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Abstract
Objectives School-based mindfulness interventions in children have shown benefits to child well-being. Here, we investigated 
the effectiveness of a remote, app-based mindfulness intervention for promoting well-being in children.
Method We conducted a randomized controlled trial (RCT) with two control groups to examine the effects of an 8-week 
mindfulness intervention in U.S. children ages 8–10. We compared pre-post effects between a mindfulness intervention using 
the Inner Explorer app, and two audiobook control interventions. The 279 children who participated in the interventions 
were assessed on self-report measures of anxiety and depression symptoms, perceived stress and trait mindfulness and we 
also collected parental reports.
Results Over 80% of children completed the intervention in each condition. There was evidence for reduced self-perceived 
stress in children and reduced negative affect in children by parental reports using the mindfulness app, but no significant 
reduction for anxiety or depression symptoms. In general, between-group effect sizes were small (d < 0.45). Regular use, 
defined as at least 30 days of mindfulness practice within the study period, was associated with reduced child negative affect 
by parental reports, as well as reduced parental stress and child self-perceived stress.
Conclusions These findings suggest that home use of a mindfulness app in young children can have a positive impact on 
children’s emotional well-being if the app is used regularly, specifically for at least 30 days in the 8-week study period. 
Strategies aimed at promoting regular use of the mindfulness app at home could lead to even better outcomes for children.
Preregistration Preregistered on OSF at https:// osf. io/ 23vax
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Mindfulness is often defined as an accepting, open-minded 
attention to the present moment (Creswell, 2017). Mindful-
ness interventions in children typically consist of in-person 

trainings in mindfulness practices such as breath aware-
ness, body scans, and journaling (Kabat-Zinn, 2003). 
These practices are intended to help children be fully aware 
of their experiences and to adopt an open and accepting 
stance toward them. Although mindfulness practices vary, 
they share a focus on training attention, building emotion 
regulation skills to effectively manage stress, and gaining 
self-knowledge (Greenberg & Harris, 2012). Further, some 
practices aim to build empathy and compassion (Kabat-Zinn, 
2005). Mindfulness interventions in children have shown 
a host of benefits, including reduced psychopathology 
(Zoogman et al., 2015), reduced stress and negative feel-
ings (Bauer et al., 2019), increased prosociality (Flook et al., 
2015), improved attention (Bauer et al., 2020), and improved 
academic outcomes (Bakosh et al., 2016). A meta-analysis 
of randomized controlled trials (RCTs) in children and ado-
lescents found decreases in anxiety relative to active control 

 * Isaac N. Treves 
 treves@mit.edu

1 Department of Brain and Cognitive Sciences and McGovern 
Institute for Brain Research, Massachusetts Institute 
of Technology, 43 Vassar Street 46-4077, Cambridge, 
MA 02139, USA

2 Hock E. Tan and K. Lisa Yang Center for Autism Research 
at Massachusetts Institute of Technology, Cambridge, MA, 
USA

3 Department of Counseling Psychology, University 
of Wisconsin-Madison, Madison, WI, USA

4 Center for Healthy Minds, University of Wisconsin-Madison, 
Madison, WI, USA

http://orcid.org/0000-0001-7802-6145
https://osf.io/23vax
http://crossmark.crossref.org/dialog/?doi=10.1007/s12671-023-02231-3&domain=pdf


2729Mindfulness (2023) 14:2728–2744 

1 3

groups (Dunning et al., 2022). Due to these benefits, mind-
fulness has increasingly been used in schools to prevent and 
reduce stress and stress-related mental health and behavioral 
problems (e.g., mindfulness-based social emotional learning, 
MBSEL; Greenland, 2010).

Mindfulness may be beneficial for children because it 
teaches self-regulatory skills, which have been linked with 
both readiness to learn (Diamond & Lee, 2011; Mrnjaus & 
Krneta, 2014; Schonfeld et al., 2015) and decreased child-
hood stress (Lupien et al., 2009; Miller et al., 2011; Repetti 
et al., 2002). Two key types of self-regulatory skills are emo-
tion regulation, the ability to monitor, evaluate, and modify 
emotional reactions (Thompson, 1994) and attention regula-
tion, the ability to flexibly adjust attention (Posner, 2011). 
Emotion regulation in children is associated with better aca-
demic performance, higher social competence, fewer behav-
ior issues and more (Beauchaine et al., 2007; Graziano et al., 
2007; Spinrad et al., 2006). Attention regulation is related to 
lower instances of childhood ADHD, mood disorders, anxi-
ety (e.g., Emerson et al., 2005), greater interpersonal success 
(Rotenberg et al., 2008), and future self-regulatory abilities 
and outcomes (Friedman et al., 2007; Miller et al., 2011). 
Despite the positive long-term impacts of self-regulation, 
children are rarely explicitly taught how to pay attention 
and regulate their emotions (Semple et al., 2017). Criti-
cally, mindfulness trainings in children teach these regu-
latory skills “from the inside out” by focusing on mental 
experiences, such as thoughts, emotional states, the breath, 
and other bodily sensations (Semple et al., 2010). Mindful-
ness interventions also incorporate attentional training, e.g., 
repeated gentle redirection of attention to the breath (Lutz 
et al., 2008). In summary, mindfulness training may lead 
to the development of healthy self-regulation in children, 
resulting in improvements in academic outcomes (Bakosh 
et al., 2016), social outcomes (Flook et al., 2015), and men-
tal health outcomes (Dunning et al., 2022).

Mindfulness instruction for children has typically been 
delivered in schools and other settings with an adult instruc-
tor controlling the content, pace, and duration of instruc-
tion. Another potential approach is to use remote, app-based 
mindfulness programs with children, which could allow for 
more widespread mindfulness instruction that reaches many 
diverse children for a low cost. App-based interventions may 
be particularly useful for reaching children and adolescents 
who are increasingly involved with the digital world. The 
possibility of such a highly scalable and wide-reaching inter-
vention is especially salient given evidence for increasing 
risk for mental health difficulties in children in the USA 
(Centers for Disease Control and Prevention [CDC], 2022). 
A recent survey found that 95% of adolescents own smart-
phones (Anderson & Jiang, 2018) and they spend over 2.5 
hr per day on their phones (Rideout, 2015). Some children 
and adolescents already seek mental health support on their 

phones (Rideout & Fox, 2018). Indeed, a review of 71 digi-
tal health interventions in children and adolescents found 
good retention (Liverpool et al., 2020), and another review 
identified improvements in mental health outcomes (e.g., 
depression and anxiety) (Grist et al., 2019) (although many 
of these interventions are internet-based CBT).

Beyond feasibility, an important open question is whether 
app-based mindfulness interventions are effective for chil-
dren. Mindfulness apps usually deliver content in short (e.g., 
10-min) recordings, contrasting with in-person workshops 
where sessions may be longer. Despite this difference, app-
based interventions have been efficacious in adults. App-
based interventions have been shown to decrease distress 
(Goldberg et al., 2020; Hirshberg et al., 2022), improve trait 
mindfulness (Flett et al., 2019), and improve various facets 
of well-being including mood (Economides et al., 2018) and 
positive affect (Mahlo & Windsor, 2021). A meta-analysis 
of 66 smartphone intervention studies found significant 
decreases in stress and in anxiety and depression symptoms 
(Linardon et al., 2019).

To date, no quantitative studies have been conducted 
on the use of app-based mindfulness interventions in pre-
adolescent children (see Nunes et al., 2020; Puzia et al., 
2020; Tunney et al., 2017 for qualitative reports). However, 
several studies have been conducted with adolescents, with 
positive results. A pilot study of a 6-week mindfulness app 
intervention in a normative population of adolescents found 
that adolescents who used the app reported healthier weight-
related behaviors (Turner & Hingle, 2017). A larger study 
with 80 adolescents found that the app intervention reduced 
rumination, with effects persisting for up to 12 weeks after 
the intervention (Hilt & Swords, 2021). Finally, a 3-week 
randomized controlled trial (RCT) with 152 adolescents 
(with a control mood monitoring intervention) found that 
the mindfulness intervention resulted in greater reductions 
in rumination compared to the control condition (Hilt et al., 
2023). This research suggests that app-based mindfulness 
interventions are effective for adolescents, and raises the 
question as to whether and under what circumstances such 
interventions are effective for pre-teen children.

While all studies so far in children have tested the efficacy 
of mindfulness interventions using trained adult instructors, 
in practice, many schools choose to implement mindfulness 
instructions using app-based programs. One such program, 
Inner Explorer, consists of mindfulness practices recorded 
by a diversity of speakers, and was developed for multiple 
age ranges including 8–10 year olds. Inner Explorer has 
been implemented in over 3,000 schools with 2 million stu-
dents across 50 states (Inner Explorer, 2023). In one study, 
383  1st –  5th grade students were randomized by classroom to 
either Inner Explorer, consisting of 10 weeks of daily 10 min 
recordings, or waitlist control (Bakosh, 2013). Teachers 
endorsed high adherence (completing 95% sessions) and no 
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disruption to daily routines. Students showed improvements 
in math scores as well as grade point average when compared 
to the waitlist control. Further analysis of these data showed 
particular academic improvements in a subgroup of students 
with disabilities (Dunlap, 2022). A non-randomized study in 
191 third-graders also showed academic improvements, and, 
additionally, decreases in behavioral disruptions (Bakosh 
et al., 2016). However, two studies without control groups 
found no pre-post changes in academic, mental health, or 
behavioral outcomes (Goodman, 2019; Strickland, 2023). 
Thus far, there have been no randomized active-controlled 
trials of Inner Explorer, and it has only been implemented in 
school settings. In general, there is sufficient feasibility and 
acceptability evidence to support the use of Inner Explorer 
with children, and the hands-off audio recordings may be 
suitable for applications outside the classroom.

In the present study, we sought to rigorously test whether 
Inner Explorer delivered remotely is beneficial for chil-
dren, and thus shed light on the effectiveness of app-based 
mindfulness interventions for children generally. In addi-
tion, one of our motivations for remote administration was 
the COVID-19 pandemic and associated restrictions. From 
July 2020 to January 2022, we administered a remote mind-
fulness intervention using the Inner Explorer app (Inner 
Explorer, 2023) to children from ages 8–10 years. Children 
were recruited to participate in a remote at-home audio-
book program aimed at enhancing reading skills and then 
randomized to one of three conditions: (1) the audiobook 
program (Audiobook-only condition); (2) the audiobook 
program with additional personalized support (Audiobook-
scaffolded condition); or (3) the mindfulness program 
(Mindfulness condition) (Ozernov-Palchik et al., 2022). 
We followed recommendations for a rigorous RCT design 
(Davidson & Kaszniak, 2015) including an active control 
condition, intent-to-treat analyses, and preregistration of 
hypotheses. Our main hypothesis was that the children in 
the mindfulness intervention would experience greater 
decreases in stress and anxiety than children in the audio-
book interventions. We also assessed a range of other out-
comes including negative affect, which may be reduced in 
children with greater trait mindfulness (Treves et al., 2023) 
and has been reduced in school mindfulness programs for 
children (Vickery & Dorjee, 2016).

Of note, this study was designed to evaluate the effects 
of remote audiobook interventions, and mindfulness was 
included as an active control condition. Mindfulness may 
be a suitable control for an audiobook intervention, as both 
interventions involve listening to recordings over a period 
of multiple weeks, but the mindfulness intervention was 
not hypothesized to influence reading skills. We believe 
this comparison was equally apt for studying whether 
changes in mental health outcomes like stress and anxi-
ety were specific to the mindfulness intervention as the 

reading-related interventions were not hypothesized to 
enhance mental health outcomes. For context, the inter-
ventions took place during the height of the COVID-19 
pandemic in the US, when social and academic restrictions 
were in place.

