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Table 1. Additional psychometric information for the included self-report measures

PROMIS Depression and PROMIS Anxiety[1]
Both measures were developed using item response theory to maximize information provided while minimizing measure length. Sample items include “I felt worthless” (depression) and “I felt fearful” (anxiety). Both measures have shown strong convergent validity with legacy measures[2,3].
Perceived Stress Scale (PSS)[4]
	A sample item is “how often have you been upset because of something that happened unexpectedly?” The measure is widely used and has shown desirable psychometric properties[5].
Social Connectedness Scale-Revised (SCS-R)[6]
A sample item is “I feel close to people.” The measure has been previously linked to well-being[7]. This measure has shown strong reliability and validity[8] and has previously shown responsiveness to connection-related practices[9].
Interpersonal Reactivity Index (IRI)[10]
The IRI has four subscales. Sample items from each subscale include “I try to look at everybody’s side of a disagreement before I make a decision” (perspective taking), “I am often quite touched by things I see happen” (empathic concern), “I really get involved with the feelings of characters in a novel” (fantasy), and “I tend to lose control during emergencies” (personal distress). Based on factor analyses suggesting a single overarching factor[11] and consistent with prior studies[12], we calculated a total score from all items.
Compassionate Love Scale (CLS)[13]
A sample item is “I spend a lot of time concerned about the well-being of humankind.” The CLS has shown discriminant validity relative to measures of empathy and predicts prosocial behavior when controlling for empathy[13].
Self-Reflection and Insight Scale (SRIS)[14]
The SRIS has two subscales. Sample items from each subscale include “I frequently examine my feelings” (self-reflection) “I usually know why I feel the way I do” (insight). Scores on the insight subscale have been found to partially mediate cross-sectional associations between mindfulness and well-being[15].
Perseverative Thinking Questionnaire (PTQ)[16]
A sample item is “my thoughts take up all my attention.” The measure has shown high internal consistency and test-retest reliability and is designed to detect transdiagnostic processes associated with clinical diagnoses of anxiety and depression[16]. Assessment of rumination was included as a measure of changes anticipated following Insight training because it includes practices that encourage thoughts, particularly negative thoughts about oneself, to be experienced as constructed mental events rather than actual depictions of reality, which can foster a more flexible and dynamic self-narrative and less rumination.
Drexel Defusion Scale (DDS)[17]
A sample item is “Imagine you bang your knee on a table leg. To what extent would you normally be able to defuse from physical pain?” In order to address concerns that measures of similar constructs are often misunderstood (e.g., mindfulness)[18], the DDS provides an extended definition of the term defusion. The DDS has high convergent validity with measures of acceptance and psychological distancing and incremental validity in predicting psychopathology and quality of life.
Five Facet Mindfulness Questionnaire (FFMQ)[19] 
SMARTPHONE-BASED MEDITATION
The FFMQ has five subscales. Sample items from each subscale include “When I’m walking, I deliberately notice the sensations of my body moving” (observe), “I’m good at finding words to describe my feelings” (describe), “When I do thinking, my mind wanders off and I’m easily distracted” (acting with awareness), “I perceive my feelings and emotions without having to react to them” (non-reactivity), and “I criticize myself for having irrational or inappropriate emotions” (non-judgment). The total score across all item has been frequently used as a global index of dispositional mindfulness[20,21].
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Table 2. Deviations from Open Science Framework pre-registration
Some deviations were made from the pre-registered analysis plan in order to streamline analyses, evaluate impact of missingness, account for skewed usage variables, control for multiple comparisons, assess potential adverse effects, and evaluate the impact of influential points on statistical significance. First, due to the amount of missing data, our primary analyses used mixed effects models (MLM)[22] with all three timepoints and maximum likelihood estimation instead of separate analysis of variance (ANOVA) models examining pre-test to mid-treatment and pre-test to post-test. Maximum likelihood can account for data that are missing at random (MAR)[23]. Based on the possibility that missingness was related to the unobserved value itself (i.e., missing not at random [MNAR]), we also conducted sensitivity analyses described below with varying assumptions about the missing data. Second, as our three measures of psychological distress were highly correlated at baseline (rs>.70), we created a composite psychological distress measure in order to simplify our analytic plan. Third, our recruited sample size was slightly larger than our pre-registered sample size of 300. Fourth, our measure of therapeutic alliance was not usable due to an error in its administration. Fifth, due to non-normally distributed usage variables, we operationalized usage as a median split of the least skewed/kurtotic variable (days of use). Sixth, we tested the statistical significance of the indirect effects in our mediation models using quasi-Bayesian confidence intervals which is generally preferred to the Baron and Kenny[24] method we initially proposed[25]. Seventh, we applied a Benjmani-Hochberg[26] p-value correction to control the false discovery rate (FDR) in each set of analyses. Eighth, we report results for changes in mindfulness. Ninth, we report the proportion of participants showing minimally importance differences in distress (i.e., d=0.30)[27] in order to characterize potential harm[28]. Tenth, we evaluated influential points specific for MLMs by assessing change in statistical significance with cases sequentially removed[29].


