD (Supplementary Figure 11).

Supplementary Discussion
Consideration of denoising strategies
    The utility of GSReg as a confound-correction strategy is once considered a standard denoising technique for rs-fMRI (Fox et al., 2009; Weissenbacher et al., 2009). Motion artifact is shown effectively attenuated by performing GSReg (Power et al., 2013; Satterthwaite et al., 2013; Yan et al., 2013). However, GSReg is recently demonstrated to potentially bias observed group differences (Saad et al., 2012). Whether or not to perform GSReg in rs-fMRI preprocessing has thus stirred up hot debate (Fox et al., 2009; Gotts et al., 2013; Murphy et al., 2013; Saad et al., 2012; Weissenbacher et al., 2009). In such context, Chen and colleagues (2012) developed the ‘criterial global negative index’ to determine the necessity of GSReg based on the characteristics of the data, rather than simply avoiding GSReg in preprocessing. Balancing the merits and perils, we decided to perform the main analysis including GSReg after assessing the criteria global negative index of our data, in order to better account for motion artifacts and increase specificity of findings. To be cautious, we further performed subsidiary analyses with other denoising methods (without GSReg and CompCor) and interpreted prudently the inconsistent results of aberrant connections of the left aPFC seed. Reassuringly, the finding of right aPFC-right VLPFC hypoconnectivity in ADHD was robust irrespective of denoising methods, suggesting that this finding is solid and marks the most reliable group difference.
    In dealing with potential confounds from head motion, we ensured the final sample of participants with limited ‘jerky’ movements (FD of all time-point <1 mm) and the two groups were matched on a composite of motion parameters (mean FD and ratio of micromovement >0.5 mm). We also did not find significant linear correlation between level of mean FD and aberrant RSFC. Across different stringent regression-based models accounting for head motion (i.e., Friston-24, voxel-specific motion parameter, spiking regression (Satterthwaite et al., 2013)), aberrancy of FPCN in ADHD was similar in spatial extents and the structures involved. Furthermore, even we applied the “scrubbing” procedure (Power et al., 2012), the main findings of left aPFC-right IPL hypoconnectivity in the ADHD group still remained, while atypical right aPFC connectivity was not shown after the removal of a considerable number of time points. The results from the “scrubbing” denoising procedure concur with prior work by Fair and colleagues (2012) that finds similar, albeit not identical, reductions in confounds from head motion among different ‘motion correction’ strategies. Notably, we argued that the missing of atypicality in right aPFC-right VLPFC connectivity after scrubbing may originate from the disruption in temporal structure of time series and discontinuity artifacts introduced by truncation (Patel et al., 2014), rather than type I error introduced by head motion, given the consistent findings across all different denoising strategies except scrubbing. Despite the comprehensive motion-correction strategies in the present studies, we acknowledge that in-scanner head motion may still affect functional connectivity measurements in a non-linear fashion (Power et al., 2012; Van Dijk et al., 2012). 
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Supplementary Table 1. Comparison of age, gender, ADHD-related symptoms, and IQ between participants who were included and who were excluded in final analysis.
	Mean±SD
	Inclusion (n=50)
	Exclusion (n=20)
	F
	p value

	ADHD (n=39)
	(n=25)
	(n=14)
	

	Males (%)
	20 (58.8)
	14 (41.2)
	χ2=3.212
	0.073

	Age
	9.94±1.77
	9.71±1.68
	0.15
	0.700

	Symptoms in SNAP-IV
	
	
	
	

	 Inattention
	17.68±5.93
	14.86±5.63
	2.11
	0.155

	 Hyperactivity/Impulsivity
	11.44±6.46
	9.79±5.10
	0.68
	0.42

	 Oppositional Defiant
	10.84±6.57
	6.71±4.78
	4.24
	0.047

	 Full IQ
	110.12±8.55
	102.46±17.23
	3.40
	0.074

	 Verbal IQ
	109.20±7.15
	101.62±13.39
	5.24
	0.028

	 Performance IQ
	110.44±13.00
	101.85±17.14
	3.00
	0.092

	TDC (n=31)
	(n=25)
	(n=6)
	