Method

Participants

We analyzed the pre-intervention (baseline) and post-
intervention data from children and their parents in a 
remote audiobook intervention study, collected from July 
2020 through January 2022. Third and fourth-grade chil-
dren across the United States were recruited through Face-
book ads, flyers, school partnerships, and through word 
of mouth. We aimed to recruit children from lower socio-
economic status (SES) backgrounds and therefore reached 
out to school districts with high percentages of students 
eligible for free/reduced lunch and targeted Facebook ads 
to lower income zip codes across the country (for more on 
recruitment strategies see Ozernov-Palchik et al., 2022). 
As a number of schools we contacted had significant num-
bers of Spanish-speaking families, we provided parents 
with the opportunity to indicate whether Spanish was their 
preferred language for communication. The research team 
included bilingual staff, fluent in Spanish, who translated 
all written parent communication and assessments into 
Spanish, and were available to communicate in Span-
ish with parents who indicated that was their preferred 
language.

A total of 1020 participants were assessed for eligibility, 
and 314 were randomized into the three conditions of the 
study: Mindfulness (n = 101), Audiobook-only (n = 105), and 
Audiobook-scaffolded (n = 108) conditions (Fig. 1). Of the 
314 participants randomized, 279 completed pre-test and 
were given the interventions. We collected demographic 
information regarding child gender, age, grade, mental 
health diagnosis, parent education level and annual house-
hold income. Parents reported their child’s gender, and we 
did not inquire about sex assigned at birth. Therefore, we 
utilized gender to obtain scores for the self-report measures 
that were normed by sex.

The 279 children (157 male) with demographic informa-
tion were on average 9 years, 5 months old (SD = 6 months, 
range 8 years, 0 months to 10 years, 5 months). The majority 
of children came from the states of Georgia, Massachusetts, 
California, and Texas. The median income of our obtained 
sample was US$80,000–120,000. Median income in the 
United States in 2021 was US$70,784 (census.gov). Demo-
graphics by group are shown in Table 1.
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Procedure

The entirety of the study was conducted remotely. Potentially 
interested parents filled out an eligibility screener and were 
invited to participate in a pretest session (pre-intervention) 

if initial inclusionary criteria were met (child speaks Eng-
lish proficiently, has normal or corrected-normal hearing, 
has access to a computer or tablet at home, and has a par-
ent that speaks English or Spanish). Further inclusionary 
criteria required that the child achieve a standard score of 

Fig. 1  CONSORT diagram
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80 or above on the Kaufman Brief Intelligence Test (KBIT) 
Matrices subtest, a standardized nonverbal IQ assessment 
(Kaufman, 2004).

Eligible participants whose parents opted-in to the study 
were block randomized into one of three experimental con-
ditions, each lasting 8 weeks. We assigned groups based 
on a list of block-randomized integers 1–3, sampled from a 
normal distribution.

We obtained informed consent from the parents of all 
participants as well as assent from the children over Zoom 
before they participated in the study.

Interventions

The mindfulness intervention consisted of an 8-week 
Mindfulness-Based Stress Reduction (MBSR)-inspired 
curriculum, delivered remotely through the Inner Explorer 
smartphone app (Inner Explorer, 2023). Inner Explorer cus-
tomized their 90-day program to 40 days for the purposes 
of best comparison to the 8-week audiobook interventions 
(as well as MBSR and the majority of mindfulness inter-
ventions). Parents of children assigned to this condition 
were instructed to encourage their children to engage in the 

Table 1  Demographics of the 
total sample

Aud. + S. Audiobook + Scaffolding Condition; Aud. Audiobook Only Condition; Mind. Mindfulness condi-
tion; SD Standard deviation; K 1000; HS High school; GED General Educational Development
* Attention-Deficit/Hyperactivity Disorder (ADHD) &/or Anxiety

Variable Overall (n = 279) Aud. + S. (n = 99) Aud. (n = 90) Mind. (n = 90) p
% / mean (SD) % / mean (SD) % / mean (SD) % / mean (SD)

Child race/ethnicity
  White 47.67 43.43 45.56 54.44 0.33
  Black 2.15 0 5.56 1.11
  Latinx 10.75 13.13 11.11 7.78
  Asian 8.60 9.09 8.89 7.78
  Multiracial 22.58 23.23 22.22 22.22
  Not reported 8.24 11.11 6.67 6.67

Child gender
  Female 43.73 45.45 40.00 45.56 0.80
  Male 56.27 54.55 60.00 54.44

Family income
  Less than $20 K 2.15 1.01 1.11 4.44 0.12
  $20-40 K 5.38 9.09 5.56 1.11
  $40-60 K 7.17 7.07 8.89 5.56
  $60-80 K 10.75 10.10 15.56 6.67
  $80-120 K 20.43 22.22 20.00 18.89
  $120-160 K 13.62 12.12 12.22 16.67
  More than $160 K 31.54 26.26 30.00 38.89
  Not reported 8.96 12.12 6.67 7.78

Maternal education 0.88
   7th grade or less 0.36 0 1.11 0
   8th/9th grade 0.36 1.01 0 0
   10th/11th grade 1.43 1.01 2.22 1.11
  H.S.graduate/G.E.D 10.04 13.13 10.00 6.67
  Associate degree 8.96 8.08 12.22 6.67
  Bachelor degree 24.37 22.22 22.22 28.89
  Master/Doctorate degree 47.31 45.45 46.67 50.00
  Not reported 7.17 9.09 5.56 6.67

Child age 9.38 (0.54) 9.33 (0.58) 9.37 (0.48) 9.44 (0.55) 0.58
  Not reported 0.72 1.01 0 1.11

Child diagnosis* % (n) 24.73 (69) 21.21 (21) 18.89 (17) 34.44 (31) 0.038
  Anxiety only 4.66 (13) 2.02 (2) 3.33 (3) 8.89 (8)
  ADHD only 16.49 (46) 16.16 (16) 11.11 (10) 22.22 (20)
  Anxiety & ADHD 3.58 (10) 3.03 (3) 4.44 (4) 3.33 (3)
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practices as laid out in the Inner Explorer app. The program 
entailed approximately 10 min of practice per day, five times 
a week, over the course of the 8-week-long intervention 
phase. Types of practices include focused attention to breath, 
body scans, and gratitude and loving-kindness practices 
(also called ‘heart-centered’ practices by Inner Explorer). 
Support from research staff within the Mindfulness condi-
tion was minimal and was limited to video materials about 
the study, the app, and mindfulness in general, technical 
help if there were problems downloading or using the app, 
and weekly one-page digests briefly summarizing the past 
week’s practices and recommending an optional mindful-
ness exercise for the weekend. Parents were instructed to 
have their children follow the 40 practices in order and were 
advised to ‘catch up’ on the week’s practices over the week-
end if needed. All participants were given continued access 
to the app at the end of the study.

There were two reading interventions, Audiobook-only 
and Audiobook-scaffolded. Children in the Audiobook-only 
intervention received unlimited access to audiobooks via the 
Learning Ally web-based platform (Learning Ally, 2023), 
curated based on their listening comprehension level. Chil-
dren in the Audiobook-scaffolded intervention also received 
audiobooks and recommendations, as well as one-on-one 
30-min online sessions with a learning facilitator twice per 
week, focused on improving their listening comprehension 
strategies and supporting their intervention adherence.

For the mindfulness intervention, we recorded number 
of days practiced from the Inner Explorer app. Participants 
were assigned one ten-minute practice per weekday for 8 
weeks, so perfect adherence would be 40 days practiced. 
We also collected parental reports of number of practices 
completed with a categorical, ordinal question. For the read-
ing intervention, we collected listening minutes from the 
Learning Ally app.

Measures

We obtained child self-reports via questionnaires adminis-
tered over Zoom, a secure video chat platform, during testing 
sessions that involved a battery of language and cognitive 
assessments (Ozernov-Palchik et al., 2022). Experimenters 
read the assessment questions to the children who followed 
along on their computer screen and answered aloud. Testing 
sessions typically ranged between 1–2 hr, and there were 
2–3 pretest sessions, as well as 1–3 post-test sessions, over 
the course of the study. Participants found out their group 
assignment before pre-testing. Testers were blind to group 
assignment during pretest and during post-test up until the 
final questionnaire (which was only administered to chil-
dren in the reading interventions). When possible, the same 
tester was assigned to a child for multiple sessions. We also 
obtained parent-reports of child behavior through online 

questionnaires administered remotely through Research 
Electronic Data Capture (REDCap). REDCap is a secure, 
web-based application designed to support data capture for 
research studies (Harris et al., 2009). Parents were com-
pensated $5.00 for every questionnaire completed (10 total 
questionnaires possible over the course of the study). Chil-
dren were compensated $20.00 per hour of testing. Ques-
tionnaires were available in Spanish and English for parents 
and in English for children.

Child Measures

Perceived Stress To measure stress, we administered the 
Perceived Stress Scale for Children (PSS-C) (White, 2014). 
This self-report measure consists of 13 items on a 4-point 
Likert scale ranging from never to a lot. The questions assess 
perceived stress related to time pressure, academic perfor-
mance, and relationships with family and friends. A higher 
score indicates a greater level of perceived stress. For this 
study the Cronbach’s alpha was 0.60, and the McDonald’s 
omega was 0.52. Perceived stress was one of the two pri-
mary outcomes in our preregistration.

Depression & Anxiety To measure child-reported anxiety 
and depressive symptoms we used the 25-item Revised Child 
Anxiety and Depression Scale (RCADS-25-C; Ebesutani 
et al., 2012), which contains the following scales: Anxiety 
Total scale, Depression Total scale, Total scale. We omitted 
the Total scale from analysis per our preregistration. Items 
are based on Diagnostic and Statistical Manual of Mental 
Disorders–Fourth edition (DSM-IV) criteria (American 
Psychiatric Association [APA], 1994). Items in the Anxiety 
Total scale measure a “broad anxiety” dimension, assess-
ing a variety of anxiety symptoms. Items in the Depression 
Total scale measure symptoms of major depressive disorder. 
Higher scores represent a greater degree of symptoms. All 
items are rated on a 4-point Likert scale ranging from never 
to always. Raw summative scores from each of the scales 
are converted into T-scores normed by age and sex, with 
the following ranges: low severity (0–64), medium sever-
ity (65–70), and high severity (> 70). T-scores of medium 
severity are considered to be “borderline clinical thresh-
old” whereas T-scores of high severity are considered to be 
“above clinical threshold” (Chorpita et al., 2000). For this 
study the Cronbach’s alpha values were 0.78 and 0.69 for the 
Anxiety Total and Depression Total scales respectively, and 
the McDonald’s omega values were 0.81 and 0.72, respec-
tively. The Anxiety Total scale was one of the two primary 
outcomes in our preregistration.

Negative Affect To measure children’s affect we adminis-
tered a brief 13-item questionnaire (Panorama Education, 
2015). Children rated the degree to which they felt each of 
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thirteen emotions in the past week, using a 5-point Likert 
scale ranging from almost never to almost always. We cal-
culated a Negative Affect score from the seven items ask-
ing about negative affect: mad, bored, lonely, sad, nervous, 
worried, and afraid. This Negative Affect factor was sup-
ported by confirmatory factor analyses (see Supplement). 
The composite score ranges from 7 to 35, with higher scores 
representing more negative affect. The Cronbach’s alpha for 
this scale was 0.71, the McDonald’s omega was 0.78.

Mindfulness To assess child trait mindfulness we admin-
istered the Child and Adolescent Mindfulness Measure 
(CAMM; Greco et al., 2011). This self-report scale consists 
of 10 items querying the frequency of non-mindful thoughts 
or behaviors on a 5-point Likert scale from never true to 
always true. All items are negatively worded and reverse-
scored. Higher scores represent greater levels of mindful-
ness. Specifically, the authors describe the scale as measur-
ing both awareness of the present and the degree to which 
one has a nonjudgmental attitude towards one’s thoughts and 
feelings, which includes not suppressing or avoiding them. 
In this study the Cronbach’s alpha was 0.74, the McDonald’s 
omega was 0.78.