Table 3. Model formula for primary analyses



where Yij reflects the outcome (e.g., psychological distress) of a given participant (i) at a given time (j) (i.e., pre-, mid-, or post-test).  The fixed intercept (ß00) reflects the grand mean of the outcome at time = 0 (i.e., pre-test). The fixed effect for time (ß10) reflects the overall mean linear change in outcome across all participants. The fixed effect for group (ß20) reflects group differences across all timepoints. Group was coded as either Connection (1) versus Insight (0) or active (1) versus waitlist (0). The fixed effect for time X group (ß30) reflects the degree to which the linear effect for time varies depending on group status (i.e., whether the trajectory of change differs across groups). The parameters inside the brackets were random effects. Participants’ variability around the fixed intercept was modeled with a random intercept coefficient (U0j) indexing participant j’s deviation from the overall mean outcome at time = 0 (ß00). The final component, eij reflects the error of prediction or residual for participant i at time j. Models with random slope coefficients (i.e., allowing trajectories of change to vary not only between groups but between individuals) were not identifiable. This was likely due to the degree of missingness and the limited number of participants with all three observations.

The R syntax for running this model with data in long format (i.e., one row per participant per timepoint per outcome) is:
summary(lmer(value ~ time*group + (1|id), data = df.long[df.long$distress==1,]))
Table 4. Baseline correlations between measures

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1. Depression
	
	
	
	
	
	
	
	
	
	
	

	2. Anxiety
	 .72***
	
	
	
	
	
	
	
	
	
	

	3. Stress
	 .74***
	 .75***
	
	
	
	
	
	
	
	
	

	4. Distress
	 .90***
	 .91***
	 .91***
	
	
	
	
	
	
	
	

	5. Social Connect
	-.62***
	-.46***
	-.54***
	-.60***
	
	
	
	
	
	
	

	6. Empathy
	.08
	 .20***
	 .12* 
	 .15** 
	 .13* 
	
	
	
	
	
	

	7. Compassion
	-.01
	.08
	.04
	.04
	 .20***
	 .58***
	
	
	
	
	

	8. Self-Reflection
	.00
	 .12* 
	.06
	.07
	 .13* 
	 .32***
	 .38***
	
	
	
	

	9. Insight
	-.47***
	-.42***
	-.46***
	-.50***
	 .50***
	.03
	 .19***
	 .27***
	
	
	

	10. Rumination
	 .61***
	 .66***
	 .66***
	 .71***
	-.53***
	 .19***
	.01
	 .10' 
	-.51***
	
	

	11. Defusion
	-.46***
	-.47***
	-.53***
	-.53***
	 .46***
	-.06
	 .15** 
	.06
	 .42***
	-.56***
	

	12. Mindfulness
	-.55***
	-.55***
	-.61***
	-.63***
	 .57***
	-.06
	 .16** 
	 .13* 
	 .68***
	-.64***
	 .63***


Note: Depression=PROMIS Depression; Anxiety=PROMIS Anxiety; Stress=Perceived Stress Scale; Psych Distress=composite of PROMIS Depression, PROMIS Anxiety, and Perceived Stress Scale; Social Connect=Social Connectedness Scale; Empathy=Interpersonal Reactivity Index; Compassion=Compassionate Love Scale; Self-Reflection subscale and Insight subscale=subscales of the Self-Reflection and Insight Scale; Rumination=Perseverative Thinking Questionnaire; Defusion=Drexel Defusion Scale; Mindfulness=total score of Five Facet Mindfulness Questionnaire. n = 343. Values are Pearson’s r correlation coefficient.
*P<.050; **P<.010; ***P<.001
Table 5. Results of multilevel models assessing differential change over time with outliers removed

