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Abstract

Mindfulness meditation interventions – which train skills in monitoring present-moment 

experiences with a lens of acceptance – have shown promise for increasing positive emotions. 

Using a theory-based approach, we hypothesized that learning acceptance skills in mindfulness 

interventions helps people notice more positive experiences in daily life, and tested whether 

removing acceptance training from mindfulness interventions would eliminate intervention-related 

boosts in positive affect. In two randomized controlled trials (RCTs) of stressed community adults, 

mindfulness skills were dismantled into two structurally equivalent interventions: (1) training in 

both monitoring and acceptance (Monitor+Accept) and (2) training in monitoring only (Monitor 

Only) without acceptance training. Study 1 tested 8-week group-based Monitor+Accept and 

Monitor Only interventions compared to a no treatment control group. Study 2 tested 2-week 

smartphone-based Monitor+Accept and Monitor Only interventions compared to an active control 

training. In both studies, end-of-day and momentary positive affect and negative affect were 

measured in daily life for three days pre- and post-intervention using ambulatory assessments. As 

predicted, across two RCTs, Monitor+Accept training increased positive affect compared to both 

Monitor Only and control groups. In Study 1, this effect was observed in end-of-day positive 

affect. In Study 2, this effect was found in both end-of-day and momentary positive affect 

outcomes. In contrast, all active interventions in Studies 1 and 2 decreased negative affect. These 

studies provide the first experimental evidence that developing an orientation of acceptance toward 
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present-moment experiences is a central mechanism of mindfulness interventions for boosting 

positive emotions in daily life.
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“When you observe things through the lens of mindfulness… you invariably begin to 

appreciate things in a new way because your very perceptions change.” – Kabat-Zinn (1990)

Happiness is a fundamental value pursued by people across time and culture (Kesebir & 

Diener, 2008). Key to happiness is the experience of positive emotions, which encourage 

better relationships, career success, and longer, healthier lives (Lyubomirsky, King, & 

Diener, 2005). For example, positive affect – independent of negative affect – encourages 

meaning in life (King, Hicks, Krull, & Del Gaiso, 2006) and satisfaction with life (Cohn, 

Fredrickson, Brown, Mikels, & Conway, 2009), fosters resilience to stress (Ong, Bergeman, 

Bisconti, & Wallace, 2006), and promotes a broad range of mental and physical health 

outcomes (e.g., reduced risk for depression, acute illness, systemic inflammation, 

cardiovascular incidents, and mortality; Wichers et al., 2010; Cohen, Alper, Doyle, Treanor, 

& Turner, 2006; Cohen, Doyle, Turner, Alper, & Skoner, 2003; Moreno, Moskowitz, Ganz, 

& Bower, 2016; K. W. Davidson, Mostofsky, & Whang, 2010; Steptoe, Owen, Kunz-

Ebrecht, & Brydon, 2004; for reviews, see Marsland, Pressman, & Cohen, 2007; Pressman 

& Cohen, 2005). Yet paradoxically, the more a person values and seeks happiness, the 

greater the chance for disappointment, and the less likely happiness is attained (Gruber, 

Mauss, & Tamir, 2011). At the same time, although not all psychological interventions 

designed to increase positive affect have been successful (see Parks & Biswas-Diener, 2013), 

there are several evidence-based interventions for improving happiness (for reviews, see 

Bolier et al., 2013; Sin & Lyubomirsky, 2009). Particularly promising are interventions that 

promote hypo-egoic states (e.g., spending money on others, expressing gratitude, performing 

acts of kindness, practicing lovingkindness meditation; Dunn, Aknin, & Norton, 2008; 

Emmons & McCullough, 2003; Fredrickson, Cohn, Coffey, Pek, & Finkel, 2008; for 

reviews, see Brown & Leary, 2016; Sin & Lyubomirsky, 2009).