Parent Measures

Negative Affect To measure child affect we asked parents to 
rate the degree to which their child felt worried, frustrated, 
stressed, sad, mad, calm, and happy, using a 4-point Likert 
scale, ranging from not at all to very. We reverse-scored 
calm and happy and calculated a composite Negative Affect 
score ranging from 0 to 21, with higher scores signifying 
more negative affect and less positive affect. The Cronbach’s 
alpha for this scale was 0.82, and the McDonald’s omega 
was 0.88.

Prosociality To assess child prosociality we asked parents 
to rate how often their child is helpful when asked, how 
often their child is helpful without being asked, and how 
often their child has done something kind. Parents answered 
each question on a 4-point Likert scale ranging from not at 
all to very. Scores ranged from 0 to 9, with higher scores 
indicating more prosociality. We calculated a prosocial-
ity composite by summing the raw scores from the three 
items. The Cronbach’s alpha for this scale was 0.80, and the 
McDonald’s omega was 0.81.

Perceived Stress In order to measure parents’ own perceived 
stress parents completed the ten-item adult self-report Per-
ceived Stress Scale (PSS) (Cohen, 1988; Cohen et al., 1983) 
which assesses their overall perceived stress over the past 
month. Items are rated on a 5-point Likert scale from never 
to very often, with four items that are reverse-scored. Higher 

scores indicate greater levels of perceived stress. In this 
study internal reliability was demonstrated with an Cron-
bach’s alpha of 0.87, and the McDonald’s omega was 0.91.

Depression & Anxiety In addition to the child’s self-report 
of their anxiety and depressive symptoms, we also obtained 
a parent report of their child’s anxiety and depressive symp-
toms, assessed with the 25-item Revised Child and Anxiety 
Depression Scale, Parent Form (RCADS-25-P) (Chorpita 
et al., 2000; Ebesutani et al., 2017). This scale consists of 
the same scales and items that comprise the RCADS-25-C: 
Anxiety Total and Depression Total scales (see above). The 
only difference is that the items are worded to ask the parent 
about their child’s behavior. As is the case with the child 
scale, items are based on DSM-IV (APA, 1994). Higher 
scores represent a greater degree of symptoms. All of the 
items are rated on a 4-point Likert scale ranging from never 
to always. Raw summative scores from each of the scales are 
converted into T-scores normed by child age and sex, with 
the following ranges: low severity (0–64), medium sever-
ity (65–70), and high severity (> 70). T-scores of medium 
severity are considered to be “borderline clinical thresh-
old” whereas T-scores of high severity are considered to 
be “above clinical threshold” (Chorpita et al., 2000). For 
this study the Cronbach’s alphas were 0.75 and 0.77 for the 
Anxiety Total and Depression Total scales respectively, and 
the McDonald’s omegas were 0.80 and 0.81, respectively.

Executive Functioning We administered an 86-item par-
ent-report of the child’s executive functioning, the Behav-
ior Rating Inventory of Executive Function-Parent Form 
(BRIEF) (Gioia et al., 2000). Although the BRIEF has 
several subscales and composite indices, we chose to use 
the Global Executive Composite (GEC) as a summary 
measure of executive function, as well as the Behavioral 
Regulation Index (BRI). Higher scores on the GEC indi-
cate a greater degree of difficulty with executive func-
tioning (e.g., needs help from an adult to stay on task). 
Higher scores on the BRI indicate a greater degree of dif-
ficulty with behavioral regulation (e.g., overreacts to small 
problems). Raw scores are summed and transformed into 
T-scores normed by age and sex. T-scores ≥ 65 are con-
sidered clinically significant (Gioia et al., 2000). In this 
study the Cronbach’s alpha was 0.97 for the GEC, and 0.94 
for the BRI, and the McDonald’s omegas were 0.98 and 
0.96, respectively.

Data Analyses

Data were analyzed using intention-to-treat principles (i.e., 
participants were not excluded based on engagement) (Polit 
& Gillespie, 2010). We assessed differences in demograph-
ics and outcomes by group at baseline using ANOVAs, and 
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in the case of significant differences, we used Tukey tests 
for isolating the group differences driving the effect. We 
assessed differences in completion by group using logistic 
regression. We assessed whether demographics or base-
line outcome measures predicted completion using logistic 
regression. Last, we assessed correlations between outcome 
variables at baseline (Supplementary Table S1).

We used ANOVAs to test for group by time effects, 
comparing Mindfulness vs Audiobook-only groups, and 
Mindfulness vs Audiobook-scaffolded groups. To cor-
rect for multiple comparisons, we used false discover 
rate (FDR) correction in the core R package stats. For the 
significant effects from the ANOVAs, we conducted one-
tailed Welch’s t-tests on change scores to evaluate direc-
tional hypotheses from the preregistration. We used one-
tailed t-tests as we hypothesized larger decreases in the 
mindfulness groups than the audiobook groups (e.g. larger 
decreases in stress). Additionally, we used ANCOVA to 
evaluate group effects on changes in outcomes over time 
(i.e., post-test scores predicted by group covarying pre-
test scores) (Supplementary Table S3). We used multi-
ple imputation to handle missing data which is robust to 
data that are missing at random (Graham, 2009). Mul-
tiple imputation was implemented using the mice (Van 
Buuren & Groothuis-Oudshoorn, 2011), jomo (Quartagno 
et al., 2020), and mitools (Lumley, 2019) packages in R. 
We conducted sensitivity analyses, assessing the pre-post 
effects using ANCOVA while also covarying demographic 
variables (Supplementary Table S4). We also explored 
whether demographic variables moderated the effect of 
group assignment for our main measures of anxiety and 
child perceived stress (Supplementary Table  S5, S6). 
Lastly, to examine dosage effects in the mindfulness group, 
we correlated the changes in measures with number of 
days practiced, and then conducted a median split by days 
practiced (a median was used because of deviations from 
normality in the distribution of days practiced; Supple-
mentary Fig. S1). Dosage effects in the audiobook groups 
were assessed using minutes listened by each participant.

Note that there were deviations from our preregistered 
analysis plan. Firstly, we intended to test hypotheses about 
a foraging task, but were unable to do so due to program-
ming issues. Secondly, we did not investigate mediation 
by hours practiced because that data was unavailable, and 
instead conducted correlations between the number of days 
practiced and pre-post changes in the measures. We assessed 
these dosage effects for all measures. The following analyses 
were not preregistered: one-tailed t-tests on change scores 
to examine the significant group X time effects from the 
ANOVAs, ANCOVAs controlling for baseline scores, sen-
sitivity tests (covarying demographics in ANCOVAs for all 
outcomes), and moderation tests (assessing the interaction 
of demographics with group assignment for main outcomes).

Results

As assessed by Inner Explorer, the Mindfulness group prac-
ticed on average 25.30 (SD = 12.19) of the targeted 40 days 
(Supplementary Fig. S1). The most frequently selected 
option by parents for number of practices was 40 (Supple-
mentary Fig. S2). Inner Explorer days practiced and parent-
report number of practices were positively related (Supple-
mentary Fig. S3). The Audiobook-only group listened to 
audiobooks on average for 839.16 min (SD = 1231.91 min), 
and the Audiobook-scaffolded group listened to audiobooks 
on average for 1022.26 min (SD = 1000.89 min).

Attrition

Overall 84.6% (236/279) of children completed the interven-
tion. Specifically, 85.6% of Mindfulness participants (77/90), 
85.6% of Audiobook-only participants (77/90), and 82.8% of 
Audiobook-scaffolded participants (82/99) who completed 
pre-test also completed at least some post-test. There was 
no significant difference in completion of pre-test between 
the mindfulness and audiobook groups (p = 0.92, OR = 0.96, 
95% CI [0.44 2.00]). There was no significant difference in 
completion of the intervention between groups (p = 0.76, 
OR = 0.89, 95% CI [0.43 1.78]). The only demographic varia-
ble associated with completion rates was maternal education; 
higher maternal education correlated with higher completion 
rates across all groups (p = 0.013, OR = 2.61, 95% CI [1.12 
6.58]). Further, completion was not associated with outcome 
variables at baseline (all p-values were greater than 0.15).

Power Analyses

We conducted post-hoc power analyses using the pwr.t2n.
test and pwr.anova.test functions in the pwr package in 
R (Champley, 2020). For comparisons of change scores 
between the mindfulness and audiobook conditions, we were 
powered at 80% to detect Cohen’s d-values of at least 0.42 at 
a significance level of p = 0.05. We also conducted a power 
analysis of the ANOVA between the three conditions, which 
revealed that we were powered at 80% to detect f-values of 
0.19 at a significance level of p = 0.05.

Outcome Analyses

Correlations between outcome measures at baseline can be 
found in Supplementary Table S1. The three groups did not 
differ significantly on demographic or outcome measures 
at baseline (p ≥ 0.05; Tables 1 and 2), with one exception. 
Specifically, the Mindfulness group had a higher proportion 
of child mental health diagnoses than the Audiobook-only 
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group (Tukey test, p = 0.046). We controlled for possible 
effects of this difference in a sensitivity analysis using 
ANCOVA (Supplementary Table S4).

Effect sizes were generally small (Cohen’s d < 0.45, 
Table 3). When controlling for multiple comparisons, there 
was one significant group X time interaction using pairwise 
ANOVAs (Fig. 2, Table 3). Parent-reported child negative 
affect decreased significantly more in the Mindfulness group 
than the Audiobook-only group (F(1,146) = 8.60, FDR-cor-
rected p = 0.048). Child-perceived stress also decreased more 
in the Mindfulness group than the Audiobook-only group, 
although this trend was not significant (F(1,146) = 3.20, 
uncorrected p = 0.075). No significant group X time inter-
actions were observed for the comparison of Mindfulness vs 
Audiobook-scaffolded groups.

We examined these effects from the ANOVAs, cal-
culating one-tailed t-tests between change scores for 
child-perceived stress and parent-reported negative affect 
because those measures yielded significant or trending 
towards significant differences. We found that reductions 
in child-perceived stress in the Mindfulness group were 
significantly greater than in the Audiobook-only group 
(t(148.74) = 1.79, p = 0.038). We also found that reduc-
tions in parent-reported negative affect in the Mindfulness 
group were significantly greater than in the Audiobook-
only group (t(130.05) = 2.89, p = 0.0022).

