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[bookmark: _Toc159420295]MRI acquisition details 
Heart rate was collected concurrently with MRI, but only as single data points before each scan; respiration and other potential physiological noise factors were not collected. Pre-intervention MRI order always followed the same format: field mapping, resting-state functional, arterial spin labeling, and structural scans, lasting ~25 minutes. Post-intervention MRI order was identical to pre-intervention but did not include a structural scan unless pre-intervention movement artifacts were observed. The full sequence parameters of the 8-minute T1-weighted MPRAGE are as follows: (TR=2500ms, TE-1=1.81ms, TE-2=3.6ms, TE-3=5.39ms, TE-4=7.18ms, TI=1000ms, flip angle=8°, matrix size=30x320). After pre- and post-intervention functional scans, we acquired an arterial spin labeling scan with a multi-delay pCASL 3D Gradient and Spin Echo pulse sequence (TR = 4100ms, TE = 36.48ms, flip angle = 120°, matrix size = 96x64, voxel size 2.5x2.5x3mm, PLD = 2s, PLD repetitions = 5). Quality assurance of arterial spin labeling suggested poor acquisition quality and no further analyzed are included in this study. Additionally, during preprocessing of T2*-weighted EPI sequence (TR=800ms, TE=37ms, flip angle=52°, matrix size=104x104, 2mm isotropic, simultaneous multiband acceleration factor=8), SPM12 slice-timing correction procedure was not used [1], because MRI acquisitions included interleaved multiband slices and short repetition time, thus minimizing the temporal misalignment between different slices of each functional volume [2]. 
[bookmark: _Toc159420296]Quality assurance
[bookmark: OLE_LINK50]Quality control was conducted before preprocessing, denoising, and analyses [3,4]. First, raw anatomical and functional scans were examined for acquisition artifacts such as ghosting and spatial distortions. After preprocessing, CONN-based quality control plots and measures were used to verify the success of normalization, realignment, and registration (supplementary figure 1). After denoising, CONN-based quality control plots and measures were used to verify the success of denoising (supplementary figure 1 & 2). Functional connectivity distributions indicated reasonably centered distribution of voxel-to-voxel correlation values after denoising, with global correlation of all voxel pairs equal to 0.053±0.023 (average ± standard deviation across participants and sessions; supplementary figure 3). Additional quality control analyses computed the estimated strength of residual inter-participant correlations between functional connectivity strength at each edge within the same random graphs and measures of participant motion, global signal change, and scans remaining after scrubbing [5]. These plots indicate appropriate levels of denoising for mean and maximum motion, mean global signal change, and volumes remaining after scrubbing (valid scans). Distributions of connectivity correlations after denoising above 99% for maximum motion, above 95% for mean motion and global signal change (mean motion = 97.7%, mean global signal change = 96.7%), and above 90% for valid scans (supplementary figure 3). 
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[bookmark: _Toc159420297]Supplementary figure 1: 
Quality Assurance plots for structural normalization and registration (N=23). A) Average structural scan for all participants displayed with MNI152 gray matter overlay. B) Average functional scan for all participants displayed with structural gray matter overlay. 
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[bookmark: _Toc159420298]Supplementary figure 2: 
Quality assurance plot for distribution of functional connectivity. A) Before denoising, global functional connectivity correlations are positively skewed, reflecting common sources of variance due to sources of noise (e.g., motion). B) After denoising, global functional connectivity correlations are normally distributed and approximately centered at 0. 
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[bookmark: _Toc159420299]Supplementary figure 3: 
Quality assurance plot for residual inter-participant correlations. A, C, E, G) The strengths of residual inter-participant correlations between functional connectivity strength at each edge within the same random graphs and measures of participant motion, global signal change, and scans remaining after scrubbing, before denoising. B, D, F, H) After denoising, the strengths of residual inter-participant correlations are approximately centered at 0 and show close match with null distribution (> 99% maximum motion; > 95% mean motion, mean global signal change; > 90% valid scans). 
[bookmark: _Toc159420300]Data Exclusion
	Following recruitment, one participant was excluded for presence of acute claustrophobia that was not reported during recruitment screening. No data were collected for this participant. Additionally, two participants were excluded from final analysis due to persistent quality assurance issues affecting data quality or interpretation of results. Here, quality control variables were inspected for the presence of outliers potentially relevant to the analysis (supplementary figure 4). 
Two participants (S16 and S20; supplementary figure 4) were identified as potential outliers for number of valid scans less than the first quartile minus 1.5 interquartile range (first quartile minus 2.71 and 2.84 interquartile range, respectively), indicating that in-scanner motion caused an abnormally high number of volumes to be scrubbed from the resting-state scanning sessions. One of these participants (S16) was further identified as an outlier for mean global signal change less than the first quartile minus 1.5 interquartile range (first quartile minus 1.88 interquartile range). Qualitative inspection of these participants revealed additional concerns. For example, one of these participants (S20) reported an inability to stay awake during one of the resting-state scanning sessions, contributing to not meeting a minimum of 5 minutes total time in the scanning session after scrubbing of outlier volumes [6]. Because these participants’ data were compromised by both artifactual difference in scanning parameters and/or cognitive differences unrelated to the study, they were removed from all analyses. 
One participant (S11) was identified as a potential outlier for high maximum motion above the third quartile plus 1.5 interquartile range (third quartile plus 2.1 interquartile range). However, the distributions of connectivity correlations after denoising suggests that group-level maximum motion was adequate addressed by scrubbing outlier volumes (supplementary figure 2, H) and qualitative inspection revealed no additional concerns. Therefore, this participant was preserved in all analyses. 
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[bookmark: _Toc159420301]Supplementary figure 4: 
Quality assurance plot for potential outlier variables. A) Full sample of MRI data indicate the presences of 3 potential outliers (S11, S16, S20) with values more extreme than the first and thirds quartile plus/minus 1.5 inter-quartile range. B) Following qualitative inspection of potential outlier participants and the removal of 2 participants from final analysis (S16, S20), no other potential outlier was identified. Black lines indicate first and third quartile, red lines indicate first and thirds quartile plus/minus 1.5 inter-quartile range. 