	
	CO versus IN
	Active versus WL

	Outcome
	dCO
	dIN
	ddiff
	P
	PFDR
	dactive
	dWL
	ddiff
	P
	PFDR
	Elev P
	Elev PFDR

	Psychological Distress
	-0.78
	-0.70
	-0.08
	.896
	.977
	-0.74
	-0.46
	-0.28
	<.001
	<.001
	.001
	.002

	Social Connection
	0.42
	0.36
	0.06
	.540
	.972
	0.39
	0.16
	0.23
	.003
	.007
	.012
	.018

	Empathy
	-0.14
	-0.02
	-0.12
	.374
	.972
	-0.08
	-0.13
	0.05
	.623
	.623
	.431
	.431

	Compassion
	0.11
	0.34
	-0.23
	.290
	.972
	0.22
	0.11
	0.11
	.146
	.164
	.191
	.215

	Self-Reflection subscale
	0.08
	0.18
	-0.10
	.663
	.977
	0.13
	0.04
	0.09
	.017
	.022
	.040
	.051

	Insight subscale
	0.46
	0.39
	0.07
	.977
	.977
	0.42
	0.29
	0.13
	.014
	.021
	.001
	.002

	Rumination
	-0.45
	-0.56
	0.11
	.321
	.972
	-0.5
	-0.32
	-0.18
	.010
	.018
	.007
	.013

	Defusion
	0.83
	0.66
	0.17
	.780
	.977
	0.75
	0.38
	0.37
	<.001
	<.001
	<.001
	<.001

	Mindfulness
	0.93
	0.70
	0.23
	.514
	.972
	0.80
	0.46
	0.34
	<.001
	<.001
	<.001
	<.001


Note: CO=Awareness + Connection; IN=Awareness + Insight; Active=combined Awareness + Connection and Awareness + Insight; WL=waitlist; Psych Distress=composite of PROMIS Depression, PROMIS Anxiety, and Perceived Stress Scale; Social Connection=Social Connectedness Scale; Empathy=Interpersonal Reactivity Index; Compassion=Compassionate Love Scale; Self-Reflection subscale and Insight subscale=subscales of the Self-Reflection and Insight Scale; Rumination=Perseverative Thinking Questionnaire; Defusion=Drexel Defusion Scale; Mindfulness=total score of Five Facet Mindfulness Questionnaire; d=Cohen’s d, calculated as pre-post for within-group effects and the difference between within-group effects (Connection minus Insight, active minus waitlist) for ddiff; for within-group; p=p-value from time X group interaction from multilevel models; FDR=False-Discovery Rate-adjusted p-values; Elev=active versus waitlist time X group interaction restricted to sample with elevated depression and/or anxiety at baseline (T ≥ 55). Outlier defined as three standard deviations above or below the mean.


Table 6. Wilcoxon rank sum test using the completer sample and a worst-case scenario assumption for missingness