Time effects across all interventions were observed for 
reduced child-reported negative affect, and also parent 
reports of improved global executive composite (GEC), 
improved behavioral regulation index (BRI), reduced child 

Table 2  Descriptive statistics for outcomes

Aud. + S. Audiobook + Scaffolding Condition; Aud. Audiobook Only Condition; Mind. Mindfulness Condition; SD Standard deviation; CR 
Child report; PR Parent report; Negative Affect CR: Child Negative Affect; Mindfulness: Child and Adolescent Mindfulness Measure (CAMM); 
Stress Children: Perceived Stress Scale for Children; Anxiety CR: RCADS – Anxiety Scale; Depression CR: RCADS – Depression Scale; GEC: 
BRIEF Global Executive Composite; BRI: BRIEF Behavioral Regulation Index; Anxiety PR: RCADS – Anxiety Scale; Depression PR: RCADS 
–Depression Scale; Stress Parent: Perceived Stress Scale; Prosociality: Parent Report Prosociality, Negative Affect PR: Parent Report of Child 
Negative Affect. p-values are derived from ANOVA baseline score comparisons

Outcome Mind. Pre-test Aud. Pre-test Aud. + S. Pre-test p
n Mean (SD) n Mean (SD) n Mean (SD)

Negative Affect CR 86 14.66(5.23) 88 14.60(5.05) 98 14.63(5.00) 0.99
Mindfulness 90 26.07(6.74) 90 27.58 (6.11) 99 27.96(6.54) 0.11
Stress Children 90 11.99(5.70) 90 10.56(4.33) 99 11.08(5.06) 0.16
Anxiety CR 90 41.90(7.03) 90 41.53(8.07) 99 41.53(7.47) 0.93
Depression CR 90 44.85(7.80) 90 43.89(8.01) 99 43.29(8.50) 0.42
GEC 86 58.01(10.85) 85 55.82(10.98) 94 57.09(12.08) 0.45
BRI 86 55.26(11.19) 85 53.34(11.59) 94 54.22(12.49) 0.57
Anxiety PR 87 47.90 (9.09) 84 45.24(9.82) 92 46.69(10.02) 0.20
Depression PR 87 50.78(10.63) 84 50.02(10.75) 92 50.52(11.86) 0.90
Stress Parent 87 16.02(6.64) 84 15.31(6.80) 92 14.35(7.20) 0.27
Prosociality 87 5.67(2.13) 84 6.06(2.01) 92 5.85(2.26) 0.49
Negative Affect PR 87 7.31(4.08) 84 6.36(3.44) 92 6.25(4.08) 0.14

Mind. Post-test Aud. Post-test Aud. + S. Post-test
n Mean (SD) n Mean (SD) n Mean (SD)

Negative Affect CR 77 13.56(5.32) 77 13.47(4.95) 86 13.98(5.00)
Mindfulness 78 27.24(5.56) 77 27.91(7.34) 80 28.42(6.82)
Stress Children 77 10.39(5.40) 77 10.38(5.28) 82 10.68(5.67)
Anxiety CR 77 40.75(7.09) 77 40.99(9.11) 82 40.86(8.42)
Depression CR 77 43.51(9.08) 77 43.12(9.24) 82 42.22(9.50)
GEC 79 56.53(11.39) 77 55.55(12.10) 85 56.04(11.37)
BRI 79 53.61(11.05) 77 52.13(11.86) 85 52.98(12.07)
Anxiety PR 79 46.28(8.84) 74 44.44(9.61) 82 46.60(9.88)
Depression PR 79 49.08(8.79) 74 48.91(10.39) 82 49.38(10.76)
Stress Parent 79 14.70(6.43) 74 15.01(7.85) 82 13.24(6.99)
Prosociality 79 5.80 (2.03) 74 6.28(1.98) 82 6.00(1.87)
Negative Affect PR 79 5.75(3.72) 74 6.51(3.83) 82 5.43(3.86)
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depression symptoms, reduced parent stress, and reduced 
child negative affect (Supplementary Table S2).

When controlling for multiple comparisons, there were 
no differences between groups on pre-post changes in main 
outcomes or exploratory outcomes using ANCOVA models 
(Table S3, p-values > 0.10). However, there was a trend dif-
ference between Mindfulness and Audiobook-only groups 
(FDR-corrected p = 0.072) in parent-reported child nega-
tive affect when covarying demographic variables, that is, 
children in the mindfulness group had greater decreases 
in parent-reported child negative affect (Supplementary 
Table S4). We further tested for possible baseline modera-
tion by demographic variables and results were not signifi-
cant (Supplementary Tables S5, S6).

We explored dosage effects using days practiced recorded 
by Inner Explorer in the Mindfulness group. We conducted 
a median split on days practiced where a Low-Practice 
group was defined as at or below the median (29 days), and 
a High-Practice group was defined as above the median. 
The High-Practice group had significantly larger decreases 
in parent-reported child negative affect than the Low-Prac-
tice group (t(63) = 2.07, p = 0.021), and significantly larger 
decreases in parental stress (t(63) = 4.16, p < 0.001). The 
High-Practice group had significantly larger decreases in 
parent-reported negative affect than both the Audiobook-
scaffolded (t(115) = 2.18, p = 0.016), and Audiobook-only 

(t(104) = 2.98, p = 0.0018) groups (Fig. 3). The High-Prac-
tice group had significantly larger decreases in parental 
stress than both the Audiobook-scaffolded (t(115) = 2.53, 
p = 0.0065), and Audiobook-only (t(104) = 3.16, p = 0.0010) 
groups. The High-Practice group had significantly larger 
decreases in child-perceived stress than the Audiobook-only 
group (t(112) = 1.66, p = 0.049), and trended toward larger 
decreases in child-perceived stress than the Audiobook-
scaffolded group (t(117) = 1.32, p = 0.094). Dosage effects 
were similar for parent reports of number of practices (Sup-
plementary Fig. S4). No dosage effects were found for all 
other outcomes. No dosage effects were found in the reading 
minutes for the audiobook groups when correlating min-
utes practiced with outcomes (parent-reported child nega-
tive affect p = 0.12, parental stress p = 0.18, child perceived 
stress p = 0.92).

Discussion

In this study, we administered an at-home app-based mind-
fulness intervention to children ages 8 to 10 years in the 
US. We hypothesized that there would be decreases in 
child-reported anxiety symptoms and perceived stress after 
the mindfulness intervention relative to the control audio-
book interventions. There was evidence of larger decreases 

Table 3  Pre-post effect sizes and ANOVA results

*  p < 0.05, ** p < 0.01, *** p < 0.001
Aud. + S. Audiobook + Scaffolding Condition; Aud. Audiobook Only Condition; Mind. Mindfulness Condition; d Cohen’s d effect size; CR 
Child report; PR Parent report; Negative Affect CR: Child Negative Affect; Mindfulness: Child and Adolescent Mindfulness Measure (CAMM); 
Stress Children: Perceived Stress Scale for Children; Anxiety CR: RCADS – Anxiety Scale; Depression CR: RCADS – Depression Scale; GEC: 
BRIEF Global Executive Composite; BRI: BRIEF Behavioral Regulation Index; Anxiety PR: RCADS – Anxiety Scale; Depression PR: RCADS 
–Depression Scale; Stress Parent: Perceived Stress Scale; Prosociality: Parent Report Prosociality, Negative Affect PR: Parent Report of Child 
Negative Affect

Outcomes dMIND dAUD dAUD+S Mind. Vs Aud Mind. Vs Aud. + S

ddiff Mind vs Aud ANOVA
P value

ANOVA
FDR-
corrected P 
value

ddiff Mind vs 
Aud. + S

ANOVA
P value

ANOVA
FDR-
corrected P 
value

Negative affect CR −0.21 −0.23 −0.13 0.02 0.98 0.99 −0.08 0.57 0.93
Mindfulness 0.19 0.05 0.07 0.14 0.36 0.62 0.12 0.23 0.70
Stress children −0.29 −0.04 −0.07 −0.25 0.075 0.45 −0.22 0.18 0.70
Anxiety CR −0.16 −0.06 −0.08 −0.10 0.36 0.62 −0.08 0.73 0.93
Depression CR −0.16 −0.09 −0.12 −0.07 0.57 0.86 −0.04 0.78 0.93
GEC −0.13 −0.02 −0.09 −0.11 0.99 0.99 −0.04 0.87 0.93
BRI −0.15 −0.10 −0.10 −0.05 0.65 0.86 −0.05 0.93 0.93
Anxiety PR −0.18 −0.08 −0.01 −0.10 0.30 0.62 −0.17 0.23 0.70
Depression PR −0.17 −0.11 −0.10 −0.06 0.89 0.99 −0.07 0.82 0.93
Stress Parent −0.20 −0.04 −0.16 −0.16 0.25 0.62 −0.04 0.91 0.93
Prosociality 0.06 0.11 0.07 −0.05 0.23 0.62 −0.01 0.60 0.93
Negative affect PR −0.39 0.04 −0.21 −0.43 0.004** 0.048* −0.18 0.11 0.70
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in children’s negative affect as reported by parents and of 
children’s self-perceived stress in the Mindfulness interven-
tion compared to the Audiobook-only intervention, but no 
differences between the Mindfulness intervention and the 
Audiobook-scaffolded intervention. The reduction in stress 
is consistent with mindfulness studies reporting reduced 
stress with adults (Khoury et al., 2015) and children (Bauer 
et al., 2019). There were no significant group differences 
for trait mindfulness, parent-report anxiety and depression, 
executive function, prosociality, and parental stress. Effect 
sizes in all interventions were small (Cohen’s d < 0.45). 
There was evidence that participants who engaged with the 
mindfulness intervention more often showed larger reduc-
tions in negative affect.

This study was novel in applying a remote, app-based 
intervention with pre-adolescent children. The remote nature 

of the mindfulness intervention may have diminished its 
effectiveness. While app-based mindfulness interventions 
in adults often show decreases in anxiety and depression 
(Spijkerman et al., 2016), increases in well-being (Gál et al., 
2021) and increases in mindfulness (Linardon et al., 2019), 
changes are often smaller in size than in-person interven-
tions (Goldberg et al., 2018). Indeed, this has been observed 
across app-based health interventions generally (Goldberg 
et al., 2022a). There are barriers to success for app-based 
interventions, including low adherence (Linardon & Fuller-
Tyszkiewicz, 2020). However, in the current study we 
sought to encourage adherence by including weekly practice 
reminders as well as personal communication in the case of 
multiple missed practices. Our monitoring data show that 
most families were practicing (on average 25 days of a total 
of 40), and dropout was relatively low compared to other 

Fig. 2  Treatment effects for all groups and all scales. Note: Blue is 
Mindfulness, Green is Audiobook-scaffolded, Red is Audiobook-only. 
Error bars reflect standard errors. TimePoint 0 is Pre-test, TimePoint 
1 is Post-test. Sample size is 279 individuals. CR: Child Report; PR: 
Parent Report; Negative Affect CR: Child Negative Affect; Mindful-
ness: Child and Adolescent Mindfulness Measure (CAMM); Stress 
Children: Perceived Stress Scale for Children; Anxiety CR: RCADS 

– Anxiety Scale; Depression CR: RCADS – Depression Scale; GEC: 
BRIEF Global Executive Composite; BRI: BRIEF Behavioral Regu-
lation Index; Anxiety PR: RCADS – Anxiety Scale; Depression PR: 
RCADS –Depression Scale; Stress Parent: Perceived Stress Scale; 
Prosociality: Parent Report Prosociality, Negative Affect PR: Parent 
Report of Child Negative Affect
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app-based studies (e.g., Goldberg et al., 2020; Linardon & 
Fuller-Tyszkiewicz, 2020).

Another potential explanation for the small effects is 
the rigor of the control conditions. It is well-established 
that active control conditions produce smaller effect sizes 
(Gál et al., 2021; Goldberg et al., 2022b). In our study, par-
ticipants were recruited for a reading study to evaluate the 
impact of audiobooks on reading scores, and were rand-
omized into either Audiobook-only, Audiobook-scaffolded 
(with weekly meetings with a facilitator), or Mindfulness 
conditions. For our mindfulness analyses, we thus had two 
audiobook control conditions. It is possible that these audio-
book conditions were not the best comparison conditions for 
mindfulness, especially because the Audiobook-scaffolded 
condition involved weekly contact with a facilitator which 
was not present in the mindfulness condition. The interven-
tions took place during the height of the COVID-19 pan-
demic in the US, when social and academic restrictions were 
in place. Given the circumstances, the human contact pro-
vided by the Audiobook-scaffolded intervention may have 
been particularly beneficial.

Indeed, there were multiple pre-post improvements 
across all three interventions, including measures of chil-
dren’s negative feelings, and parent ratings of children’s 
negative affect, depression symptoms, executive function, 
and behavior regulation. One possibility is that the human 
contact involved in remote but interactive pre-post testing, 

and the activity involved in all three interventions were ben-
eficial in the context of COVID isolation. Social support and 
interaction was an important determiner of mental health 
during the COVID-19 pandemic for adults (Li et al., 2021; 
Saltzman et al., 2020), and likely in children as well (Wong 
et al., 2020). Whether all three interventions would show 
similar benefits in more typical circumstances is unknown. 
Additionally, it is possible that parents had biased expectan-
cies for benefits for all the interventions.