Among these, mindfulness meditation, which has been described as a practice of (1) 

monitoring present-moment experiences (2) with an orientation of acceptance (Bishop et al., 

2004), has been shown to increase positive affect in daily life (Davis & Zautra, 2013; 

Fredrickson et al., 2017; Garland, Geschwind, Peeters, & Wichers, 2015; Geschwind, 

Peeters, Drukker, van Os, & Wichers, 2011). Although mindfulness meditation does not 

involve intentionally generating positive thoughts and feelings, recent theorizing posits that 

positive affect, growth, and flourishing can emerge following mindfulness practice (Garland, 

Farb, Goldin, & Fredrickson, 2015a). Still, little is known about the underlying mechanisms 

of mindfulness training that promote positive affective experience. How do commonly used 

mindfulness interventions, which train skills in monitoring and acceptance of present-

moment experience, enhance positive affect?
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Monitor and Acceptance Theory (MAT) is a new theoretical account that offers two 

competing predictions about how the basic components of mindfulness interventions – 

monitoring and acceptance skills – interact to impact affective outcomes (Lindsay & 

Creswell, 2017). This account proposes that on one hand, monitoring by itself might be 

enough to boost positive affect: practice in maintaining ongoing awareness of present-

moment sensory and perceptual experiences might enhance the vividness of affective 

stimuli, both positive and negative (the Monitor Only hypothesis). On the other hand, both 

monitoring and acceptance may be necessary: practice in orienting toward all momentary 

sensory experiences with acceptance, openness, and receptivity may facilitate a broadened 

scope of awareness that affords greater access to positive experience (the Monitor + Accept 

hypothesis). The opening quote echoes this latter hypothesis, emphasizing how an open and 

accepting lens changes perceptions in ways that encourage greater appreciation of 

experiences (Kabat-Zinn, 1990), thus boosting positive affect. To test these competing 

mechanistic predictions, we conducted two three-arm randomized controlled trials (RCTs) 

that each compare a full mindfulness intervention (Monitor+Accept) to a mindfulness 

intervention without acceptance skills training (Monitor Only) and a control intervention 

(Study 2) or no treatment (Study 1). These studies are the first to experimentally dismantle 

the underlying mechanisms of mindfulness interventions for promoting positive affect, 

specifically testing whether training in monitoring skills only is sufficient for increasing 

positive affect (the Monitor Only hypothesis) or whether training in both monitoring and 

acceptance are necessary (the Monitor + Accept hypothesis, our primary hypothesis).

Mindfulness and Emotional Experience

Positive emotions serve an important function independent of negative emotions. Positive 

emotions broaden the scope of attention (Fredrickson & Branigan, 2005), allow for more 

flexible thoughts and behaviors, and build personal resources that translate to better health, 

personal fulfillment, and more positive emotions (Fredrickson, 1998). The evolutionary 

function of positive emotions is thought to be this capacity to build resources, including 

knowledge, skills, and social connections that improve one’s long-term odds of survival and 

flourishing (Fredrickson, 1998). Importantly, the presence of positive emotions is more 

predictive of resilience, life satisfaction, and physical health than the absence of negative 

emotions (e.g., Cohen et al., 2006; Cohn et al., 2009). Further, the absence or reduction of 

negative emotions does not necessarily lead to the generation of positive emotions (Watson 

& Clark, 1997), and negative and positive emotions often exist simultaneously in daily life. 

For example, in contexts that elicit negative emotions, the ability to access and experience 

positive affect can buffer against stress (Aschbacher et al., 2012; Ong et al., 2006), aid in the 

emotional and physiological recovery from stress (Fredrickson & Levenson, 1998; Tugade 

& Fredrickson, 2004), and promote resilience (Cohn et al., 2009; Folkman & Moskowitz, 

2000). All of these outcomes serve to further encourage positive emotions, and positive 

emotions tune the attentional system to perceive more positive cues (Fredrickson & Joiner, 