[bookmark: _Toc159420302]Procedure details and qualitative analyses
Participants visited the lab twice, undergoing a single-blinded crossover comparison involving either a 20-minute aerobic walking exercise targeting 65-75% of their maximal heart rate or a 20-minute seated reading session. 
For the acute exercise condition, an experimenter adjusted the walking speed and treadmill incline to achieve a sustained heart rate of 65-75% of participants’ own maximal heart rate. Such an intervention was thus thought to achieve the minimal “dose” of acute exercise at moderate vigorous-intensity. Qualitatively, this was achieved through sharp increases to both speed and grade with subsequent declines in both exercise parameters to HR% (supplementary figure 5). For the seated reading condition, participants were asked to engage in age-appropriate non-fiction, with similar monitoring. Qualitatively, the reading material consisted of “By-Kids, For-Kids Science” scientific readings un-related to psychology, neuroscience, or exercise. Such an intervention was thus thought to be an ecologically valid control condition for typical school-aged activities. For both interventions, an experimenter recorded heart rate every minute and asked participants to rate their perceived exertion and feelings every 2 minutes (supplementary figure 6). 
Participants were informed that the study may involve exercise and were asked not to engage in any structured physical activity on the days of testing. Because all data collection occurred during the COVID-19 pandemic, MRI-safe surgical masks were worn by all experimenters and participants throughout the study. During the first visit, participants consented and underwent mock-scanning, where they became familiar with the MRI environment. During the second visit, participants completed questionnaires and performed a cognitive task that was used for purposes unrelated to this study. Common across both visits, participant moved onto pre-intervention fMRI, to an intervention, to post-intervention fMRI. Before each intervention, participants were then fitted with a heart rate monitor (Garmin HRM-DUAL) connected to a Bluetooth device (Garmin Forerunner 55) and began the experimental intervention, occurring 15 minutes after participants left the MRI scanner. At the post-intervention MRI, participants removed the HR monitor and re-entered the MRI scanner 10 minutes after intervention concluded. At the end of their participation, participants were thanked and received remuneration at a rate of $20/hour ($120). 
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[bookmark: _Toc159420303]Supplementary figure 5. 
Exercise parameters. The average speed was generally consistent across participants (mean=3.0mph, sd=0.43mph). The average incline was more varied both within and across participants (mean=7.9°, sd=3.4°). Colored lines represent the mean across participants, shading represents one standard deviation.
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[bookmark: _Toc159420304]Supplementary figure 6: 
Intervention effects. Heart rate percentage and ratings of perceived exertion were higher in the exercise condition than the control condition, but feeling scale ratings did not differ. However, greater variance was observed for ratings of perceived exertion and feelings in the exercise condition than the control condition, heart rate percentage was more varied in the control condition than the exercise condition. Colored lines represent the mean at each intervention timepoint; shading represents total range of scores at that timepoint.