Our study is not alone in finding limited effectiveness 
of mindfulness interventions for children. A school-based 
RCT with over 8,000 adolescents found that mindfulness 
interventions showed no advantages over teaching as usual 
(Montero-Marin et al., 2022). In addition, they found that 
the mindfulness interventions were actually contraindicated 
for some adolescents with baseline mental health difficulties. 
Other, smaller studies with children and adolescents have 
also found null results (Malboeuf-Hurtubise et al., 2021; 
Odgers et al., 2020). A meta-analysis of mindfulness inter-
ventions in youth found no increases in well-being relative 
to active or passive (i.e., waitlist or treatment-as-usual) con-
trols, and only small decreases in anxiety and stress with 
regard to active controls (Dunning et al., 2022).

In contrast, numerous studies show evidence for the 
benefits of mindfulness in children. In child and adolescent 
populations, mindfulness-based interventions (MBIs) have 
been related to symptom reduction, increased wellbeing 

Fig. 3  Change in parent-
reported child negative affect 
with median split by days 
practiced. *p < 0.05, **p < 0.01. 
LowPracticeMindful is the 
group of mindfulness partici-
pants at or below the median of 
days practiced (29). HighPrac-
ticeMindful is the group above 
the median. Error bars reflect 
standard errors. Sample sizes 
are 90 for Audiobook-only, 99 
for Audiobook-scaffolded, 37 
for HighPracticeMindful, 35 for 
LowPracticeMindful, and 18 
mindfulness individuals were 
missing data for days practiced
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(Caldwell et al., 2019; Carsley et al., 2018; Porter et al., 
2022), improved attention (Bauer et al., 2020), and behavio-
ral regulation (Kaunhoven & Dorjee, 2017; Schonert-Reichl 
et al., 2015). Researchers have found functional changes in 
brain circuitry in sixth graders after a mindfulness interven-
tion (Bauer et al., 2019). Trait mindfulness, defined as the 
disposition or tendency to behave mindfully in day-to-day 
life, is connected to positive mental health outcomes in chil-
dren (de Bruin et al., 2014; Greco et al., 2011) and positive 
academic outcomes and school behaviors (Caballero et al., 
2019). In theory, MBIs promote trait mindfulness and thus 
positive mental health outcomes.

The benefit of the mindfulness app on children’s emo-
tional well-being (child perceived stress and parent-reported 
child negative affect) was related to frequency of the usage 
of the app. Children who practiced 30 days or more had 
significantly larger gains in emotional well-being than chil-
dren in both the Audiobook-only and Audiobook-scaffolded 
conditions. We also found a similar dose-dependent benefit 
for parental stress. These results suggest there needs to be 
sufficient dosage for app-based interventions to show effects 
in children, paralleling similar findings in adults (Bostock 
et al., 2019). Further, the large school-based study of mind-
fulness in the UK that found no benefits contained only 10 
instructional sessions spread across a semester and that most 
students reported little or no independent practice beyond 
those sessions (Montero-Marin et al., 2022). In contrast, for 
example, a school-based study that yielded multiple ben-
efits with  6th graders involved about 24 hr of instruction 
and practice across 8 weeks (Bauer et al., 2019, 2020). It 
is, however possible that participants in the present study 
who practiced more than 30 days were more motivated to 
report mindfulness-related benefits. Future studies could 
randomize participants to receive more or less treatment so 
that there is direct evidence of the relation between dosage 
and possible benefits and so that the minimally effective dos-
age might be identified.

These findings suggest that an important issue in at-home 
app-based mindfulness interventions is adherence to the 
program. For young children, such adherence most likely 
involves adult caregivers as well as the children who depend 
on them. This challenge contrasts with school-based pro-
grams in which, when given with high fidelity, the instructor 
can assure engagement.

Limitations and Future Research

There are some limitations to our study that may account 
for the limited effectiveness of the mindfulness interven-
tion. One limitation was that the families were initially 
recruited to take part in an audiobook intervention. Thus, 
they may have been less engaged and motivated to take 
part in the mindfulness intervention. There is evidence that 

creating more favorable subjective norms around mindful-
ness and increasing intentions by emphasizing the benefits 
of mindfulness (e.g. behavioral control) increases the num-
ber of minutes practiced by participants (Crandall et al., 
2019). Initial motivations to engage in mindfulness prac-
tice also appear to be related to persistence (Jiwani et al., 
2022), and motivations for mindfulness may have been 
initially low in this sample. As participants were informed 
about their intervention assignment before pre-test, any 
difference in motivation could have effects not just on 
adherence, but also on test scores. However, we found no 
baseline differences in scores between the groups, no dif-
ferences in completion of pre-testing, and no differences 
in completion of the interventions.

An additional limitation is that we may have been 
underpowered to detect small to moderate selective effects 
between interventions. Power analyses for interventions 
have been conducted using between-group comparisons of 
change scores (Goldberg et al., 2020), or f-values (Kaplan 
et al., 2022). We were powered at 80% to detect effect sizes 
of d = 0.42 or larger for the comparisons of Mindfulness 
and Audiobook groups. We were powered at 80% to detect 
f-values of 0.19 using the ANOVA analyses. Future stud-
ies will ideally be more highly powered, but there may 
be questions about value of benefits that are so small that 
large numbers of participants are needed to detect them. 
There is the possibility, however, that the individual differ-
ences among participants are predictive of the magnitude 
of benefits (Webb et al., 2022). Also, to better generalize 
to the public, studies should be conducted with diverse 
participants. While we focused substantial effort and 
resources toward recruiting a socioeconomically diverse 
sample (Ozernov-Palchik et al., 2022) the majority of par-
ticipants in our study were from middle to high-income 
families.

The final limitation concerns the validity of our self-
report measures. We used a clinical questionnaire (the 
RCADS (Chorpita et al., 2000)) to measure anxiety symp-
toms. Floor effects may have obscured sub-clinical changes 
in anxiety. In addition, the child perceived stress measure 
had low scale reliability.

In summary, we conducted a rigorously controlled, 
app-based mindfulness intervention in children, and found 
some limited benefits in reduced stress and enhanced emo-
tional well-being. Smartphone apps offer benefits in terms 
of scalability, reach, and cost-effectiveness (Linardon & 
Fuller-Tyszkiewicz, 2020). For this reason, we suggest that 
future work should continue to study remote interventions in 
children, examining the types of mindfulness practices that 
are useful, how much practice is necessary to achieve ben-
eficial outcomes, how to encourage children to accomplish 
that amount of practice, and which childen may benefit most 
from a mindfulness app.



2741Mindfulness (2023) 14:2728–2744 

1 3

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12671- 023- 02231-3.

Acknowledgements We thank our testers: Amanda Miller, David 
Bates, Ross Weissman, Joohee Baik, June Okada, William Oliver, and 
Harriet Richards. We also thank Yesi Camacho Torres, Hope Kentala, 
Natalie Gardino, and Jeff Dieffenbach for helping to run the study. We 
thank the Los Angeles Unified School District (LAUSD) Achievement 
Network for help with recruiting families. We thank Learning Ally for 
help with recruitment and for providing the audiobook interventions. 
Lastly, we thank Inner Explorer for providing the intervention.

Author Contributions Isaac Treves: Conceptualization, analysis, 
writing-original draft preparation, supervision. Halie Olson: Con-
ceptualization, project administration, funding acquisition, writing-
review and editing. Ola Ozernov-Palchik: Conceptualization, project 
administration, funding acquisition, supervision. Cindy Li: data cura-
tion, writing-original draft preparation, investigation, methodology. 
Kimberly Wang: project administration, writing-review and editing, 
investigation. Xochitl Arechiga: project administration, investigation. 
Simon Goldberg: analysis, writing-review and editing. John Gabrieli: 
supervision, resources, writing-review and editing.

Funding ’Open Access funding provided by the MIT Libraries’ 
This research was funded by the Chan Zuckerberg Initiative as part 
of the Reach Every Reader Project, National Institutes of Health 
(F32-HD100064 to OO), and the National Science Foundation Gradu-
ate Research Fellowship (Grant No. 1745302 to HO). SBG was sup-
ported by the National Center for Complementary & Integrative 
Health of the National Institutes of Health under Award Number 
K23AT010879.

Data, Materials and Code Availability Data and code will be made pub-
licly available on publication at https:// osf. io/ a9h6t/.

Declarations 

This project received Institutional Review Board approval at the Mas-
sachusetts Institute of Technology (MIT).

Consent We obtained informed consent from the parents of all par-
ticipants as well as assent from the children before they participated 
in the study.

Competing Interests The authors have no relevant financial or non-
financial interests to disclose.

Use of Artifical Intelligence Artificial Intelligence was not used.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

American Psychiatric Association. (1994). Diagnostic and statistical 
manual of mental disorders (4th ed.).

Anderson, M., & Jiang, J. (2018). Teens, Social Media and Technol-
ogy 2018. Pew Research Center. Retrieved July 14, 2023, from 
https:// www. pewre search. org/ inter net/ 2018/ 05/ 31/ teens- social- 
media- techn ology- 2018/

Bakosh, L. S. (2013). Investigating the effects of a daily audio-guided 
mindfulness intervention for elementary school students and 
teachers (Publication No. 3618722) [Doctoral dissertation, Sofia 
University]. ProQuest Dissertations Publishing.

Bakosh, L. S., Snow, R. M., Tobias, J. M., Houlihan, J. L., & Bar-
bosa-Leiker, C. (2016). Maximizing mindful learning: Mindful 
awareness intervention improves elementary school students’ 
quarterly grades. Mindfulness, 7(1), 59–67. https:// doi. org/ 10. 
1007/ s12671- 015- 0387-6

Bauer, C. C. C., Caballero, C., Scherer, E., West, M. R., Mrazek, M. D., 
Phillips, D. T., Whitfield-Gabrieli, S., & Gabrieli, J. D. E. (2019). 
Mindfulness training reduces stress and amygdala reactivity to 
fearful faces in middle-school children. Behavioral Neuroscience, 
133(6), 569–585. https:// doi. org/ 10. 1037/ bne00 00337

Bauer, C. C. C., Rozenkrantz, L., Caballero, C., Nieto-Castanon, A., 
Scherer, E., West, M. R., Mrazek, M., Phillips, D. T., Gabrieli, 
J. D. E., & Whitfield-Gabrieli, S. (2020). Mindfulness training 
preserves sustained attention and resting state anticorrelation 
between default-mode network and dorsolateral prefrontal cortex: 
A randomized controlled trial. Human Brain Mapping, 41(18), 
5356–5369. https:// doi. org/ 10. 1002/ hbm. 25197

Beauchaine, T. P., Gatzke-Kopp, L., & Mead, H. K. (2007). Polyvagal 
theory and developmental psychopathology: Emotion dysregula-
tion and conduct problems from preschool to adolescence. Bio-
logical Psychology, 74(2), 174–184. https:// doi. org/ 10. 1016/j. 
biops ycho. 2005. 08. 008

Bostock, S., Crosswell, A. D., Prather, A. A., & Steptoe, A. (2019). 
Mindfulness on-the-go: Effects of a mindfulness meditation app 
on work stress and well-being. Journal of Occupational Health 
Psychology, 24(1), 127–138. https:// doi. org/ 10. 1037/ ocp00 00118

Caballero, C., Scherer, E., West, M. R., Mrazek, M. D., Gabrieli, C. 
F. O., & Gabrieli, J. D. E. (2019). Greater mindfulness is associ-
ated with better academic achievement in middle school. Mind, 
Brain, and Education, 13(3), 157–166. https:// doi. org/ 10. 1111/ 
mbe. 12200

Caldwell, D. M., Davies, S. R., Hetrick, S. E., Palmer, J. C., Caro, P., 
López-López, J. A., Gunnell, D., Kidger, J., Thomas, J., French, 
C., Stockings, E., Campbell, R., & Welton, N. J. (2019). School-
based interventions to prevent anxiety and depression in children 
and young people: A systematic review and network meta-analy-
sis. Lancet Psychiatry, 6(12), 1011–1020. https:// doi. org/ 10. 1016/ 
S2215- 0366(19) 30403-1

Carsley, D., Khoury, B., & Heath, N. L. (2018). Effectiveness of mind-
fulness interventions for mental health in schools: A comprehen-
sive meta-analysis. Mindfulness, 9(3), 693–707. https:// doi. org/ 
10. 1007/ s12671- 017- 0839-2

Centers for Disease Control and Prevention. (2022). Data and statistics 
on children’s mental health. https:// www. cdc. gov/ child rensm ental 
health/ data. html. Accessed 2/9/2023.