2002; Garland, Farb, Goldin, & Fredrickson, 2015b). Altogether, interventions that 

effectively promote positive emotions are of considerable value for supporting health and 

well-being.
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Yet a person’s trait level of positive emotionality may be difficult to change (see 

Lyubomirsky, Sheldon, & Schkade, 2005). First, there is substantial genetic heritability 

(~40-50%) in a person’s set level of happiness (e.g., Bartels & Boomsma, 2009). Second, 

acute changes in happiness in response to external events often return to this set point, an 

effect known as the ‘hedonic treadmill’ (Brickman & Campbell, 1971; Diener, Lucas, & 

Scollon, 2006). Despite these challenges to increasing positive emotions, longitudinal 

evidence suggests that a subset of people do report increases in happiness (including positive 

emotional experience) over time (Fujita & Diener, 2005).

Promisingly, mindfulness interventions have shown initial efficacy for increasing positive 

affect. However, there are some methodological limitations within this small body of 

literature (Goyal et al., 2014). Evidence that mindfulness interventions increase positive 

affect largely relies on retrospective reporting of global positive affect (e.g., Bower et al., 

2015; Chang et al., 2004; Howells, Ivtzan, & Eiroa-Orosa, 2016; Nyklicek & Kuijpers, 

2008; Schroevers & Brandsma, 2010) and few of these studies are well-controlled (cf. Jain 

et al., 2007; Zautra et al., 2008). Yet retrospective report of global affect is often an 

inaccurate reflection of experienced emotional states, with negative emotions tending to 

outweigh positive emotions in memory (Thomas & Diener, 1990). In contrast, ambulatory 

assessment approaches (Smyth, Juth, Ma, & Sliwinski, 2017) suffer much less from 

retrospective memory biases, tap affective experiences in real world contexts, and are more 

predictive of health outcomes (Conner & Feldman Barrett, 2012). To date, three studies have 

shown that 6- to 8-week mindfulness-based interventions can increase positive affect in daily 

life in patient populations (depressive symptoms: Geschwind et al., 2011; fibromyalgia: 

Davis & Zautra, 2013) and in healthy adults (Fredrickson et al., 2017). The current studies 

extend these findings in two stressed community adult samples. For three days at pre- and 

post-intervention, a smartphone ambulatory assessment approach was used to measure 

positive affect in daily life using both ecological momentary assessments (EMA) and diary 

assessments. Specifically, momentary affective states were assessed repeatedly throughout 

the day using EMA (e.g., “how positive are you feeling right now?”). Second, specific types 

of positive affect (happiness, calm, vigor) experienced throughout the day were assessed 

each evening using end-of-day diaries.

In the same assessment battery, we also tested secondary predictions about how the 

components of mindfulness training impact momentary negative affect and specific types of 

negative affect (depression, anxiety, hostility) experienced in daily life. A larger body of 

research has investigated the effects of mindfulness interventions on decreasing negative 

affect, with evidence that mindfulness practice from 5 minutes to 8 weeks reduces negative 

affectivity (Keng, Smoski, & Robins, 2011; Khoury et al., 2013; Schumer, Lindsay, & 

Creswell, in press). However, some well-controlled studies suggest that mindfulness 

interventions are no more effective than active control interventions for reducing negative 

affect (e.g., Davis & Zautra, 2013). It is possible that mindfulness interventions might 

reduce reactivity to negative emotional experience (e.g., Brown, Goodman, & Inzlicht, 

2013), thus reducing negative affect in daily life, but it is also possible that mindfulness 

interventions have no relative advantage over placebo-matched active control interventions 

for reducing negative affect. We aimed to address this open question in Study 2.
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Psychological Mechanisms: How Monitoring and Acceptance Impact 