[bookmark: _Toc159420305]Manipulation checks, heart rate percentage 
Paired-sample t-test of HR% indicated that the acute exercise condition was significantly more physiologically demanding than seated reading control (t(20)=25.7, p<0.001). Additionally, Levene’s test revealed that HR% varied more during the seated reading control condition than during acute exercise (F(1, 880)=6.6, p<0.05), indicating a higher degree of interindividual variability in HR% was achieved during seated reading than with a dose of acute exercise. Interindividual differences in HR% between conditions suggests more uniform physiological response to acute exercise than seated reading. This is indicative of HR% being used as metric for exercise intensity, constraining HR% in the exercise condition; whereas in the control condition, participant’s HR% was not manipulated.  Thus, the acute exercise condition successfully achieved 65-75 HR%, while HR% during the seated reading control condition remained constant resting heart rate. 

[bookmark: _Toc159420306]Covariate selection and sensitivity analysis
	Because multivariate pattern analysis is optimized to find variance in rsFC, we chose a stringent strategy of variance attribution guided by theoretical and quantitative approaches. First, a theory-derived  confound diagram was used to select covariates a priori to MVPA [7]. The goal of this diagram was to identify a plausible casual structure including all potentially relevant variables whereby the experimental manipulation induces a change in rsFC (supplementary figure 7). Exercise and developmental neuroimaging literatures were queried to identify a comprehensive list of potentially relevant variables. These variables generally clustered into participant characteristics (i.e., age, sex, socioeconomic status, aerobic fitness, IQ, and body mass index), quality control variables (i.e., mean in-scanner motion, mean global signal change, valid scans), and a manipulation variable (i.e., day-one intervention condition). Theoretical relationships were used to connect these variables in a plausible casual structure. A subset of these variables was then identified as key confounders that would a) parsimoniously block the effect of other confounds (i.e., confound blockers), and b) not likely to be proxies, colliders, or mediators of interest. This subset of variables (i.e., age, sex, socioeconomic status, aerobic fitness, intervention order, and in-scanner motion). 
Variance inflation factor (VIF) was then used to evaluate the adequacy of collinearity a priori by multiple regression of all covariates; because VIF was low for all covariates (supplementary table 1), we retained all covariates to serve as the main analysis in this study. These analyses therefore indicate how rsFC changed due to the experimental manipulation uninfluenced by characteristics that could differentially affect rsFC.
Post hoc bivariate analyses compared a priori covariates and rsFC change in both acute exercise and seated reading control conditions. Results showed that only relative VO2 max, socioeconomic statis, and mean motion significantly correlated with any rsFC change. Of these, only mean motion was consistent across functional network and remained significant after correction for multiple comparisons (supplementary table 2). From a qualitative perspective, this implies that only mean motion provided a plausible rsFC change confound in the main analysis. Therefore, all subsequent sensitivity analyses retained only mean motion as a covariate of no interest (supplementary figure 8). Of these three covariate sensitivity clusters only the left inferior frontal gyrus pars opercularis extending into middle frontal gyrus (cluster one) of the FPN survived Bonferroni correction for exploratory models (p<0.05). These sensitivity results support the multivariate pattern analysis in the main analysis, resulting in significant rsFC change differences in the left lPFC. 