Champley, S. (2020). pwr: Basic functions for power analysis. https:// 
cran.r- proje ct. org/ web/ packa ges/ pwr/ pwr. pdf. Accessed 2/9/2023.

Chorpita, B. F., Yim, L., Moffitt, C. E., Umemoto, L. A., & Francis, 
S. E. (2000). Assessment of symptoms of DSM-IV anxiety and 
depression in children: A revised child anxiety and depression 
scale. Behaviour Research and Therapy, 38(8), 835–855. https:// 
doi. org/ 10. 1016/ S0005- 7967(99) 00130-8

https://doi.org/10.1007/s12671-023-02231-3
https://osf.io/a9h6t/
http://creativecommons.org/licenses/by/4.0/
https://www.pewresearch.org/internet/2018/05/31/teens-social-media-technology-2018/
https://www.pewresearch.org/internet/2018/05/31/teens-social-media-technology-2018/
https://doi.org/10.1007/s12671-015-0387-6
https://doi.org/10.1007/s12671-015-0387-6
https://doi.org/10.1037/bne0000337
https://doi.org/10.1002/hbm.25197
https://doi.org/10.1016/j.biopsycho.2005.08.008
https://doi.org/10.1016/j.biopsycho.2005.08.008
https://doi.org/10.1037/ocp0000118
https://doi.org/10.1111/mbe.12200
https://doi.org/10.1111/mbe.12200
https://doi.org/10.1016/S2215-0366(19)30403-1
https://doi.org/10.1016/S2215-0366(19)30403-1
https://doi.org/10.1007/s12671-017-0839-2
https://doi.org/10.1007/s12671-017-0839-2
https://www.cdc.gov/childrensmentalhealth/data.html
https://www.cdc.gov/childrensmentalhealth/data.html
https://cran.r-project.org/web/packages/pwr/pwr.pdf
https://cran.r-project.org/web/packages/pwr/pwr.pdf
https://doi.org/10.1016/S0005-7967(99)00130-8
https://doi.org/10.1016/S0005-7967(99)00130-8


2742 Mindfulness (2023) 14:2728–2744

1 3

Cohen, S., Kamarck, T., & Mermelstein, R. (1983). A global measure 
of perceived stress. Journal of Health and Social Behavior, 24(4), 
385–396. https:// doi. org/ 10. 2307/ 21364 04

Cohen, S. (1988). Perceived stress in a probability sample of the United 
States. In S. Spacapan & S. Oskamp (Eds.), The social psychology 
of health (pp. 31–67). Sage.

Crandall, A., Cheung, A., Young, A., & Hooper, A. P. (2019). Theory-
based predictors of mindfulness meditation mobile app usage: 
A survey and cohort study. JMIR MHealth and UHealth, 7(3), 
e10794. https:// doi. org/ 10. 2196/ 10794

Creswell, J. D. (2017). Mindfulness interventions. Annual Review 
of Psychology, 68(1), 491–516. https:// doi. org/ 10. 1146/ annur 
ev- psych- 042716- 051139

Davidson, R. J., & Kaszniak, A. W. (2015). Conceptual and meth-
odological issues in research on mindfulness and meditation. 
American Psychologist, 70(7), 581–592. https:// doi. org/ 10. 1037/ 
a0039 512

de Bruin, E. I., Zijlstra, B. J. H., & Bögels, S. M. (2014). The meaning 
of mindfulness in children and adolescents: Further validation of 
the child and adolescent mindfulness measure (CAMM) in two 
independent samples from the Netherlands. Mindfulness, 5(4), 
422–430. https:// doi. org/ 10. 1007/ s12671- 013- 0196-8

Diamond, A., & Lee, K. (2011). Interventions shown to aid execu-
tive function development in children 4–12 years old. Science, 
333(6045), 959–964. https:// doi. org/ 10. 1126/ scien ce. 12045 29

Dunning, D., Tudor, K., Radley, L., Dalrymple, N., Funk, J., Vainre, 
M., Ford, T., Montero-Marin, J., Kuyken, W., & Dalgleish, T. 
(2022). Do mindfulness- based programmes improve the cognitive 
skills, behaviour and mental health of children and adolescents? 
An updated meta-analysis of randomised controlled trials. Evi-
dence Based Mental Health, 25(3), 135–142. https:// doi. org/ 10. 
1136/ ebmen tal- 2022- 300464

Dunlap, R. D. (2023). An Analysis of the Impact of the Inner Explorer 
Mindfulness Program on the Academic Growth of Elementary Stu-
dents (Doctoral dissertation, The University of North Carolina at 
Charlotte).

Ebesutani, C., Reise, S. P., Chorpita, B. F., Ale, C., Regan, J., Young, 
J., Higa-McMillan, C., & Weisz, J. R. (2012). The revised child 
anxiety and depression scale-short version: Scale reduction via 
exploratory bifactor modeling of the broad anxiety factor. Psy-
chological Assessment, 24(4), 833–845. https:// doi. org/ 10. 1037/ 
a0027 283

Ebesutani, C., Korathu-Larson, P., Nakamura, B. J., Higa-McMillan, 
C., & Chorpita, B. (2017). The revised child anxiety and depres-
sion scale 25-parent version: Scale development and validation in 
a school-based and clinical sample. Assessment, 24(6), 712–728. 
https:// doi. org/ 10. 1177/ 10731 91115 627012

Economides, M., Martman, J., Bell, M. J., & Sanderson, B. (2018). 
Improvements in stress, affect, and irritability following brief use 
of a mindfulness-based smartphone app: A randomized controlled 
trial. Mindfulness, 9(5), 1584–1593. https:// doi. org/ 10. 1007/ 
s12671- 018- 0905-4

Emerson, C. S., Mollet, G. A., & Harrison, D. W. (2005). Anxious-
depression in boys: An evaluation of executive functioning. 
Archives of Clinical Neuropsychology, 20(4), 539–546. https:// 
doi. org/ 10. 1016/j. acn. 2004. 10. 003

Flett, J. A. M., Hayne, H., Riordan, B. C., Thompson, L. M., & Con-
ner, T. S. (2019). Mobile mindfulness meditation: A randomised 
controlled trial of the effect of two popular apps on mental 
health. Mindfulness, 10(5), 863–876. https:// doi. org/ 10. 1007/ 
s12671- 018- 1050-9

Flook, L., Goldberg, S. B., Pinger, L., & Davidson, R. J. (2015). Pro-
moting prosocial behavior and self-regulatory skills in preschool 
children through a mindfulness-based kindness curriculum. 
Developmental Psychology, 51(1), 44–51. https:// doi. org/ 10. 
1037/ a0038 256

Friedman, N. P., Haberstick, B. C., Willcutt, E. G., Miyake, A., Young, 
S. E., Corley, R. P., & Hewitt, J. K. (2007). Greater attention prob-
lems during childhood predict poorer executive functioning in late 
adolescence. Psychological Science, 18(10), 893–900. https:// doi. 
org/ 10. 1111/j. 1467- 9280. 2007. 01997.x

Gál, É., Ștefan, S., & Cristea, I. A. (2021). The efficacy of mindfulness 
meditation apps in enhancing users’ well-being and mental health 
related outcomes: A meta-analysis of randomized controlled trials. 
Journal of Affective Disorders, 279, 131–142. https:// doi. org/ 10. 
1016/j. jad. 2020. 09. 134

Gioia, G. A., Isquith, P. K., Guy, S. C., & Kenworthy, L. (2000). Test 
review: Behavior rating inventory of executive function. Child 
Neuropsychology, 6(3), 235–238. https:// doi. org/ 10. 1076/ chin.6. 
3. 235. 3152

Goldberg, S. B., Imhoff-Smith, T., Bolt, D. M., Wilson-Menden-
hall, C. D., Dahl, C. J., Davidson, R. J., & Rosenkranz, M. A. 
(2020). Testing the efficacy of a multicomponent, self-guided, 
smartphone-based meditation app: Three-armed randomized 
controlled trial. JMIR Mental Health, 7(11), e23825. https:// 
doi. org/ 10. 2196/ 23825

Goldberg, S. B., Lam, S. U., Simonsson, O., Torous, J., & Sun, S. 
(2022a). Mobile phone-based interventions for mental health: 
A systematic meta-review of 14 meta-analyses of randomized 
controlled trials. PLOS Digital Health, 1(1). https:// doi. org/ 10. 
1371/ journ al. pdig. 00000 02

Goldberg, S. B., Riordan, K. M., Sun, S., & Davidson, R. J. (2022b). 
The empirical status of mindfulness-based interventions: A sys-
tematic review of 44 meta-analyses of randomized controlled 
trials. Perspectives on Psychological Science, 17(1), 108–130. 
https:// doi. org/ 10. 1177/ 17456 91620 968771

Goldberg, S. B., Tucker, R. P., Greene, P. A., Davidson, R. J., Wam-
pold, B. E., Kearney, D. J., & Simpson, T. L. (2018). Mindful-
ness-based interventions for psychiatric disorders: A system-
atic review and meta-analysis. Clinical Psychology Review, 59, 
52–60. https:// doi. org/ 10. 1016/j. cpr. 2017. 10. 011

Goodman, M. S. (2019). Targeting self-regulation and disease resil-
ience in elementary school students through a mindfulness-
based social-emotional learning curriculum (Publication No. 
10826744) [Doctoral dissertation, Alliant International Univer-
sity]. ProQuest Dissertations Publishing.

Graham, J. W. (2009). Missing data analysis: Making it work in the 
real world. Annual Review of Psychology, 60, 549–576. https:// 
doi. org/ 10. 1146/ annur ev. psych. 58. 110405. 085530

Graziano, P. A., Reavis, R. D., Keane, S. P., & Calkins, S. D. (2007). 
The role of emotion regulation in children’s early academic suc-
cess. Journal of School Psychology, 45(1), 3–19. https:// doi. org/ 
10. 1016/j. jsp. 2006. 09. 002

Greco, L. A., Baer, R. A., & Smith, G. T. (2011). Assessing mindfulness 
in children and adolescents: Development and validation of the 
child and adolescent mindfulness measure (CAMM). Psychologi-
cal Assessment, 23(3), 606–614. https:// doi. org/ 10. 1037/ a0022 819

Greenberg, M. T., & Harris, A. R. (2012). Nurturing mindfulness 
in children and youth: Current state of research. Child Devel-
opment Perspectives, 6(2), 161–166. https:// doi. org/ 10. 1111/j. 
1750- 8606. 2011. 00215.x

Greenland, S. K. (2010). The mindful child: How to help your kid 
manage stress and become happier, kinder, and more compas-
sionate. Simon and Schuster.

