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Abstract

Obijective: Mindfulness training has been shown to reduce rates of depression, anxiety and
perceived stress, but its impact on stress and emotion regulation in real-world settings in the
college-aged population is unknown. This study examines the effect of an 8-session long
mindfulness training on first-year college students’ daily experiences of stress and emotion
regulation.

Methods: Fifty-two first-year students were randomized to the mindfulness training or the
waitlist-control group during the fall academic semester. Before, during and after the trial, students
completed 10-days of ecological momentary assessments (EMA), reporting on family and school
or work stress, negative emotion, rumination, and interference by unwanted thoughts and emotions

Terms of use and reuse: academic research for non-commercial purposes, see here for full terms. http://www.springer.com/gb/open-
access/authors-rights/aam-terms-v1

Correspondence concerning this article should be addressed to Sunhye Bai, Human Development and Family Studies, The
Pennsylvania State University, 216 Health and Human Development, University Park 16802, Phone: (814) 867-6488,
sub1164@psu.edu.

Author contributions: SB: led the conceptualization, literature review, data analysis and writing of the current study. SE: led the
conceptualization, design and data collection of the current study and contributed to its literature review and editing. MK: contributed
to the design, data collection, literature review and editing of the current study. KD: led the conceptualization, design, data collection
of the larger RCT and contributed to the literature review, data collection, data analysis and editing of the current study. MTG: co-led
the conceptualization, design, data collection of the larger RCT and the conceptualization, literature review, data collection, data
analysis and editing of the current study.

Publisher's Disclaimer: This Author Accepted Manuscript is a PDF file of a an unedited peer-reviewed manuscript that has been
accepted for publication but has not been copyedited or corrected. The official version of record that is published in the journal is kept
up to date and so may therefore differ from this version.

Conflict of interest: The authors declare that they have no conflict of interest

Ethical approval: All procedures performed in studies involving human participants were in accordance with the ethical standards of
the Pennsylvania State University’s institutional review board and with the 1964 Helsinki declaration and its later amendments.
Research involving human participants ana/or animals. Study procedures have been approved by the university ethics committee and
have therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later
amendments

Informed consent: Informed consent was obtained from all participants included in the study


http://www.springer.com/gb/open-access/authors-rights/aam-terms-v1
http://www.springer.com/gb/open-access/authors-rights/aam-terms-v1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bai et al.

Page 2

up to four times a day. Multilevel regression analysis compared levels of momentary stress and
emotion regulation difficulties, as well as the strength of the moment-level association between
stress and emotion regulation, by intervention condition, before, during and after the trial.

Results: Controls showed an exacerbation of family stress related negative emotion, rumination
and interference, across the fall semester. However, intervention youth showed stable levels of
emotion regulation responses to family stress across the semester. Emotion regulation responses to
school or work stress did not differ by intervention condition.

Conclusions: Mindfulness training helps to prevent the depletion of emotion regulation capacity
in this sample of relatively healthy first-year college students. EMAs allow the assessment of
emotion regulation in the context of naturally occurring stress, and enhances the specificity and
external validity of evaluations of psychological interventions.

Keywords

mindfulness intervention; transition to college; ecological momentary assessment; family conflict;
emotion regulation

The transition to college can be a time of heightened vulnerability to stress, as students must
quickly acclimate to an unfamiliar environment, take on greater level of personal
responsibility, and manage new academic expectations. One third of first-year college
students worldwide and in the United States report past-year history of one or more mental
health disorders, and first-year students frequently endorse high levels of interpersonal and
academic stress (Acharya et al., 2018; American College Health Association, 2014;
Auerbach et al., 2018; Misra & McKean, 2000; Towbes & Cohen, 1996). Furthermore,
decreased level of parental monitoring and increased access to substances including alcohol,
marijuana and prescription stimulants make this age group especially susceptible to coping
with stress using maladaptive behaviors such as substance use and poor sleep hygiene (Arria
et al., 2008; Hoeppner et al., 2012; Kenney et al., 2014; Van Reen et al., 2016). These coping
behaviors only exacerbate stress and risk for mental health problems. Prevention strategies
that can effectively permeate the daily lives of college students to promote healthy coping
and prevent the onset or exacerbation of mental health disorders are needed on university
campuses.