Affective Experience

Mindfulness is a practice of monitoring ongoing experiences as they occur in the present 

moment (i.e., monitoring), and approaching these experiences with openness, curiosity, and 

equanimity (i.e., acceptance). Although there are many ways to practice mindfulness, one 

common illustrative mindfulness meditation practice involves focusing attention on body 

sensations. Participants are first invited to monitor their momentary body experiences: 

detecting each sensation as it arises, unfolds, and passes; noting the qualities of each 

sensation (e.g., muscular, breath, skin, or other physical sensations; emotional sensations of 

tension or excitement; pressure, pain, or itch; tingling, radiating, or pulsing; patterns of 

movement or stability); noticing when attention wanders away from body sensations (e.g., to 

thoughts or external stimuli); and bringing attention back to monitoring body sensations. It 

is common for the mind to drift away from focusing on the body, and practice in repeatedly 

bringing attention back to the body develops skill in monitoring. It is also common for 

monitoring practice to be effortful, uncomfortable, or frustrating as attention continues to 

wander or narrow in on feelings of agitation or discomfort in the body. When these 

emotional reactions and evaluations occur, participants are trained to bring an accepting 

orientation to their experience, allowing these distractions to occur in the background while 

gently refocusing attention on present-moment body experience. Acceptance is described as 

a permission to fully experience what’s happening as it happens without getting caught up in 

or attached to the content of what’s happening (i.e., non-interference with pleasant and 

unpleasant sensory experience alike; Desbordes et al., 2015; Young, 2016). Practice involves 

welcoming all types of body sensations into awareness with a detached interest; allowing 

each sensation to occur, unfold, and pass without evaluating or trying to change it; and 

maintaining an attitude of gentle matter-of-factness when attention wanders away and is 

brought back to the body. Acceptance is a middle way between suppression (i.e., attempting 

to avoid or deny unpleasant experiences like itches or pain) and identification (i.e., fixating 

or holding on to certain experiences) with sensory experiences. Metaphorically, acceptance 

is the psychological equivalent of reducing friction in a mechanical system, reducing 

resistance in an electrical circuit, or reducing stiffness in a spring (Young, 2016). 

Experientially, orienting toward one’s experience with acceptance creates a sense of 

openness, broadening the scope of awareness and freeing attention to notice and savor 

pleasant experiences in the moment.

In addition to formal meditation practice, monitoring and acceptance skills can also be 

intentionally practiced in daily life by bringing receptive attention to ongoing experience 

while doing a routine activity (e.g., washing dishes). Over time, this way of mindfully 

relating to experiences may begin to arise automatically. Mindfulness skills contrast with 

common tendencies to become lost in thought (in opposition to present-focused monitoring 

skills) and to evaluate and engage with the content of thoughts and feelings (in opposition to 

acceptance skills). Indeed, rather than approaching all experiences with openness and 

acceptance regardless of their valence (Desbordes et al., 2015), people often attempt to chase 

after or prolong positive experiences and fixate on or suppress negative experiences in 

accordance with their self-views (e.g., Swann, 1983). These tendencies are magnified during 
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periods of stress, which tends to narrow attention to focus on stress-relevant stimuli to the 

exclusion of pleasant and neutral stimuli (Derryberry & Tucker, 1994). In all of these cases, 

acceptance begins to transform how one relates to present-moment experiences, ultimately 

changing the scope of attention and the nature of experience. By not over- or under-

identifying with affective experiences, acceptance facilitates a broadening of awareness to 

include a wide array of positive stimuli that can be monitored and appreciated in the 

moment. Mindfulness is not about chasing happiness, but this lack of attachment to emotion-

enhancing goals may be precisely why it is effective.

Attention monitoring and acceptance are the two basic components described in numerous 

scientific definitions of mindfulness (e.g., Bishop et al., 2004) and the two unique elements 

of mindfulness interventions that distinguish them from other therapeutic interventions 

(Lindsay & Creswell, 2017). Although mindfulness is canonically described as a state of 

clear awareness (Quaglia, Brown, Lindsay, Creswell, & Goodman, 2014), acceptance 

training is considered an integral part of third-wave acceptance- and mindfulness-based 

interventions (Hayes, 2004; Mennin, Ellard, Fresco, & Gross, 2013). The present 

dismantling studies are the first to experimentally test the role of acceptance training on 

affective processes by removing acceptance instruction from mindfulness interventions.