[bookmark: _Toc159420307]Supplementary table 1: 
Variance inflation factors for all covariates regressed on all other covariates. 
	Age:
	
	
	
	

	Relative VO2
	SES
	Sex
	Condition order
	Mean motion

	1.55
	1.21
	1.23
	1.06
	1.6

	Relative VO2:
	
	
	
	

	Age
	SES
	Sex
	Condition order
	Mean motion

	1.32
	1.24
	1.08
	1.11
	1.55

	SES:
	
	
	
	

	Age
	Relative VO2
	Sex
	Condition order
	Mean motion

	1.3
	1.55
	1.23
	1.1
	1.52

	Sex:
	
	
	
	

	Age
	Relative VO2
	SES
	Condition order
	Mean motion

	1.33
	1.36
	1.24
	1.11
	1.79

	Condition order:
	
	
	
	

	Age
	Relative VO2
	SES
	Sex
	Mean motion

	1.27
	1.56
	1.24
	1.23
	1.78

	Mean motion:
	
	
	
	

	Age
	Relative VO2
	SES
	Sex
	Condition order

	1.19
	1.34
	1.05
	1.24
	1.1


Values of variance inflation factors (VIF) below 10 indicate adequate inclusion in multivariate analyses.

[bookmark: _Toc159420308]Supplementary table 2: 
Covariates significantly correlated with rsFC change in each condition. 
	Covariate
	rsFC change
	

r value
	p value

	
	
	
	
	

	SES
	Seated Reading Cluster 1-1a
	-0.48
	0.03
	

	Relative VO2
	Seated Reading Cluster 1-1b
	-0.44
	0.04
	

	Mean motion
	Seated Reading Cluster 1-1a
	0.70
	< 0.001*
	

	Mean motion
	Seated Reading Cluster 1-1b
	0.81
	< 0.001*
	

	Mean motion
	Acute Exercise Cluster 2-2a
	0.53
	0.01
	

	Mean motion
	Acute Exercise Cluster 3-3a
	0.72
	< 0.001*
	

	Mean motion
	Acute Exercise Cluster 3-3a
	-0.46
	0.03
	


Post hoc covariate analysis. * Indicates that the covariate remained significantly correlated with rsFC change after FDR-correction for multiple comparisons (p<0.05)

[image: Diagram

Description automatically generated]
[bookmark: _Toc159420309]Supplementary figure 7: 
Diagram of plausible casual structure for how the experimental manipulation induces a change in RS-FC. Red arrow signifies relationship of interest and blue arrows signify relationships between variables of no interest. Colored boxed signify variables by grouping (blue: participant characteristics; yellow: quality control variables; pink: manipulation variable) and black borders signify confounds controlled for in subsequent analyses. 
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[bookmark: _Toc159420310]Supplementary figure 8. 
Sensitivity multivariate pattern analysis controlling for only mean motion. While significant clusters (voxel p < 0.001; FDR-corrected cluster threshold p < 0.05; k ≥ 50) were more widespread in this post-hoc model than the main analysis, the pattern of rsFC change is consistent with the main analysis. We thus interpret our main results as a conservative representation with respect to this quantitatively parsimonious model with fewer covariates of no interest (compare to main text, figure 1). 