	
	Completer sample
	Worst-case scenario

	Outcome
	Rankactive
	RankWL
	P
	PFDR
	Rankactive
	RankWL
	P
	PFDR

	Psychological Distress
	69.11
	93.61
	.001
	.003
	178.10
	159.90
	.080
	.158

	Social Connection
	85.65
	64.64
	.004
	.009
	166.91
	182.08
	.142
	.168

	Empathy
	80.36
	73.37
	.339
	.339
	164.48
	186.91
	.030
	.158

	Compassion
	82.33
	69.38
	.075
	.085
	165.61
	184.68
	.065
	.158

	Self-Reflection subscale
	84.09
	66.87
	.018
	.033
	165.88
	184.13
	.077
	.158

	Insight subscale
	83.58
	67.60
	.028
	.042
	166.10
	183.70
	.088
	.158

	Rumination
	70.30
	85.50
	.037
	.047
	177.55
	160.99
	.108
	.162

	Defusion
	88.42
	63.19
	.001
	.003
	167.00
	181.92
	.149
	.168

	Mindfulness
	91.28
	60.61
	<.001
	<.001
	167.85
	180.23
	.233
	.233


Note:  Rank=mean pre-post residual rank; Active=combined Awareness + Connection and Awareness + Insight; WL=waitlist; Psychological Distress=composite of PROMIS Depression, PROMIS Anxiety, and Perceived Stress Scale; Social Connection=Social Connectedness Scale; Empathy=Interpersonal Reactivity Index; Compassion=Compassionate Love Scale; Self-Reflection subscale and Insight subscale=subscales of the Self-Reflection and Insight Scale; Rumination=Perseverative Thinking Questionnaire; Defusion=Drexel Defusion Scale; Mindfulness=total score of Five Facet Mindfulness Questionnaire; P=P-value from two-sample Wilcoxon rank sum test (i.e., Mann-Whitney); FDR=False-Discovery Rate-adjusted P-values. Worst-case scenario replaced missing values with the maximum or minimum residual, depending on whether a larger or smaller residual indicates improvement. For outcomes in which lower scores are better (e.g., psychological distress), lower mean rank indicates larger reductions. For outcomes in which higher scores are better (e.g., social connectedness), high mean rank indicates larger increases.
Table 7. Wilcoxon rank sum test results for three missingness assumptions

	
	0.25 SD
	0.50 SD
	0.75 SD

	Outcome
	Rankactive
	RankWL
	P
	PFDR
	Rankactive
	RankWL
	P
	PFDR
	Rankactive
	RankWL
	P
	PFDR

	Psychological Distress
	163.06
	189.73
	.010
	.031
	164.98
	185.92
	.044
	.133
	167.32
	181.28
	.180
	.541

	Social Connection
	180.20
	155.74
	.018
	.040
	174.91
	166.23
	.401
	.600
	173.71
	168.61
	.622
	.912

	Empathy
	174.18
	167.68
	.530
	.530
	172.11
	171.78
	.975
	.975
	171.61
	172.77
	.912
	.912

	Compassion
	177.83
	160.44
	.093
	.139
	171.63
	172.74
	.915
	.975
	171.34
	173.31
	.849
	.912

	Self-Reflection subscale
	176.93
	162.22
	.155
	.179
	174.52
	167.00
	.467
	.600
	172.64
	170.74
	.855
	.912

	Insight subscale
	176.88
	162.32
	.159
	.179
	175.68
	164.7
	.288
	.600
	170.77
	174.44
	.722
	.912

	Rumination
	165.69
	184.50
	.068
	.123
	169.23
	177.49
	.424
	.600
	173.19
	169.63
	.731
	.912

	Defusion
	181.72
	152.73
	.005
	.023
	179.75
	156.63
	.026
	.116
	176.89
	162.31
	.160
	.541

	Mindfulness
	185.45
	145.34
	<.001
	.001
	181.57
	153.02
	.006
	.054
	179.94
	156.26
	.023
	.203


Note:  0.25 SD, 0.50 SD, 0.75 SD=missing values assumed to be 0.25, 0.50, or .075 standard deviation above or below the mean residual, depending on whether larger or smaller residuals indicates improvement; Rank=mean pre-post residual rank; Active=combined Awareness + Connection and Awareness + Insight; WL=waitlist; Psychological Distress=composite of PROMIS Depression, PROMIS Anxiety, and Perceived Stress Scale; Social Connection=Social Connectedness Scale; Empathy=Interpersonal Reactivity Index; Compassion=Compassionate Love Scale; Self-Reflection subscale and Insight subscale=subscales of the Self-Reflection and Insight Scale; Rumination=Perseverative Thinking Questionnaire; Defusion=Drexel Defusion Scale; Mindfulness=total score of Five Facet Mindfulness Questionnaire; P=P-value from two-sample Wilcoxon rank sum test (i.e., Mann-Whitney); FDR=False-Discovery Rate-adjusted P-values. For outcomes in which lower scores are better (e.g., psychological distress), lower mean rank indicates larger reductions. For outcomes in which higher scores are better (e.g., social connectedness), high mean rank indicates larger increases.
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Figure 1. Histograms displaying distribution of usage variables. days=days of use; practice=number of meditation practice sessions completed; activities=number of total activities completed (meditation practices sessions and didactic content); mins=minutes of meditation practice.
[image: ]

Figure 2. Survival curves for Awareness + Connection (CO) and Awareness + Insight (IN) participants. with 95% confidence intervals. Usage calculated from completion of pre-test survey to 9 weeks (63 days). Groups did not differ in engagement over time (hazard ratio=1.17, P=.242, with Insight as reference group). 
[image: ]

Figure 3. Baseline variables moderate longitudinal changes in psychological distress. Participants higher in baseline rumination and empathy and lower in baseline defusion showed relatively larger reductions in distress.
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