Grist, R., Croker, A., Denne, M., & Stallard, P. (2019). Technol-
ogy delivered interventions for depression and anxiety in chil-
dren and adolescents: A systematic review and meta-analysis. 
Clinical Child and Family Psychology Review, 22(2), 147–171. 
https:// doi. org/ 10. 1007/ s10567- 018- 0271-8

Harris, P. A., Taylor, R., Thielke, R., Payne, J., Gonzalez, N., 
& Conde, J. G. (2009). Research electronic data capture 
(REDCap)—A metadata-driven methodology and workflow 

https://doi.org/10.2307/2136404
https://doi.org/10.2196/10794
https://doi.org/10.1146/annurev-psych-042716-051139
https://doi.org/10.1146/annurev-psych-042716-051139
https://doi.org/10.1037/a0039512
https://doi.org/10.1037/a0039512
https://doi.org/10.1007/s12671-013-0196-8
https://doi.org/10.1126/science.1204529
https://doi.org/10.1136/ebmental-2022-300464
https://doi.org/10.1136/ebmental-2022-300464
https://doi.org/10.1037/a0027283
https://doi.org/10.1037/a0027283
https://doi.org/10.1177/1073191115627012
https://doi.org/10.1007/s12671-018-0905-4
https://doi.org/10.1007/s12671-018-0905-4
https://doi.org/10.1016/j.acn.2004.10.003
https://doi.org/10.1016/j.acn.2004.10.003
https://doi.org/10.1007/s12671-018-1050-9
https://doi.org/10.1007/s12671-018-1050-9
https://doi.org/10.1037/a0038256
https://doi.org/10.1037/a0038256
https://doi.org/10.1111/j.1467-9280.2007.01997.x
https://doi.org/10.1111/j.1467-9280.2007.01997.x
https://doi.org/10.1016/j.jad.2020.09.134
https://doi.org/10.1016/j.jad.2020.09.134
https://doi.org/10.1076/chin.6.3.235.3152
https://doi.org/10.1076/chin.6.3.235.3152
https://doi.org/10.2196/23825
https://doi.org/10.2196/23825
https://doi.org/10.1371/journal.pdig.0000002
https://doi.org/10.1371/journal.pdig.0000002
https://doi.org/10.1177/1745691620968771
https://doi.org/10.1016/j.cpr.2017.10.011
https://doi.org/10.1146/annurev.psych.58.110405.085530
https://doi.org/10.1146/annurev.psych.58.110405.085530
https://doi.org/10.1016/j.jsp.2006.09.002
https://doi.org/10.1016/j.jsp.2006.09.002
https://doi.org/10.1037/a0022819
https://doi.org/10.1111/j.1750-8606.2011.00215.x
https://doi.org/10.1111/j.1750-8606.2011.00215.x
https://doi.org/10.1007/s10567-018-0271-8


2743Mindfulness (2023) 14:2728–2744 

1 3

process for providing translational research informatics support. 
Journal of Biomedical Informatics, 42(2), 377–381. https:// doi. 
org/ 10. 1016/J. JBI. 2008. 08. 010

Hilt, L. M., & Swords, C. M. (2021). Acceptability and preliminary 
effects of a mindfulness mobile application for ruminative ado-
lescents. Behavior Therapy, 52(6), 1339–1350. https:// doi. org/ 
10. 1016/j. beth. 2021. 03. 004

Hilt, L. M., Swords, C. M., & Webb, C. A. (2023). Randomized con-
trolled trial of a mindfulness mobile application for ruminative 
adolescents. Journal of Clinical Child & Adolescent Psychol-
ogy. https:// doi. org/ 10. 1080/ 15374 416. 2022. 21588 40

Hirshberg, M. J., Frye, C., Dahl, C. J., Riordan, K. M., Vack, N. 
J., Sachs, J., Goldman, R., Davidson, R. J., & Goldberg, S. B. 
(2022). A randomized controlled trial of a smartphone-based 
well-being training in public school system employees during 
the COVID-19 pandemic. Journal of Educational Psychology, 
114(8), 1895–1911. https:// doi. org/ 10. 1037/ edu00 00739

Inner Explorer. (2023). Inner explorer (version 7.5.3) [mobile app]. 
Google Play Store. https:// play. google. com/ store/ apps/ detai ls? id= 
com. inner explo rer. prese nt& hl= en_ USgl= US& pli=1. Accessed 
2/9/2023.

Jiwani, Z., Lam, S. U., Davidson, R. J., & Goldberg, S. B. (2022). Moti-
vation for meditation and its association with meditation prac-
tice in a national sample of internet users. Mindfulness, 13(10), 
2641–2651. https:// doi. org/ 10. 1007/ s12671- 022- 01985-6

Kabat-Zinn, J. (2003). Mindfulness-based interventions in context: 
Past, present, and future. Clinical Psychology: Science and Prac-
tice, 10(2), 144–156. https:// doi. org/ 10. 1093/ clipsy. bpg016

Kabat-Zinn, J. (2005). Full catastrophe living: Using the wisdom of 
your body and mind to face stress, pain, and illness (15th anni-
versary ed.). Delta Trade Paperback/Bantam Dell.

Kaplan, D. M., Mehl, M. R., Pace, T. W. W., Negi, L. T., de Silva, B. 
O., Lavelle, B. D., Sivilli, T., Williams, A., Comstock, T., Price, 
B., Medrano, V., Robbins, M. L., Cole, S. P., Craighead, W. E., 
& Raison, C. L. (2022). Implications of a “null” randomized 
controlled trial of mindfulness and compassion interventions in 
healthy adults. Mindfulness, 13(5), 1197–1213. https:// doi. org/ 10. 
1007/ s12671- 022- 01861-3

Kaufman, A. S. (2004). Kaufman brief intelligence test–second edition 
(KBIT-2). American Guidance Service.

Kaunhoven, R. J., & Dorjee, D. (2017). How does mindfulness modu-
late self-regulation in pre-adolescent children? An integrative neu-
rocognitive review. Neuroscience and Biobehavioral Reviews, 74, 
163–184. https:// doi. org/ 10. 1016/j. neubi orev. 2017. 01. 007

Khoury, B., Sharma, M., Rush, S. E., & Fournier, C. (2015). Mind-
fulness-based stress reduction for healthy individuals: A meta-
analysis. Journal of Psychosomatic Research, 78(6), 519–528. 
https:// doi. org/ 10. 1016/j. jpsyc hores. 2015. 03. 009

Learning Ally. (2023). Learning Ally (Version 4.7.3) [Mobile 
app]. Google Play Store. https://play.google.com/store/apps/
details?id=org.learningally.LinkMobile&hl=en_US&gl=US. 
Accessed 2/9/2023.

Li, X., Fu, P., Fan, C., Zhu, M., & Li, M. (2021). COVID-19 stress and 
mental health of students in locked-down colleges. International 
Journal of Environmental Research and Public Health, 18(2), 
771. https:// doi. org/ 10. 3390/ ijerp h1802 0771

Linardon, J., Cuijpers, P., Carlbring, P., Messer, M., & Fuller-Tysz-
kiewicz, M. (2019). The efficacy of app-supported smartphone 
interventions for mental health problems: A meta-analysis of 
randomized controlled trials. World Psychiatry, 18(3), 325–336. 
https:// doi. org/ 10. 1002/ wps. 20673

Linardon, J., & Fuller-Tyszkiewicz, M. (2020). Attrition and adherence in 
smartphone-delivered interventions for mental health problems: A 
systematic and meta-analytic review. Journal of Consulting and Clin-
ical Psychology, 88(1), 1–13. https:// doi. org/ 10. 1037/ ccp00 00459

Liverpool, S., Mota, C. P., Sales, C. M. D., Čuš, A., Carletto, S., 
Hancheva, C., Sousa, S., Cerón, S. C., Moreno-Peral, P., Pietra-
bissa, G., Moltrecht, B., Ulberg, R., Ferreira, N., & Edbrooke-
Childs, J. (2020). Engaging children and young people in digi-
tal mental health interventions: Systematic review of modes of 
delivery, facilitators, and barriers. Journal of Medical Internet 
Research, 22(6), e16317. https:// doi. org/ 10. 2196/ 16317

Lumley, T. (2019). mitools: Tools for multiple imputation of missing 
data. https:// cran. rproj ect. org/ web/ packa ges/ mitoo ls/ mitoo ls. pdf. 
Accessed 2/9/2023.

Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). 
Effects of stress throughout the lifespan on the brain, behaviour 
and cognition. Nature Reviews Neuroscience, 10(6), 434–445. 
https:// doi. org/ 10. 1038/ nrn26 39

Lutz, A., Slagter, H. A., Dunne, J. D., & Davidson, R. J. (2008). Atten-
tion regulation and monitoring in meditation. Trends in Cognitive 
Sciences, 12(4), 163–169. https:// doi. org/ 10. 1016/j. tics. 2008. 01. 
005

Mahlo, L., & Windsor, T. D. (2021). Feasibility, acceptability, and 
preliminary efficacy of an app-based mindfulness-meditation 
program among older adults. The Gerontologist, 61(5), 775–786. 
https:// doi. org/ 10. 1093/ geront/ gnaa0 93

Malboeuf-Hurtubise, C., Léger-Goodes, T., Mageau, G. A., Joussemet, 
M., Herba, C., Chadi, N., Lefrançois, D., Camden, C., Bussières, 
È. L., Taylor, G., Éthier, M. A., & Gagnon, M. (2021). Philosophy 
for children and mindfulness during COVID-19: Results from a 
randomized cluster trial and impact on mental health in elemen-
tary school students. Progress in Neuro-Psychopharmacology and 
Biological Psychiatry, 107, 110260. https:// doi. org/ 10. 1016/j. 
pnpbp. 2021. 110260

Miller, G. E., Chen, E., & Parker, K. J. (2011). Psychological stress 
in childhood and susceptibility to the chronic diseases of aging: 
Moving toward a model of behavioral and biological mechanisms. 
Psychological Bulletin, 137(6), 959–997. https:// doi. org/ 10. 1037/ 
a0024 768

Montero-Marin, J., Allwood, M., Ball, S., Crane, C., De Wilde, K., 
Hinze, V., Jones, B., Lord, L., Nuthall, E., Raja, A., Taylor, L., 
Tudor, K., Blakemore, S.-J., Byford, S., Dalgleish, T., Ford, T., 
Greenberg, M. T., Ukoumunne, O. C., Williams, J. M. G., & 
Kuyken, W. (2022). School-based mindfulness training in early 
adolescence: What works, for whom and how in the MYRIAD 
trial? Evidence Based Mental Health, 25(3), 117–124. https:// doi. 
org/ 10. 1136/ EBMEN TAL- 2022- 300439

Mrnjaus, K., & Krneta, M. (2014). Mindfulness, concentration and 
student achievement – Challenges and solutions. Procedia-Social 
and Behavioral Sciences, 116(21), 1044–1049. https:// doi. org/ 10. 
1016/j. sbspro. 2014. 01. 343

Nunes, A., Castro, S. L., & Limpo, T. (2020). A review of mindfulness-
based apps for children. Mindfulness, 11(9), 2089–2101. https:// 
doi. org/ 10. 1007/ s12671- 020- 01410-w

Odgers, K., Dargue, N., Creswell, C., Jones, M. P., & Hudson, J. L. 
(2020). The limited effect of mindfulness-based interventions on 
anxiety in children and adolescents: A meta-analysis. Clinical 
Child and Family Psychology Review, 23(3), 407–426. https:// 
doi. org/ 10. 1007/ s10567- 020- 00319-z

Ozernov-Palchik, O., Olson, H. A., Arechiga, X. M., Kentala, H., Solo-
rio-Fielder, J. L., Wang, K. L., Torres, Y. C., Gardino, N. D., Dief-
fenbach, J. R., & Gabrieli, J. D. E. (2022). Implementing remote 
developmental research: A case study of a randomized controlled 
trial language intervention during COVID-19. Frontiers in Psy-
chology, 12, 734375. https:// doi. org/ 10. 3389/ fpsyg. 2021. 734375

Panorama Education. (2015). User guide: Panorama social-emotional 
learning survey. https:// www. panor amaed. com/ social- emoti onal- 
learn ing- sel. Accessed 2/9/2023.