[bookmark: _Toc159420311]Supplementary table 3: 
Results of sensitivity analysis controlling for only mean motion (framewise displacement). 
	Cluster
	Peak Coordinate (MNI)
	Anatomical Region

	Network

	Cluster Size
	T Value

	Cluster 1
	
-44, +16, +32


	Left inferior frontal gyrus pars opercularis extending into middle frontal gyrus
	FPN


	272


	5.88*



	Cluster 2
	
-50, +16, +24


	

Left cerebellum


	-


	64


	5.19



	Cluster 3
	-16, +6, +70


	

Left middle frontal gyrus

  
	FPN


	53


	5.79




Covariate sensitivity analysis rsFC results * Indicates that the covariate remained significantly correlated with rsFC change after additional Bonferroni correction for multiple comparisons (p<0.05)

[bookmark: _Toc159420312]Multivariate factor selection and sensitivity analysis
To decide on the optimum number of factors for the GLM, we calculated the percentage of explained variance in the connectivity between each voxel and the rest of the brain that is explained by each N multivariate pattern analysis factor. The percent variance values represent the component of the covariance matrix. This choice is a trade-off, where too few components will explain an insufficient amount of the observed data, and where too many components will include variance in white matter voxel connectivity (which is considered a representation of noise in functional connectivity data). Ideally, factors explain about 80% of the variance in grey matter, where additional variance indicates potential inclusion of noise components in the data. Additionally, the choice in components is guided by A) preexisting research rsFC [8-13], standards in the literature (where a subject-to-factor ratio of 20:1 is most conservative and 5:1 is most liberal) and. How the first factor is interpretable as the pattern that most effectively describes the observed variations in rsFC across all participants and conditions. Sensitivity analyses additionally explored the effects of 2 (10:1 ratio) and 4 factors (5:1 ratio) on whole brain rsFC patterns (supplementary figure 8).  
[bookmark: _Toc159420313]Supplementary table 4 
	MVPA component
	Individual variance (%)
	Cumulative variance (%)

	1
	89.16
	89.16

	2
	3.96
	93.12

	3
	1.85
	94.97

	4
	1.12
	96.09



Individual and cumulative explained gray matter variance of MVPA factors. The first component successfully explained over 80% of the variance in grey matter and is interpretable as the principal pattern best characterizing the observed rsFC variance across participants and conditions [12]. After the first factor, less than 5% of explained variance is being accounted for by including additional components. After the fourth factor, less than 1% of explained variance is being accounted for by including additional components.
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[bookmark: _Toc159420314]Supplementary figure 8: 
Cumulative explained variance of voxel-to-voxel rsFC by each N multivariate pattern analysis factor (MVPA component). A) Visual depiction of variance explained by components. That is, the top left slice illustrates in which voxels would the first component explain above 80% of the variance in connectivity between a given voxel and the rest of the brain. For each image thereafter (left-to-right) the cumulative explained variance is depicted. Beyond the first component, little additional variance is being explained by additional components; further, white matter and cerebrospinal fluid voxels begin to be included (which represents noise). B) The graph below illustrates the variance explained by the first components.
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[bookmark: _Toc159420315]Supplementary figure 9. 
Sensitivity factor-wise multivariate pattern analysis. Note that because sequent factors are orthogonally constructed after the first, all voxel report “positive” change in whole-brain rsFC variance. While significant clusters for the 2 factors model (voxel p < 0.001; FDR-corrected cluster threshold p < 0.05; k ≥ 50) yielded a pattern most to the main analysis, both sensitivity analyses of factor-wise options (2 and 4 factors), displayed unthresholded voxels overlapping those in the main analysis. This indicated a consistent pattern. We thus interpret our main results as a conservative representation with respect to a factor choice in multivariate pattern analysis of rsFC (compare to main text figure 1).