MAT offers two competing predictions about how monitoring and acceptance skills impact 

affective experience: the Monitor Only hypothesis and the Monitor + Accept hypothesis. 

First, the Monitor Only hypothesis posits that learning to monitor present-moment 

experiences by itself enhances both positive and negative affect (Lindsay & Creswell, 2017). 

By bringing greater awareness to present-moment sensory experiences (e.g., body 

sensations, mental images and dialogue, sounds in the environment), attention monitoring 

has been theorized to intensify both positive and negative affective experiences (Lindsay & 

Creswell, 2017). The self-reported trait tendency to monitor present experiences, 

operationalized as scoring higher on the “Observing” subscale of the Five Facet Mindfulness 

Questionnaire (Baer, Smith, Hopkins, Krietemeyer, & Toney, 2006), has been associated 

with greater psychological distress among non-meditators (e.g., Brown, Bravo, Roos, & 

Pearson, 2015; Desrosiers, Vine, Curtiss, & Klemanski, 2014; Hamill, Pickett, Amsbaugh, & 

Aho, 2015; Pearson, Lawless, Brown, & Bravo, 2015). In some cases, however, this 

tendency has also been associated with positive happiness-related outcomes (e.g., higher 

satisfaction with life and personal growth; Chopko & Schwartz, 2009; Christopher & 

Gilbert, 2010). Moreover, at the within-person level, at moments when people report 

focusing on the present, they report higher concurrent positive affect (Felsman, Verduyn, 

Ayduk, & Kross, 2017; Killingsworth & Gilbert, 2010). Still, it is possible that the reverse is 

also true; positive affect may encourage greater focus on the present moment. Overall, 

evidence on the affective consequences of monitoring is mixed, linking self-reported 

monitoring skills to both positive and negative affective outcomes, and highlighting the need 

for experimental manipulation of monitoring training in isolation. In sum, if the Monitor 

Only hypothesis is true, learning monitoring skills alone should increase both positive and 

negative affect relative to control groups, with no added advantage of acceptance skills 

training for increasing positive affect.
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A second possibility – and our primary prediction – is that learning to accept one’s present-

moment experiences (i.e., monitoring with acceptance) is key for increasing positive affect 

through mindfulness interventions (the Monitor + Accept hypothesis). The term 

“acceptance” is used in a variety of ways in scholarly literature, but as conceptualized here, 

it is defined as a receptive and nonreactive orientation toward momentary experiences, an 

attitude that allows all inner and outer experiences—pleasant, unpleasant, or neutral—to 

arise and pass without interference. There is some indication that experiential acceptance 

promotes positive emotional experience (Kashdan, Barrios, Forsyth, & Steger, 2006; 

Kashdan & Breen, 2007; Kratz, Davis, & Zautra, 2007), although acceptance by itself may 

not be sufficient for enhancing positive affect (Ford, Lam, John, & Mauss, 2017). Instead, 

MAT posits that monitoring and acceptance skills work synergistically to boost positive 

emotions (Lindsay & Creswell, 2015). Bringing an attitude of acceptance and receptivity 

toward momentary experiences may broaden awareness and open individuals to the many 

positive stimuli available in daily life, increasing positive affect overall. Indeed, though 

many people report a higher proportion of positive than negative affective experiences in 

daily life (Carstensen et al., 2011), the tendency to be experientially avoidant or judgmental 

can reduce one’s capacity to notice and enjoy positive emotions (Machell, Goodman, & 

Kashdan, 2015). Furthermore, without training in acceptance, practice in monitoring present 

moment experience may narrow the focus of attention onto negative thoughts and feelings 

while excluding neutral and pleasant cues that are otherwise available (Derryberry & Tucker, 