A growing body of research points to universal mindfulness training as a promising strategy
for the prevention of mental health problems in college students (Halladay et al., 2019).
Defined as the practice of observing and accepting present thoughts, feelings and bodily
sensations without judgment (Kabat- Zinn, 2003), mindfulness training effectively reduces
levels of depression, anxiety and perceived stress in college and graduate students (Breedvelt
et al., 2019; Dvorakov4 et al., 2017; Halladay et al., 2019). However, more research on its
effect outside of intervention and assessment sessions can help reveal the mechanisms that
contribute to change.

Mindfulness-based interventions have been shown to reduce level of perceived stress
(Halladay et al., 2019). However, first-year college students experience a variety of stressors,
and examining intervention effects on different types of stressors can improve our
understanding of the intervention’s specificity and generalizability (Dvorakova et al., 2019).
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For first-year college students, interventions that effectively target responses to school-
related problems is especially important. The primary goal of college is educational, and yet
many students report poorer academic adjustment across the transition from high school to
college (Larose et al., 2019). Mindfulness is associated with improved academic
performance among students in primary and secondary schools (Bakosh et al., 2016; Franco
etal., 2010, Lopez-Gonzalez et al., 2016). However, evidence for the effect of mindfulness-
based interventions on academic functioning in post-secondary schools is limited, with only
one study reporting improved grades (Bennett & Dorjee, 2016), and another reporting
reduced test anxiety in undergraduate and graduate students (Dundas et al., 2016). Less is
known about the effect of mindfulness training on daily occupational stress for college-aged
youth, defined as the extent to which students were bothered or stressed by problems at
school or work.

In addition to increased academic demands, the transition to college is accompanied by
disruptions in the family system as students gain new levels of autonomy (Baete Kenyon &
Silverberg Koerner, 2009). Still, these youth remain digitally connected with family
members, and the family continues to be a salient source of stress in first-year college
students (Hofer, 2008; Johnson et al., 2010; Mattanah et al., 2011). In fact, a survey of
college students in the US identified “pressure to do well in school/parental expectations” as
the most frequently endorsed life stressor and “tests” as the most frequently endorsed daily
hassle (Bland et al., 2012). In addition to developmentally normative shifts in the parent-
youth relationship during the student’s transition to college, such added pressures may
contribute to increased levels of conflict between the youth and their family members, and
poorer adjustment to college. However, no study has examined the effects of mindfulness on
college students’ management of family stress, operationalized as the extent to which a
student feels bothered or stressed by an argument or disagreement with parents or family
members.

Mindfulness practice leads to improvement in health and well-being, through its effects on
emotion regulation, including decreases in levels of rumination (i.e., negative thinking),
negative emotions, and emotional reactivity, or the extent to which one experiences distress
in the face of a negative event (Davidson, 2016; Finkelstein-Fox et al., 2019; Gu et al., 2015;
Roemer et al., 2015). Mindfulness practice is also linked to increased psychological
flexibility, defined as the ability to adapt and balance various psychological demands and
still take action in a value-consistent manner (Fledderus et al., 2010; Kashdan & Rottenberg,
2010). Evaluations of mindfulness training on emotion regulation often rely on self-report
questionnaires that are conducted before and after the intervention (Fledderus et al., 2010;
Robins et al., 2012). While useful for capturing self-perceptions of emotion regulation,
questionnaires do not proximally measure actual emotion regulation processes in response to
specific and meaningful stimuli. Objective measurements conducted in laboratory studies
address this gap (Davidson & Kaszniak, 2015); however, they cannot detect intervention
effects in unstandardized environments. As mindfulness is considered a moment-by-moment
practice (Kabat- Zinn, 2003), rigorous evaluations of mindfulness training may benefit from
an assessment of stress and emotion regulation in the context of daily life.
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These methodological limitations can be overcome with intensive longitudinal measures of
momentary experiences, including daily diaries and ecological momentary assessments
(EMA,; Schneider & Stone, 2016). Dispositional mindfulness is associated with better
psychological functioning in daily life, including lower levels of negative affect, higher
levels of positive affect, lower levels of affective reactivity to stress and greater use of
adaptive coping skills as reported on EMAs (Dixon & Overall, 2016; Keng & Tong, 2016;
Spears et al., 2019). Offering greater external validity, EMAs can usefully assess how
interventions can affect daily experiences and influence psychological processes that unfold
over time (Heron et al., 2017; Sliwinski, 2008). Specifically, EMAs can examine how
interventions affect the link between a stimuli and response, such as the momentary link
between stress and rumination, in daily life.