Polit, D. F., & Gillespie, B. M. (2010). Intention-to-treat in randomized 
controlled trials: Recommendations for a total trial strategy. 

https://doi.org/10.1016/J.JBI.2008.08.010
https://doi.org/10.1016/J.JBI.2008.08.010
https://doi.org/10.1016/j.beth.2021.03.004
https://doi.org/10.1016/j.beth.2021.03.004
https://doi.org/10.1080/15374416.2022.2158840
https://doi.org/10.1037/edu0000739
https://play.google.com/store/apps/details?id=com.innerexplorer.present&hl=en_USgl=US&pli=1
https://play.google.com/store/apps/details?id=com.innerexplorer.present&hl=en_USgl=US&pli=1
https://doi.org/10.1007/s12671-022-01985-6
https://doi.org/10.1093/clipsy.bpg016
https://doi.org/10.1007/s12671-022-01861-3
https://doi.org/10.1007/s12671-022-01861-3
https://doi.org/10.1016/j.neubiorev.2017.01.007
https://doi.org/10.1016/j.jpsychores.2015.03.009
https://doi.org/10.3390/ijerph18020771
https://doi.org/10.1002/wps.20673
https://doi.org/10.1037/ccp0000459
https://doi.org/10.2196/16317
https://cran.rproject.org/web/packages/mitools/mitools.pdf
https://doi.org/10.1038/nrn2639
https://doi.org/10.1016/j.tics.2008.01.005
https://doi.org/10.1016/j.tics.2008.01.005
https://doi.org/10.1093/geront/gnaa093
https://doi.org/10.1016/j.pnpbp.2021.110260
https://doi.org/10.1016/j.pnpbp.2021.110260
https://doi.org/10.1037/a0024768
https://doi.org/10.1037/a0024768
https://doi.org/10.1136/EBMENTAL-2022-300439
https://doi.org/10.1136/EBMENTAL-2022-300439
https://doi.org/10.1016/j.sbspro.2014.01.343
https://doi.org/10.1016/j.sbspro.2014.01.343
https://doi.org/10.1007/s12671-020-01410-w
https://doi.org/10.1007/s12671-020-01410-w
https://doi.org/10.1007/s10567-020-00319-z
https://doi.org/10.1007/s10567-020-00319-z
https://doi.org/10.3389/fpsyg.2021.734375
https://www.panoramaed.com/social-emotional-learning-sel
https://www.panoramaed.com/social-emotional-learning-sel


2744 Mindfulness (2023) 14:2728–2744

1 3

Research in Nursing & Health, 33(4), 355–368. https:// doi. org/ 
10. 1002/ nur. 20386

Porter, B., Oyanadel, C., Sáez-Delgado, F., Andaur, A., & Peñate, W. 
(2022). Systematic review of mindfulness-based interventions in 
child-adolescent population: A developmental perspective. Euro-
pean Journal of Investigation in Health, Psychology and Educa-
tion, 12(8), 1220–1243. https:// doi. org/ 10. 3390/ ejihp e1208 0085

Posner, M. I. (Ed.). (2011). Cognitive neuroscience of attention. The 
Guilford Press.

Puzia, M., Laird, B., Green, J., & Huberty, J. (2020). Parents’ percep-
tions of their children’s engagement in a consumer-based medita-
tion mobile app: Cross-sectional survey study. JMIR Pediatrics 
and Parenting, 3(2), e24536. https:// doi. org/ 10. 2196/ 24536

Quartagno, M., Grund, S., & Carpenter, J. (2020). Jomo: A flexible 
package for two-level joint modelling multiple imputation. R 
Journal, 9(1).

Repetti, R. L., Taylor, S. E., & Seeman, T. E. (2002). Risky families: 
Family social environments and the mental and physical health 
of offspring. Psychological Bulletin, 128(2), 330–366. https:// doi. 
org/ 10. 1037/ 0033- 2909. 128.2. 330

Rideout, V. (2015). The common sense census: Media use by tweens 
and teens. A Common Sense Media Research Study, United 
States, 2015 (ICPSR 38018). https:// doi. org/ 10. 3886/ ICPSR 
38018. v1

Rideout, V., & Fox, S. (2018). Digital health practices, social media 
use, and mental well-being among teens and young adults in the 
US. https:// digit alcom mons. psjhe alth. org/ cgi/ viewc ontent. cgi? 
artic le= 2092& conte xt= publi catio ns. Accessed 2/9/2023.

Rotenberg, K. J., Michalik, N., Eisenberg, N., & Betts, L. R. (2008). 
The relations among young children’s peer-reported trustworthi-
ness, inhibitory control, and preschool adjustment. Early Child-
hood Research Quarterly, 23(2), 288–298. https:// doi. org/ 10. 
1016/j. ecresq. 2007. 04. 003

Saltzman, L. Y., Hansel, T. C., & Bordnick, P. S. (2020). Loneliness, 
isolation, and social support factors in post-COVID-19 mental 
health. Psychological Trauma: Theory, Research, Practice, and 
Policy, 12(S1), S55–S57. https:// doi. org/ 10. 1037/ tra00 00703

Schonert-Reichl, K. A., Oberle, E., Lawlor, M. S., Abbott, D., Thom-
son, K., Oberlander, T. F., & Diamond, A. (2015). Enhancing 
cognitive and social–emotional development through a simple-
to-administer mindfulness-based school program for elementary 
school children: A randomized controlled trial. Developmental 
Psychology, 51(1), 52–66. https:// doi. org/ 10. 1037/ a0038 454

Schonfeld, D. J., Adams, R. E., Fredstrom, B. K., Weissberg, R. P., 
Gilman, R., Voyce, C., Tomlin, R., & Speese-Linehan, D. (2015). 
Cluster-randomized trial demonstrating impact on academic 
achievement of elementary social-emotional learning. School 
Psychology Quarterly, 30(3), 406–420. https:// doi. org/ 10. 1037/ 
spq00 00099

Semple, R. J., Droutman, V., & Reid, B. A. (2017). Mindfulness goes 
to school: Things learned (so far) from research and real-world 
experiences. Psychology in the Schools, 54(1), 29–52. https:// doi. 
org/ 10. 1002/ pits. 21981

Semple, R. J., Lee, J., Rosa, D., & Miller, L. F. (2010). A randomized 
trial of mindfulness-based cognitive therapy for children: Pro-
moting mindful attention to enhance social-emotional resiliency 
in children. Journal of Child and Family Studies, 19, 218–229. 
https:// doi. org/ 10. 1007/ s10826- 009- 9301-y

Spijkerman, M. P. J., Pots, W. T. M., & Bohlmeijer, E. T. (2016). Effec-
tiveness of online mindfulness-based interventions in improving 
mental health: A review and meta-analysis of randomised con-
trolled trials. Clinical Psychology Review, 45, 102–114. https:// 
doi. org/ 10. 1016/j. cpr. 2016. 03. 009

Spinrad, T. L., Eisenberg, N., Cumberland, A., Fabes, R. A., Valiente, 
C., Shepard, S. A., Reiser, M., Losoya, S. H., & Guthrie, I. K. 
(2006). Relation of emotion-related regulation to children’s social 
competence: A longitudinal study. Emotion, 6(3), 498–510. 
https:// doi. org/ 10. 1037/ 1528- 3542.6. 3. 498

Strickland, K. (2023). The effectiveness of utilizing the social-emotional 
learning program Inner Explorer on reducing disruptive behaviors 
in a Title 1 Setting [Doctoral dissertation, Saint Leo University].

Thompson, R. A. (1994). Emotion regulation: A theme in search 
of definition. Monographs of the Society for Research in Child 
Development, 59(2–3), 25–52. https:// doi. org/ 10. 2307/ 11661 37

Treves, I. N., Li, C. E., Wang, K. L., Ozernov-Palchik, O., Olson, H. A., 
& Gabrieli, J. D. E. (2023). Mindfulness supports emotional resil-
ience in children during the COVID-19 pandemic. PLoS ONE, 
18(7), e0278501. https:// doi. org/ 10. 1371/ journ al. pone. 02785 01

Tunney, C., Cooney, P., Coyle, D., & O’Reilly, G. (2017). Comparing 
young people’s experience of technology-delivered v. face-to-face 
mindfulness and relaxation: Two-armed qualitative focus group 
study. British Journal of Psychiatry, 210(4), 284–289. https:// doi. 
org/ 10. 1192/ bjp. bp. 115. 172783

Turner, T., & Hingle, M. (2017). Evaluation of a mindfulness-based 
mobile app aimed at promoting awareness of weight-related 
behaviors in adolescents: A pilot study. JMIR Research Protocols, 
6(4), e67. https:// doi. org/ 10. 2196/ respr ot. 6695

Van Buuren, S., & Groothuis-Oudshoorn, K. (2011). mice: Multivari-
ate imputation by chained equations in R. Journal of Statistical 
Software, 45(3), 1–67. https:// doi. org/ 10. 18637/ jss. v045. i03

Vickery, C. E., & Dorjee, D. (2016). Mindfulness training in primary 
schools decreases negative affect and increases meta-cognition 
in children. Frontiers in Psychology, 6, 2025. https:// doi. org/ 10. 
3389/ fpsyg. 2015. 02025

Webb, C. A., Hirshberg, M. J., Davidson, R. J., & Goldberg, S. B. 
(2022). Personalized prediction of response to smartphone-deliv-
ered meditation training: Randomized controlled trial. Journal 
of Medical Internet Research, 24(11), e41566. https:// doi. org/ 10. 
2196/ 41566

White, B. P. (2014). The perceived stress scale for children: A pilot 
study in a sample of 153 children. International Journal of Pedi-
atrics and Child Health, 2, 45–52. https:// doi. org/ 10. 12974/ 2311- 
8687. 2014. 02. 02.4

Wong, C. A., Ming, D., Maslow, G., & Gifford, E. J. (2020). Mitigating 
the impacts of the COVID-19 pandemic response on at-risk chil-
dren. Pediatrics, 146(1). https:// doi. org/ 10. 1542/ peds. 2020- 0973

Zoogman, S., Goldberg, S. B., Hoyt, W. T., & Miller, L. (2015). Mind-
fulness interventions with youth: A meta-analysis. Mindfulness, 
6(2), 290–302. https:// doi. org/ 10. 1007/ s12671- 013- 0260-4

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/nur.20386
https://doi.org/10.1002/nur.20386
https://doi.org/10.3390/ejihpe12080085
https://doi.org/10.2196/24536
https://doi.org/10.1037/0033-2909.128.2.330
https://doi.org/10.1037/0033-2909.128.2.330
https://doi.org/10.3886/ICPSR38018.v1
https://doi.org/10.3886/ICPSR38018.v1
https://digitalcommons.psjhealth.org/cgi/viewcontent.cgi?article=2092&context=publications
https://digitalcommons.psjhealth.org/cgi/viewcontent.cgi?article=2092&context=publications
https://doi.org/10.1016/j.ecresq.2007.04.003
https://doi.org/10.1016/j.ecresq.2007.04.003
https://doi.org/10.1037/tra0000703
https://doi.org/10.1037/a0038454
https://doi.org/10.1037/spq0000099
https://doi.org/10.1037/spq0000099
https://doi.org/10.1002/pits.21981
https://doi.org/10.1002/pits.21981
https://doi.org/10.1007/s10826-009-9301-y
https://doi.org/10.1016/j.cpr.2016.03.009
https://doi.org/10.1016/j.cpr.2016.03.009
https://doi.org/10.1037/1528-3542.6.3.498
https://doi.org/10.2307/1166137
https://doi.org/10.1371/journal.pone.0278501
https://doi.org/10.1192/bjp.bp.115.172783
https://doi.org/10.1192/bjp.bp.115.172783
https://doi.org/10.2196/resprot.6695
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.3389/fpsyg.2015.02025
https://doi.org/10.3389/fpsyg.2015.02025
https://doi.org/10.2196/41566
https://doi.org/10.2196/41566
https://doi.org/10.12974/2311-8687.2014.02.02.4
https://doi.org/10.12974/2311-8687.2014.02.02.4
https://doi.org/10.1542/peds.2020-0973
https://doi.org/10.1007/s12671-013-0260-4

	At-Home use of App-Based Mindfulness for Children: A Randomized Active-Controlled Trial
	Abstract
	Objectives 
	Method 
	Results 
	Conclusions 
	Preregistration 

	Method
	Participants
	Procedure
	Interventions

	Measures
	Child Measures
	Parent Measures

	Data Analyses

	Results
	Attrition
	Power Analyses
	Outcome Analyses

	Discussion
	Limitations and Future Research

	Anchor 22
	Acknowledgements 
	References