1994; Farb et al., 2010). Likewise, the desire to prolong positive experiences can also narrow 

attention in the attempt to cling to remnants of positive moments, again to the exclusion of 

spontaneous pleasant stimuli (Lindsay & Creswell, 2015). In both cases, attentional biases 

disrupt the natural flow of affective experience. In contrast, orienting toward all experiences 

with receptivity, openness, and acceptance may reduce these attentional biases (Kiken & 

Shook, 2011), broaden awareness (Garland, Hanley, Goldin, & Gross, 2017), and afford 

greater access to positive stimuli that might otherwise go unnoticed. Allowing oneself to 

engage and disengage with positive, negative, and neutral experiences equally may make 

negative experiences less overpowering (Catalino, Arenander, Epel, & Puterman, 2017), and 

subtle pleasant somatic sensations and emotions may become more perceptible (Farb et al., 

2010). Overall, the Monitor + Accept hypothesis predicts that training in both monitoring 

and acceptance skills should increase positive affect and decrease negative affect relative to 

monitoring skills training alone and control groups.

Overview of experimental approach

The present studies employed a dismantling paradigm, an approach that has been 

recommended to identify the active components of mindfulness interventions (Britton et al., 

2017; Davidson & Dahl, 2017; Williams et al., 2014; Williams, Russell, & Russell, 2008). 

Here we experimentally dismantled acceptance training from standard mindfulness 

interventions to clarify the underlying mechanisms of mindfulness training for increasing 

positive affective experience. Informed by MAT, we offer two competing predictions. First, 

our primary prediction is that training in both monitoring and acceptance skills will increase 

positive affect (and decrease negative affect) compared to training in monitoring skills only, 

with no advantage of monitoring skills training only over control groups (the Monitor + 
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Accept hypothesis). Alternatively, training in monitoring skills only may be sufficient for 

increasing positive affect relative to control groups (but may also increase negative affective 

experiences), with no added benefit of training in both monitoring and acceptance skills for 

increasing positive affect (the Monitor Only hypothesis).

We concurrently conducted two RCTs to test these hypotheses. In both RCTs, mindfulness 

instructions were dismantled into two structurally equivalent interventions: (1) Monitor + 

Accept (MA), which modeled commonly used, secular mindfulness training with instruction 

in both monitoring and acceptance, and (2) Monitor Only (MO), which involved instruction 

in monitoring but not acceptance techniques. In Study 1, the interventions were adapted 

from the 8-week group-based Mindfulness-Based Stress Reduction program (MBSR; Kabat-

Zinn, 1982, 1990) and compared to a No Treatment control condition (NT control). In Study 

2, we developed three matched 2-week smartphone interventions; MA and MO were based 

on the Unified Mindfulness system (Young, 2016) and were compared with an active control 

program that instructed neither monitoring or acceptance (Coping control). This smartphone 

format provided maximal experimental control in isolating the components of mindfulness 

training and further controlled for many non-mindfulness-specific treatment components 

(e.g., placebo expectancies, daily time and effort, instructor effects, social environment).

Both studies used a two-pronged ambulatory assessment approach to assess momentary 

positive and negative affective states via EMA and discrete types of positive and negative 

affect (happiness, calm, and vigor; depression, anxiety, and hostility) experienced 

throughout the day via end-of-day diary. This approach is sensitive to dynamic affective 

processes that occur in a person’s natural environment, and tested for changes in both 

momentary and end-of-day positive and negative affect from pre- to post-intervention.

Taken together, these studies allow us to explore questions surrounding theoretically-guided 

mechanisms of mindfulness training (the role of acceptance in promoting positive affect), 

training length (whether 2- and 8-week mindfulness trainings produce similar effects), and 

context (whether at-home smartphone-based mindfulness training is similarly effective as in-

person group-based mindfulness training).