Despite its utility, there are only a few published studies that have employed this
methodology in an RCT of mindfulness training. All focus on adult samples. Mindfulness
training was associated with lower levels of negative affect in the daily lives of older adults
with anxiety-related distress and cognitive dysfunction, adult smokers, and older adults with
high levels of perceived stress (Moore et al., 2016; Oken et al., 2014; Ruscio et al., 2016), as
well as decreases in daily ADHD symptoms in adults with ADHD (Mitchell et al., 2017).
Moreover, mindfulness was associated with a reduction in pain-related catastrophizing,
morning disability and fatigue, and stress-related anxious mood among 143 21- to 81-year-
old adults with rheumatoid arthritis (Davis et al., 2015). Likewise, 130 depressed middle-
aged adults assigned to the mindfulness condition experienced more positive emotions when
they participated in pleasant activities in the day-to-day, than did those in the waitlist
condition (Geschwind et al., 2011). These studies demonstrate that mindfulness training can
alter mean levels of affect, as well as emotion regulation in daily life; however, this
assessment strategy has not been used to evaluate mindfulness training as a prevention
strategy in relatively healthy samples. Moreover, because assessments were often conducted
only before and after the trial, it is unclear when mindfulness training begins to take effect.
A three-burst design wherein EMAs are completed before, during and after the trial can help
to detect when participants respond to the intervention and help to further tailor sessions to
augment treatment response.

The current RCT examined the effects of an 8-session long mindfulness training on first-
year college students’ daily psychosocial experiences, to better capture how gains associated
with this prevention intervention generalize to the daily life context. We first tested the effect
of the intervention on levels of momentary family and occupational stress and three facets of
emotion regulation: negative emotion, rumination and interference, an aspect of
psychological flexibility defined as the extent to which thoughts and feelings interfere with
activities and plans. We hypothesized that the intervention participants would report lower
levels of stress, negative emotion, rumination, and interference at post intervention. Second,
we tested intervention effects on momentary emotion regulation /n response to stress from
family conflict and occupational problems. We hypothesized that mindfulness training
would increase participants’ abilities to cope with daily family and occupational stress.
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Participants were 52 first-year college students 18 or 19 years old, attending a large public
university in northeast United States. During the first three weeks of the university’s fall
semester, from August to September 2014, students were recruited to participate in a
mindfulness program for stress management, via emails distributed through Residential Life
Services and Honor’s College contact lists, flyers, and information booths at first-year
involvement fairs. Eligible students were first-years living in on-campus residence halls.
Eligibility screenings were sent by email, and the 144 students who completed the
screenings were all eligible. Of these, 109 provided informed consent and were enrolled in
the larger RCT. See primary outcome paper by Dvorakova et al. (2017) for a full CONSORT
diagram.

The current study focuses on a subset of RCT participants who were randomized to
complete EMAs during the study. The 52 participants in the current study who completed
any EMAs were majority 18 years old (83%), female (65%), and Caucasian (56%). Other
race/ethnicities represented included 22% Asian, 4% African American, 8% Hispanic, and
10% mixed race. Twelve percent of participants identified as an international student.
Highest level of participant-reported maternal education was 15% high school graduation or
less, 25% some college or 2-year college graduation, 33% 4-year college graduation, 23%
graduate degree and 4% unknown. Likewise, family income levels were diverse: 8% <
$20,000, 19% $20,00049,000, 19% $50,000-99,000, 23% $100,000-199,999, 10% >
$200,000 and 20% unknown. Out of 52 participants, 12% endorsed therapy or counseling
during the past 6 months. Twenty-nine percent (/7=15) reported any experience with
mindfulness or meditation practices, including mindfulness, vipassana meditation, zen
meditation and guided visualization. Of the 15, one reported that they engaged in this
practice weekly, three reported practicing one to three times a month, and 11, less than once
a month. At pre-intervention, 13 and 14 participants had scores that exceeded clinical cut-
offs on the GAD-7 (= 10) and the PHQ-8 (= 10), respectively (Kroenke et al., 2009; Spitzer
et al., 2006).