	Males (%)
	19 (76.0)
	6 (24.0)
	χ2=1.786
	0.182

	Age
	10.04±2.13
	9.33±1.37
	0.59
	0.448

	Symptoms in SNAP-IV
	
	
	
	

	 Inattention
	5.48±3.50
	1.33±1.75
	7.79
	0.009

	 Hyperactivity
	2.72±2.62
	2.00±1.41
	0.42
	0.524

	 Opposition-defiance
	3.20±2.45
	1.00±1.26
	4.47
	0.043

	 Full IQ
	113.96±8.72
	114.83±6.11
	0.05
	0.819

	 Verbal IQ
	115.44±10.15
	117.67±4.13
	0.27
	0.606

	 Performance IQ
	110.16±10.52
	109.83±10.19
	0.00
	0.946


ADHD: attention-deficit/hyperactivity disorder; TDC: typically developing children; IQ: intelligence quotient.


	All (n=70)
	Males
(n=59)
	Females
(n=11)
	χ2
	p value

	Included subjects (%)
	39 (66.1)
	11 (100.0)
	5.220
	0.022

	ADHD (n=39)
	(n=34)
	(n=5)
	

	Included subjects (%)
	20 (58.8)
	5 (100.0)
	3.212
	0.073

	TDC (n=31)
	(n=25)
	(n=6)
	

	Included subjects (%)
	19 (76.0)
	6 (100.0)
	1.786
	0.182


Supplementary Table 2. Inclusion rate between boys and girls. 









ADHD: attention-deficit/hyperactivity disorder; TDC: typically developing children.
Supplementary Table 3. Normality test for behavioral and functional connectivity data  
	
	ADHD (n=25)
	TDC (n=25)

	
	Shapiro-Wilk test
	p value
	Shapiro-Wilk test
	p value

	DSM-IV symptoms

	Inattention
	0.943
	0.175
	0.942
	0.165

	Hyperactivity-impulsivity
	0.961
	0.432
	0.889
	0.011

	Opposition-defiance
	0.968
	0.604
	0.937
	0.129

	Conners’ Continuous Performance Test 

	Sustained attention

	Omissions
	0.886
	0.009
	0.668
	< 0.001

	Hit RT standard error (Hit RT SE)
	0.778
	< 0.001
	0.656
	< 0.001

	Response inhibition

	  Commissions 
	0.935
	0.113
	0.946
	0.2

	Perseverations
	0.772
	< 0.001
	0.564
	< 0.001

	Cambridge Neuropsychological Test Automated Battery

	Spatial Span

	Spatial span
	0.944
	0.18
	0.874
	0.005

	ROIs Functional Connectivity

	Left aPFC-Right IPL
	0.972
	0.7
	0.987
	0.979

	Right aPFC-Right VLPFC
	0.941
	0.153
	0.939
	0.143

	Right aPFC-Right putamen
	0.922
	0.056
	0.959
	0.394




Supplementary Table 4. Comparisons of executive functions between children with ADHD and typically developing children (without covarying full-scale IQ).

	Mean ± SD
	ADHD
(n = 25)
	TDC
(n = 25)
	F values
	p values
	Cohen’s d

	Conners’ Continuous Performance Test 
	
	
	
	
	

	Sustained attention
	
	
	
	
	

	Omissions
	10.72 ± 7.21
	6.40 ± 9.12
	3.45
	0.076
	-0.53

	Hit RT standard error (Hit RT SE)
	11.63 ± 5.83
	8.46 ± 5.60
	3.85
	0.062
	-0.55

	Response inhibition
	
	
	
	
	

	  Commissions 
	25.36 ± 6.05
	20.96 ± 7.47
	6.55
	0.017
	-0.65

	Perseverations
	13.40 ± 14.81
	5.84 ± 11.09
	4.18
	0.052
	-0.58

	Cambridge Neuropsychological Test Automated Battery
	
	
	
	

	Spatial Span
	
	
	
	
	

	Spatial span
	6.16 ± 1.68
	7.00 ± 1.15
	4.44
	0.046
	0.58


ADHD: attention-deficit/hyperactivity disorder; TDC: typically developing children
Supplementary Table 5. 
Peak MNI coordinates for RSFC group differences, without global signal regression.
	 