Study 1

Study 1 dismantled monitoring and acceptance training components in the standardized 8-

week MBSR program, with MA emphasizing acceptance content and acceptance instruction 

removed from MO. Stressed community adults were randomly assigned to one of three 

conditions: (1) MA, with instruction in both monitoring and acceptance, (2) MO, with 

instruction in monitoring only, or (3) NT control, an eight-week waiting period between 

assessments with no training. Positive and negative affect were assessed in daily life for 

three days before and after the intervention period using both momentary assessments and 

end-of-day diaries. Our primary Monitor+Accept prediction was that MA participants would 

show increases in positive affect relative to MO and NT participants, whereas MO would not 

differ from NT control participants.
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Methods

Participants—There were 137 stressed community adults between the ages of 18-67 

(Mage=381, SD=13) enrolled in the study (see Table 1A for baseline characteristics). 

Participants were recruited via participant registries, community advertisements, and mass 

emails to local organizations for a study testing an 8-week training program for stress 

reduction and well-being. Of the 137 randomized participants, 124 completed at least one 

post-intervention daily diary and 125 completed at least one post-intervention momentary 

assessment (see Figure 1A for CONSORT flow chart). N=133 participants were included in 

diary analyses and 136 were included in momentary assessment analyses.

The study design and outcomes described here were pre-registered with Clinical Trials 

identifier NCT02502227; hypotheses were guided by MAT (Lindsay & Creswell, 2015, 

2017). This report describes positive and negative affect outcome data from ambulatory 

assessments at baseline and post-intervention. Eligible participants were fluent English-

speaking smartphone owners (Android or iPhone) between the ages of 18-70 years who 

scored >5 on the 4-item Perceived Stress Scale (reflecting higher-than-average perceived 

stress; Cohen, Kamarck, & Mermelstein, 1983; Cohen & Williamson, 1988; Warttig, 

Forshaw, South, & White, 2013). As blood and saliva samples were collected in the parent 

trial, participant exclusion criteria included: chronic mental or physical disease; 

hospitalization for mental or physical illness in the past 3 months; medication use that 

interferes with hypothalamic-pituitary-adrenal axis (HPA) or immune system functioning; 

current antibiotic, antiviral, or antimicrobial treatment; current oral contraceptive use or 

pregnancy; recreational drug use; and bloodborne pathogen risk due to travel to countries on 

the CDC travel alert list in the past 6 months. Finally, in order to test the effects of 

developing mindfulness skills in a novice population, those reporting a regular systematic 

mindfulness meditation or related mind-body practice (>2 times per week or >90 minutes 

per week) were excluded. Written informed consent was obtained from all participants, and 

all study procedures were approved by the Carnegie Mellon University IRB. Study data was 

collected between August 2015 and November 2016. Trial enrollment concluded as planned 

following the launch of the third cohort because recruitment goals had been reached.

The sample size was determined based on power calculations for primary stress reduction 

outcomes of the larger trial. Specifically, previous mindfulness interventions have 

demonstrated medium-large effect sizes (~η2=0.06-0.18) for both daily stress (pre-post 8-

week mindfulness intervention: Carson, Carson, Gil, & Baucom, 2004) and stress reactivity 

outcomes (post 3-session mindfulness vs. active control intervention: Creswell, Pacilio, 

Lindsay, & Brown, 2014). Based on pilot data available at the time of grant writing that 

compared brief MA vs. MO interventions (Rahl, Lindsay, Pacilio, Brown, & Creswell, 

2017), we conservatively estimated a small effect size (η2=0.02) for comparing the two 

active mindfulness training programs on changes in psychological stress (i.e., a group × time 

interaction). We estimated a pre-post correlation of .60 and a conservative two-tailed Type I 

error rate of .05. To achieve 90% power, G*Power calculated a total of N=120 participants 

1Age was missing from one participant; age average based on N=136 participants.
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needed to test the primary study aims using omnibus tests. The ambulatory assessment data 

reported here were not analyzed until the complete dataset was collected.