Randomization—The larger RCT employed a 2 x 2 factorial design: 109 consented
participants were stratified by gender, randomized to mindfulness training (7=55) or waitlist
control (/7=54; using https://www.randomizer.org), and informed of their intervention
condition over email. See Dvorakova et al. (2017) for more details on enroliment and
randomization. Within each condition, 50% participants were further randomized to
complete EMAs before (Burst 1), during (Burst 2) and after (Burst 3) the trial. Out of the 55
participants who were assigned to complete EMAS, 52 (/=26 in each condition) completed
any EMAs across the three bursts. For each burst, participants received $15 for completing
85% of EMAS. They received additional $5 for each 5% increase in completion rate for a
total of $30 per burst. Study procedures were approved by the university’s institutional
review board.
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Ecological momentary assessments.—Participants in the current analysis (/7=52)
were instructed to complete three bursts of EMAs. Spaced 21 days apart from one start date
to the next, each burst started on a Monday and lasted 10 days. For each burst, participants
received research smartphones with the study assessment application that was designed by
the university’s Survey Research Center. The first burst began on September 29, 2014, prior
to the start of the intervention, the second burst on October 20, 2014, on week three of the
six week-long intervention, and the third burst on November 10, 2014 after the completion
of the intervention. Each day, participants completed up to four momentary assessments,
immediately in response to pseudo-random survey prompts delivered to the participants’
research smartphones between 8:00AM — 11:59AM, 12:00PM - 3:59PM, 4:00PM - 7:59PM
and 8:00PM — 12:00AM. Each participant could complete up to 120 total (4 moments/day x
10 days/burst x 3 bursts). Across the three bursts, the average compliance rate was 55.4%
(SD=18.2, Range=14.0-83.0). Participants completed mean 27 EMAS (5D=6.3, Range=1-
35) at Burst 1, 22 (5D=8.4, Range=0-33) at Burst 2, and 18 (SD=9.8, Range=0-35) at Burst
3.

Intervention.—Participants randomized to the mindfulness training condition participated
in an 8-session long Just Breathe program (Dvofakova et al., 2017) which was an adaptation
for the college population of the Learning 2 Breathe program (Broderick, 2013). The goal of
the mindfulness-training program was to enhance emotion regulation in students (Broderick,
2013; Dvorakova et al., 2017), with group sessions that focused on the following themes:
body awareness, thought awareness, emotion awareness, integration of body, thought and
emotion awareness, reduction of self-judgements, and integration of mindfulness practice in
daily life. For more details about the intervention, see publications by Dvorakova et al.
(2017) and Broderick (2013). The eight 80-minute long group sessions were delivered by
one lead and one assistant facilitator over a period of 6 weeks (2 sessions/week during
weeks 1 and 2, 1 session/week during weeks 3 to 6) in the evenings in the dormitories. Each
group consisted of 20 to 25 students. Among intervention participants in the larger RCT, the
average number of sessions attended was 5.2 (SD=2.7, Range=0-8); 60% of the intervention
group attended 6 or more sessions and only 14% attended no sessions due to course conflicts
(Dvorakové et al., 2017). Facilitators provided access to audio recordings of guided
meditations, instructed participants to practice skills at home, and encouraged them to
remind themselves of their intention to practice mindfulness daily outside of the sessions.
Participants tracked and submitted logs of their mindfulness practice each week. Logs were
tailored to session content.

Family and occupational stress.—Stress from family conflict and school or work (i.e.,
occupational) problems during the past hour were assessed with two single items on a scale
of 0 (not at all) to 100 (very much). Adapted from the Daily Inventory of Stressful Events
(DISE; Almeida et al., 2002), items asked “In the last hour, to what extent were you
bothered or stressed by... an argument or disagreement with parents or family members ”
and “... problems at school or work,” to assess family and occupational stress, respectively.
DISE is a well validated and frequently used measure of daily stress (i.e., family, school,
discrimination). Previous research using intensive longitudinal methodology has used single
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items successfully to assess specific domains of daily stress (Almeida et al., 1999; Chung et
al., 2009).