	Comparison

	Regions
	Peak coordinates
	Cluster size
(no. of voxels)c
	BA

	 
	x
	y
	z
	 
	 

	Seed: left anterior PFC
	 
	 
	 
	 
	 

	TDC>ADHD
	
	
	
	
	

	Right middle frontal gyrus
	30
	15
	48
	179
	8

	Seed: right anterior PFC
	
	
	
	
	

	TDC>ADHD
	
	
	
	
	

	Right VLPFC (right pars triangularis of inferior frontal gyrus extending to right middle frontal gyrus)a,b
	54
	15
	33
	409
	45/9


ADHD: attention-deficit/hyperactivity disorder; TDC: typically developing children; No: number; PFC: prefrontal cortex; BA: Brodmann area; VLPFC: ventrolateral prefrontal cortex.
a Only this cluster is consistently found across disparate denoising methods. 
b One cluster with 3 peak coordinates: (54, 15, 33), (51, 18, 30), (33, 18, 24).
c The normalized voxel was resampled to isotropic 3 mm (27 mm3 per voxel).
Supplementary Table 6.
Peak MNI coordinates for RSFC group differences, denoised by CompCor.
	 
	Comparison

	Regions
	Peak coordinates
	Cluster size
(no. of voxels)b
	BA

	 
	x
	y
	z
	 
	 

	Seed: left anterior PFC
	 
	 
	 
	 
	 

	TDC>ADHD
	
	
	
	
	

	Left middle frontal gyrus
	-24
	18
	63
	138
	6

	Seed: right anterior PFC
	
	
	
	
	

	TDC>ADHD
	
	
	
	
	

	Right VLPFC (right pars triangularis of inferior frontal gyrus)a
	60
	24
	9
	120
	45


ADHD: attention-deficit/hyperactivity disorder; TDC: typically developing children; No: number; PFC: prefrontal cortex; BA: Brodmann area; VLPFC: ventrolateral prefrontal cortex.
a Only this cluster is consistently found across disparate denoising methods. 
b The normalized voxel was resampled to isotropic 3 mm (27 mm3 per voxel).
Supplementary Figure 1. 
Global negative index in children with attention-deficit/hyperactivity disorder (ADHD) and typically developing children (TDC).
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Supplementary Figure 2. 
Mean of total frame-wise displacement in children with attention-deficit/hyperactivity disorder (ADHD) and typically developing children (TDC). Frame-wise displacement was calculated based on the measure proposed by (A) Jenkinson et al. 2002 and (B) Power et al. 2012.
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Supplementary Figure 3. 
Between-group difference of the frontoparietal control network (FPCN) in children with attention-deficit/hyperactivity disorder (ADHD) and typically developing children (TDC), without global signal regression. Compared to TDC, children with ADHD demonstrated hypoconnectivity between the right anterior prefrontal cortex (aPFC) and the right ventrolateral prefrontal cortex. In the ADHD group, weaker left aPFC-right middle frontal cortex (BA 8) was found compared to the TDC group (p<0.05, cluster-level family-wise error corrected, voxel-level cluster-forming threshold p<0.001). L: left-side; R: right-side.  
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Supplementary Figure 4. 
Between-group difference of the frontoparietal control network (FPCN) in children with attention-deficit/hyperactivity disorder (ADHD) and typically developing children (TDC), with denoised method by CompCor. Compared to TDC, children with ADHD demonstrated hypoconnectivity between the right anterior prefrontal cortex (aPFC) and the right ventrolateral prefrontal cortex. In the ADHD group, weaker left aPFC-left middle frontal cortex BA 6) was found compared to the TDC group (p<0.05, cluster-level Gaussian Random Field corrected, voxel-level cluster-forming threshold p<0.01). L: left-side; R: right-side.
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Supplementary Figure 5. Between-group difference of the frontoparietal control network (FPCN) in children with attention-deficit/hyperactivity disorder (ADHD) and typically developing children (TDC), with motion correction regression against voxel-specific motion parameters, plus global signal regression (GSReg), white matter (WM) and cerebral spinal fluid (CSF) signals. aPFC: anterior prefrontal cortex; L: left-side; R: right-side.
[image: ]
Supplementary Figure 6. Between-group difference of the frontoparietal control network (FPCN) in children with attention-deficit/hyperactivity disorder (ADHD) and typically developing children (TDC), with motion correction regression against Friston-24 parameters, and spiking regression within the model, plus global signal regression (GSReg), white matter (WM) and cerebral spinal fluid (CSF) signals. aPFC: anterior prefrontal cortex; L: left-side; R: right-side. 
[image: ]