[bookmark: _Toc159420316]Post hoc results details 
	The full patterns of unthresholded rsFC change from the main analyses provide a detailed report of the full pattern of rsFC change in the whole-brain associated with each intervention (supplementary figure 9) Unthresholded results are shown in coronal slices for difference of rsFC change between conditions, represented as Fischer Z-transformed regressor coefficients (compare to main text, figure 2 B, C). 
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[bookmark: _Toc159420317]Supplementary figure 10.
Unthresholded post hoc seed-to-voxel results. A) Cluster 1 post hoc seed to voxel analysis (post acute exercise > pre acute exercise). B) Cluster 1 post hoc seed to voxel analysis (post seated reading > pre seated reading). C) Cluster 2 post hoc seed to voxel analysis (post acute exercise > pre acute exercise). D) Cluster 2 post hoc seed to voxel analysis (post seated reading > pre seated reading).E) Cluster 3 post hoc seed to voxel analysis (post acute exercise > pre acute exercise). F) Cluster 3 post hoc seed to voxel analysis (post seated reading > pre seated reading). 
[bookmark: _Toc159420318]Post hoc analyses, correlation of rsFC to rating of perceived exertion and feeling scale 
We used Pearson-product moment correlations to assess the relationships between (post > pre) changes in rsFC across clusters and changes in FS and RPE under both intervention conditions. This resulted in 20 independent analyses (supplementary table 5). It was found that none of the observed relationships remained statistically significant after applying FDR correction with a threshold of q=0.05. This suggests that changes in FS and RPE were not meaningfully related to rsFC change.

[bookmark: _Toc159420319]Supplementary table 5: 
Results of Pearson correlation between changes in cognitive measures and rsFC change in each condition. 
	Cognitive measure
	rsFC change
	

r value
	p value

	
	
	
	
	

	RPE
	Seated Reading Cluster 1-1a
	-0.07
	0.75
	

	RPE
	Seated Reading Cluster 1-1b
	0.07
	0.75
	

	RPE
	Seated Reading Cluster 2-2a
	-0.22
	0.34
	

	RPE
	Seated Reading Cluster 3-3a
	-0.07
	0.76
	

	RPE
	Seated Reading Cluster 3-3b
	-0.16
	0.48
	

	RPE
	Acute Exercise Cluster 1-1a
	0.23
	0.32
	

	RPE
	Acute Exercise Cluster 1-1b
	0.35
	0.12
	

	RPE
	Acute Exercise Cluster 2-2a
	0.23
	0.32
	

	RPE
	Acute Exercise Cluster 3-3a
	-0.22
	0.34
	

	RPE
	Acute Exercise Cluster 3-3b
	0.3
	0.19
	

	FS
	Seated Reading Cluster 1-1a
	-0.1
	0.68
	

	FS
	Seated Reading Cluster 1-1b
	0.07
	0.77
	

	FS
	Seated Reading Cluster 2-2a
	-0.09
	0.71
	

	FS
	Seated Reading Cluster 3-3a
	-0.15
	0.52
	

	FS
	Seated Reading Cluster 3-3b
	0.16
	0.5
	

	FS
	Acute Exercise Cluster 1-1a
	0.09
	0.69
	

	FS
	Acute Exercise Cluster 1-1b
	-0.05
	0.83
	

	FS
	Acute Exercise Cluster 2-2a
	-0.49
	0.02
	

	FS
	Acute Exercise Cluster 3-3a
	0.26
	0.25
	

	FS
	Acute Exercise Cluster 3-3b
	-0.19
	0.4
	


Correlation between change in cognitive measures and rsFC change. * Note that no result survived FDR-correction for multiple comparisons (p<0.05)
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FC-QC association (r) = across-subjects correlation between FC and QC measures; FC = edge connectivity (r) in 1000-node network
QC_MeanMotion = CONN Quality Assurance: Average motion observed (disregarding outlier scans) (outliers threshold = 0.5)




image7.jpeg
Association between FC and QC_MaxMotion

~ — -expected shape of distribution under Null Hypothesis (if no QC-FC associations exist; random permutations)

Before denoising 7 S

.
mean=0.08 sd=0.21 (84.6% match, with NH) N
4.5% edges with p<.05, 0.0% edgés with q<.05 S

eSS

After denoising £

mean=0.00 sd=0.22 (99.0% match-with NH)
5.0% edges with p<.05, 0.0%.edges with 4<.05

! 1
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

FC-QC association level (r)

FC-QC association (r) = across-subjects correlation between FC and QC measures; FC = edge connectivity (r) in 1000-node network
‘QC_MaxMotion = CONN Quality Assurance: Largest motion observed (outliers threshold = 0.5)
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