Negative emotion.—Three items rated on a 0 (not at all) to 100 (very much) scale
assessed the extent to which participants felt “sad,” “nervous,” or “angry,” at the time of the
assessment. Emotions were selected to represent both high and low activated emotions.
Correlations among items at the between-person level of analysis were high (r=.72-.80,
p<.001). Correlations and person-centered level of each item were .24 (nervous &

angry), .33 (nervous & sad), .53 (sad & angry); p < .001 for all pairwise correlations.

Rumination—since the last hour was assessed with two items from the rumination
subscale of the Rumination and Reflection Questionnaire (RRQ) (Trapnell & Campbell,
1999). Participants endorsed the extent to which “I dwelled for a long time over things that
happened to me” and “In my mind, | often played back how I acted in a past situation” since
the last hour, on a 0 (not at all) to 100 (very much) scale. The two items were highly
correlated at the between-person (r=.94, p<.001) and within-person (r=.61, p<.001) levels of
analysis. The RRQ has strong psychometric properties, including high reliability, and
convergent and divergent validity (Trapnell & Campbell, 1999).

Interference—since the last hour was measured with a single item adapted from the long
and short versions of the psychometrically validated Avoidance and Fusion Questionnaire
which measures psychological flexibility (Greco et al., 2008): “My thoughts and feelings
interfered with my activities/plans,” rated on a 0 (not at all) to 100 (very much scale).

Data Analysis

Prior to data analysis, all dependent variables at the moment level were square root
transformed to reduce the positive skew. The first aim of the study was to test the effect of
the intervention on moment levels of family and occupational stress, negative emotion,
rumination and interference. Data were nested into four levels: momentary assessments,
nested in days, nested in bursts, nested in participants. To account for the multiple levels in
the data, we conducted four-level linear regressions (PROC Mixed in SAS 9.4 software),
examining each of the five moment-level variables as outcomes in separate models. Models
included random intercepts at the day, burst and person levels, as well as first-order
autoregressive covariance structure for the residuals to account for time dependencies
between adjacent momentary assessments completed within the same day. Primary
predictors were intervention condition (control=0, intervention=1), burst (dummy coded,
Burst 1=0), and the intervention x burst interaction terms. A significant intervention x burst
interaction suggested that levels differed by condition and burst. We also controlled for
weekend or weekday status (weekday=0) and day in burst, because levels of stress, negative
emotion, rumination and interference may systematically change over the 10-day course.
Past 6-month history of therapy or counseling (effect coded, no therapy=-1, therapy=1), and
gender (effect coded, female=—1, male=1) were also included as controls, consistent with the
primary outcome paper (Dvorakova et al., 2017).
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Second, we tested intervention effects on responses to stress. Specifically, we examined
whether intervention condition and burst significantly moderated the hypothesized
concurrent links between two types of stressors and three indicators of emotion regulation
response. Dependent variables were square root transformed levels of negative emotion,
rumination and interference at the moment level. Predictor variables were intervention
condition, burst, and person-mean and person-centered levels of past hour stress (family and
occupational); three-way interaction terms between person-centered stress, intervention
condition and burst; and the associated two-way interaction terms. A significant three-way
interaction term indicated that the slope of the concurrent association between stress and
emotion regulation response differed across bursts, by intervention condition. Consistent
with analyses described for Aim 1, models included random intercepts at the level of the
days, bursts and persons, as well a first-order autoregressive covariance structure for the
residuals. The three models examining occupational stress also included the random slope
effects of occupational stress on the dependent variable at the day, burst, and person levels.
The three models testing family stress included random slope effects of family stress only at
the day and person levels, as the inclusion of a random slope at the burst level did not
significantly improve the models (X2(2)<3.0, p>0.20). Covariates were weekend or weekday
status, day in burst, history of therapy or counseling and gender. Significant three-way
interactions were probed to compare the simple slopes between intervention conditions and
bursts.

Randomization and Retention

The 55 participants assigned to complete EMASs during the RCT did not differ from the rest
of the sample (7=54), with respect to demographic variables, past 6-month therapy history,
and baseline levels of anxiety, depression and satisfaction with life. Among the 55
participants assigned to EMAs, those in the intervention group (/7=28) were more likely to
endorse past 6-month history of therapy or counseling than those in the waitlist control
group (/7=27; X4(1)=5.02, p=.025). However, the two intervention conditions did not differ
by demographic characteristics or baseline levels of anxiety, depression and satisfaction with
life.