Supplementary Figure 7. Between-group difference of the frontoparietal control network (FPCN) in children with attention-deficit/hyperactivity disorder (ADHD) and typically developing children (TDC), with motion correction regression against Friston-24 parameters, plus global signal regression (GSReg), white matter (WM) and cerebral spinal fluid (CSF) signals. Scrubbing procedure was employed after regression. aPFC: anterior prefrontal cortex; L: left-side; R: right-side. 
[image: ]



Supplementary Figure 8. Between-group difference of the frontoparietal control network (FPCN) in children with attention-deficit/hyperactivity disorder (ADHD) and typically developing children (TDC), with motion correction regression against voxel-specific motion parameters, plus white matter (WM) and cerebral spinal fluid (CSF) signals. aPFC: anterior prefrontal cortex; L: left-side; R: right-side.
[image: ]

Supplementary Figure 9. Between-group difference of the frontoparietal control network (FPCN) in children with attention-deficit/hyperactivity disorder (ADHD) and typically developing children (TDC), with motion correction regression against Friston-24 parameters, and spiking regression within the model, plus white matter (WM) and cerebral spinal fluid (CSF) signals. aPFC: anterior prefrontal cortex; L: left-side; R: right-side.
[image: ]
Supplementary Figure 10. Between-group difference of the frontoparietal control network (FPCN) in children with attention-deficit/hyperactivity disorder (ADHD) and typically developing children (TDC), with motion correction regression against Friston-24 parameters, plus white matter (WM) and cerebral spinal fluid (CSF) signals. Scrubbing Procedure was employed after regression. aPFC: anterior prefrontal cortex; L: left-side; R: right-side.
[image: ]





Supplementary Figure 11. Correlation between average total frame-wise displacement and atypical seed-ROIs pairs functional connectivity. Frame-wise displacement was calculated based on the measure proposed by Jenkinson et al. 2002. Correlation was calculated by Spearman correlation (Rs). Functional connectivity was z-transformed (rz).  
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Denoising model: Regression against Friston 24 + WM + CSF
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Denoising model: Voxel specific motion
paramter + GSReg + WM + CSF

Seed: Left aPFC, TDC>ADHD
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Denoising model: Friston 24 parameters +
spiking regression + GSReg + WM + CSF

Seed: Left aPFC, TDC>ADHD
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Denoising model: Friston 24 parameters +
GSReg + WM + CSF, then scrubbing after
regression
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Denoising model: Voxel specific motion
paramter + WM + CSF
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Denoising model: Friston 24 parameters +
spiking regression + WM + CSF
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Denoising model: Friston 24 parameters +
WM + CSF, then scrubbing after regres-
sion
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