Three participants in the EMA condition did not complete any EMAs, resulting in the
current analytical sample of 52 participants. Out of the 52 who completed any EMASs at
Burst 1 (pre-intervention), four participants did not complete any at Bursts 2 (during
intervention) or 3 (post-intervention), and three participants did not complete any EMAs at
Burst 3. EMA data were available for all three bursts from 45 participants (81% of those
assigned to this assessment). Those who did not complete EMAs at all three bursts (7=10)
did not differ from the 45 participants who completed some EMAS during all three bursts,
with respect to demographic or pre-intervention clinical characteristics.

Stress and Emotion Regulation

Given the multiple time scales across which assessments occurred, we first examined
intraclass correlations (ICC) for each measure, which provides an estimate of the reliability
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of ratings within individuals and the distribution of variance for each variable (See Figure 1).
For each of the five variables, ICC ranged from .27 to .41, suggesting that between-person
differences contributed 27% to 41% of its variance. Variance in family stress was least
attributable to person-level factors. Proportion of variance attributable to burst-level
characteristics, such as pre, during and post intervention status, ranged from 27% to 31%.
About 20% of the variables’ variances were likely due to differences between days. Lastly,
10% to 24% of variability were attributable to differences between moments. Notably, a
greater proportion of stress from family conflict (24%) was attributable to moment-to-
moment differences, in comparison to occupational stress (10%), suggesting that the level of
occupational stress from one moment to the next does not vary as much as it does for family
stress.

Next, we described levels of family and occupational stress, negative emotion, rumination
and interference by intervention condition and burst (Table 1). Descriptively, participants in
the intervention condition appeared to have somewhat higher levels of family and
occupational stress, and experience more negative emotion, rumination and interference.
However, four-level regressions testing effects of condition and burst, accounting for
covariates and random intercepts at the day, burst and person levels, suggested that mean
levels did not statistically differ between conditions and bursts.

Emotion Regulation Responses to Stress

Next, we evaluated the effect of the intervention on concurrent moment-level associations
between the two types of stress (i.e., family and occupational) and three emotion regulation
responses (i.e., negative emaotion, rumination, and interference) in six separate models. A
significant stress x intervention x burst interaction signified that the participant response to
stress differed by intervention condition and burst. As shown in Table 2, participants who
reported higher levels of family stress on average also reported higher levels of negative
emotion and interference; the between-person association between family stress and
rumination escaped statistical significance (p=.055). More importantly, all participants
reported more negative emotion, rumination and interference when they experienced greater
than usual levels of family stress (Table 2), but the strength of these concurrent moment-
level associations varied by intervention condition and burst.

As shown in the A /ntv — Control column of Table 3 and in Figure 2 Panel A, the association
between family stress and negative emotion was weaker among intervention participants
than controls at Burst 3 (48=-0.03, 95% C/[-0.06, —0.00]; f2=0.43). Intervention and
control participants did not show a net change in slope from Burst 1 (pre) to 3 (post).
Likewise, all participants reported greater levels of rumination when experiencing higher
levels of family stress, but intervention participants, much less so than controls at Burst 3
(AB=-0.04, 95% CI[0.07, -0.01]; £20.77). As shown in Table 3 and Figure 2 Panel B,
control youth showed greater levels of rumination concomitant with family stress at Burst 3,
relative to Burst 2. Whereas control participants had a statistically significant net increase
from pre to post intervention (48=0.04, 95% C/[0.02, 0.06]), intervention participants did
not experience this net increase. Consistent with negative emation and rumination, all
participants reported higher levels of interference in activities or plans when they
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experienced higher than usual levels of family stress (see Table 3 and Figure 2 Panel C).
Intervention participants experienced stress-related interference to a lesser extent in Burst 3,
than controls (4B=-0.04, 95% C/[-0.07, =0.00]; f2=0.17). This may be due to a net
increase in stress-related interference from Burst 1 to 3 among controls (48=0.03, 95% C/
[0.01, 0.06]) but not among intervention participants.

We repeated the above described analysis for occupational stress. The three way interaction
terms between occupational stress x intervention x burst did not significantly predict
concurrent levels of negative emotion, rumination and interference. Therefore, we examined
the moderating effect of burst (person-centered occupational stress x burst), controlling for
person mean level of occupational stress, intervention condition, and covariates. All
participants reported greater levels of negative emotion, rumination and interference when
they reported higher than usual occupational stress. A significant stress x Burst 3 interaction
term (B=0.01, 95% C/[0.00, 0.02], p=.003) suggested that the link between occupational
stress and negative emotion intensified from Burst 1 (8=0.02, 95% C/[0.01, 0.03], p<.001)
to Burst 3 (B8=0.04, 95% C/[0.03, 0.05], p<.001). However, associations with rumination
(B=0.03, 95% C/[0.02, 0.04], p<.001,) and interference (8=0.03, 95% C/[0.02, 0.04],
p<.001) were constant across the three bursts. Participants with higher mean levels of
occupational stress over the course of the study reported higher levels of negative emotion
(B=0.06, 95% C/[0.04, 0.08], p<.001), rumination (B8=0.08, 95% C/[0.06, 0.10], p<.001)
and interference (B8=0.07, 95% C/[0.08, 0.09], p<.001).

Discussion

This RCT found that mindfulness training helps to attenuate first-year college students’
responses to family stress across the fall academic semester. All participants reported higher
levels of negative emotion, rumination, and interference when they experienced higher than
usual levels of family or occupational stress, reflecting emotional, cognitive and behavioral
reactions to stress arising in daily life. While the control participants exhibited increasing
levels of reactivity to family stress from early to late fall semester, participants in the
mindfulness training condition showed relatively stable levels. EMASs can complement
existing evaluation strategies and enhance our understanding of how intervention effects
generalize to the management of stress in daily life outside of facilitated group sessions.

These findings have implications for clinical practice and research. The current study adds to
a growing body of evidence supporting the use of mindfulness training as a universal
prevention strategy for maintaining health and well-being, specifically emotion regulation,
among college students. In comparison to the control condition, participants in the
intervention condition reported lower levels of negative emation, rumination and
interference in response to family stress, during the post-intervention period (i.e., Burst 3).
This effect was preventive as the group difference was driven by control participants
experiencing greater difficulty with emotion regulation in response to family stress as the
semester progressed, while the intervention youth showed stable associations across bursts.
According to the strength model of self-regulation, individuals’ capacities for self-regulation
is limited and susceptible to depletion and renewal (Baumeister & Heatherton, 1996). This
model is supported by neuroimaging studies of emotion regulation, which demonstrate that
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individuals exhibit more emotion reactivity in the amygdala and weaker functional
connectivity between the amygdala and the ventromedial prefrontal context in response to an
unpleasant stimuli, when subjected to a difficult attention control task prior to the emotion
regulation task (Wagner & Heatherton, 2012). For first-year college students, the challenges
of the first academic semester likely requires tremendous effort and self-regulation. It is
possible that while the depletion of self-regulation leads to more difficulty with emotion
regulation in response to family stress, mindfulness training helped intervention participants
maintain adequate self-regulation capacities (Friese et al., 2012). Consistent with the
program aims, mindfulness training may be an effective strategy for the prevention of mental
health problems in first-year university students, perhaps by preserving students’ capacity to
cope with provocative interpersonal stress, despite the demands of college.

Intervention effects were detected only in the context of family stress, and not in the context
of school or work stress. Our descriptive findings and the situational context can help to
disentangle this observation. Variance in family stress was least attributable to person-level
factors. Rather, a greater proportion of family stress was due to moment-to-moment
differences, in comparison to occupational stress. Whereas participants’ interactions with
their family members were likely episodic and time-limited, participants were constantly
immersed in the school environment because everyone lived on campus. Accordingly,
participants reported higher levels of stress from school or work problems, and likely
experienced these problems as more pervasive than family conflict. In contrast, family stress
may have been more volatile or unpredictable, leading it to have greater short-term impact
on students but also be a more malleable target of intervention. Findings from a qualitative
study of these participants corroborate current results. In focus groups and interviews,
participants reported improved emotional awareness and family relationships, in addition to
improved organization and time management (Mahfouz et al., 2018). For example, two
students noted that they were able to control their automatic reactions to conflict with
parents, and prevent the escalation of negative affect (Mahfouz et al., 2018). It is also
possible that first-year students” immediate and short-term goals are more closely tied to
their academic functioning rather than interpersonal matters. Valuing self-growth is
particularly beneficial for the well-being of college-aged youth, whereas valuing community
contributions is important for the well-being of middle-aged adults (Lekes et al., 2016).
Although there are likely variations by culture and family upbringing, college students may
perceive school and work problems as more consequential and have more difficulty applying
skills gained in mindfulness training to these stressors.

The current study also has methodological implications for clinical science. A core tenet of
mindfulness training is to observe in the moment without judgment (Kabat- Zinn, 2003).
The integration of EMAs into the RCT allowed us to evaluate mindfulness training in a
manner consistent with this unique feature, and examine intervention effects on the daily
lives of its participants. We detected no intervention effects on the perceived experience of
moment levels of stress, negative emation, rumination and interference. Consistent with its
core tenet, mindfulness training may not necessarily yield changes to the level of stress
exposure or the baseline level of emotion regulation. Rather, mindfulness training more
precisely affected emaotion regulation in the context of naturally occurring stress in this non-
clinical sample of relatively healthy youth. These findings have implications for technology-

Mindfulness (N Y). Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bai et al.

Page 12

assisted ecological momentary interventions that aim to inject skills and alternative coping
strategies at precise moments of need (Nahum-Shani et al., 2017). For example, future work
may test the effect of delivering brief interventions when youth experience greater than usual
level of family stress. Moreover, students may particularly benefit from ecological
momentary interventions designed to address school and academic stress.

Capitalizing on the study’s three-burst design, we detected intervention effects after but not
during the trial. Mindfulness may require repeated practice before its positive effects
generalize to the daily lives its practitioners. In addition, practicing mindfulness may
strengthen self-regulation resources and better prepare students for stress and work demands
that accumulate with the progression of the academic semester. Intensive longitudinal
methods, such as EMAs may complement traditional evaluation strategies by providing
information on how and when the intervention generalizes to daily life.

Limitations and Future Research Directions

Findings must be interpreted in the context of several limitations. First our sample is small
and relatively homogenous, selected from one university campus. Moreover, the study was
conducted during the fall semester, and findings may have been influenced by notable events
on the academic calendar, including a week-long academic break that immediately followed
Burst 2 data collection. Effects of mindfulness training may differ across university
campuses and the time of intervention delivery, given the variability in campus culture and
student body makeup. Second, although we were able to capitalize on the availability of
many measurement occasions, levels of perceived family stress were quite low. Despite its
low rates, responses to family stress appeared to be a malleable target of mindfulness
training in this intervention. Third, we relied on self-reports. As such, the concurrent
associations between stress and negative emotion, rumination or interference may be inflated
by state-dependent recall. Use of objective ecological data, such as voice or movement data,
can enrich subjective data and augment findings. Fourth, this RCT used a waitlist control
group. An active control, such as supportive group therapy can provide a more rigorous
evaluation of intervention effectiveness.

Future research can improve mindfulness trainings by evaluating the effect of dose,
including the number of sessions attended as well as the amount of home practice.
Moreover, given its usefulness for the evaluation of mindfulness interventions as
demonstrated in current and past studies (Moore et al., 2016), consideration of strategies to
increase participant adherence to EMA procedures would improve future research. Finally,
examinations of person-level moderators of intervention effectiveness, including baseline
symptoms and prior experience with mindfulness training in high schools, can help inform
secondary prevention efforts.

The current RCT shows compelling evidence that mindfulness training can be an effective
prevention strategy for use with first-year college students. Using EMAs, we found that the
mindfulness training affects momentary responses to family stress perceived in daily life.
The EMA approach to evaluating emotion regulation processes in daily life complement
existing evaluation strategies, by enabling clinical and prevention scientists to examine
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intervention effects in the real world with the greatest level of specificity and external
validity.
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Moment-level associations between family stress and negative emotion, rumination and
interference, by burst for the average participant in the intervention and control conditions
Panel A displays associations between family stress and negative emotion at Bursts 1, 2 and
3. Panel B displays associations between family stress and rumination at Bursts 1, 2 and 3.
Panel C displays associations between family stress and interference at Bursts 1, 2 and 3.
Note: Negative emotion, rumination and interference were square root transformed to reduce
the positive skew. Covariates included mean levels of family stress (grand mean centered),
weekend status (0=weekday), day in the study (0=day 1), history of therapy or counseling
(effect coded —1=nom 1=yes), and gender coded (—1=female, 1=male).
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