Additionally, power was maximized by encouraging adherence to the interventions and 

compliance to the outcome assessments. Adherence was encouraged through reminder 

phone calls and text messages, as well as monetary incentives. Participants in the 

intervention programs received $50 for attending 4 classes, $75 for attending 6 classes, $125 

for attending 8 classes. To encourage compliance with ambulatory assessments, participants 

received $15 base compensation plus an additional maximum of $15 for compliance with 

the ambulatory assessment protocols at baseline and $45 base compensation plus an 

additional maximum of $25 for compliance at post-intervention.

Procedure

Overview: As part of a three-arm randomized controlled trial, interested participants 

completed screenings for eligibility both via telephone and at an in-person baseline 

appointment. During this baseline appointment, eligible participants provided a dried blood 

spot (DBS) sample, completed a questionnaire and task battery, and were oriented to the 

study’s schedule and activities. Participants then completed three consecutive days of pre-

intervention ecological momentary assessments (EMA) and daily diary assessments (see 

Measures). Next, participants were allocated into one of three study conditions using a 

computerized random number generator in simple randomization with a 3:3:2 ratio, with the 

ratios corresponding to MA, MO, and NT, respectively. Randomization procedures were 

implemented separately for each cohort (N=42; N=55; N=40). Allocation sequence was 

concealed, such that only author AGCW had access to the sequence and otherwise was not 

involved with the running of the study and had no contact with participants other than to 

assign them to the next condition in the randomization sequence. At the end of classes 1, 4 

and 8 of the intervention, participants in the active treatment groups completed a 

questionnaire battery that included a measure of Treatment Expectancies (see Measures). 

Immediately following the last class of the 8-week intervention period (see Intervention 

Programs), participants completed three consecutive days of post-intervention EMA and 

diary assessments. Finally, participants returned to the laboratory for a post-intervention 

assessment and to be debriefed, informed of the study’s primary aims, and compensated for 

their participation. Other outcomes from this trial will be reported in separate papers.

Ecological Momentary Assessment and Diary Assessments: Ambulatory assessment 

approaches sample participants’ experiences in their natural environment, and are sensitive 

to dynamic and transient affective processes in daily life (Shiffman, Stone, & Hufford, 

2008). A two-pronged ambulatory assessment approach was used to measure both 

momentary affective states (EMA) and end-of-day positive and negative affect (diary). EMA 

provided snapshots of state affect in real time whereas daily diary assessments measured 

specific types of positive and negative affect experienced throughout the day (see Measures).

Both EMA and daily diary assessments were administered on participants’ personal 

smartphones using Qualtrics software delivered through SurveySignal text links (Cohort 1; 

Cohorts 2 & 3 post-intervention surveys) or MetricWire software (Cohorts 2 & 3 baseline 
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surveys) 2. Participants were prompted to complete EMA surveys at five quasi-random times 

each day (yielding up to 30 momentary assessments in total across the pre- and post-

intervention period). Text links were sent during each of five 2-hour blocks distributed 

between 9:00am and 7:00pm, with links expiring after 45 minutes. Participants were 

prompted to complete daily diary surveys at 8:30pm each day (providing up to 6 daily diary 

assessments in total across pre- and post-intervention); links were sent at 8:30pm and 

remained active until 11:30pm. Participants were trained on how to complete ambulatory 

assessment items during the baseline study appointment. For both pre- and post-intervention 

ambulatory assessments, sampling began on a Wednesday and concluded on a Friday.

Materials

Intervention Programs: Participants were randomly assigned to one of three study 

conditions: 8-week Monitor+Accept MBSR intervention (MA; the standard MBSR 

intervention), 8-week Monitor Only modified MBSR intervention (MO), or a no treatment 

control condition (NT). The MA and MO intervention programs are described in detail 

below.

The study was run in three cohorts ranging in size from 40-55 participants. Intervention 

class sizes ranged from 15-22 participants. All classes were taught by two instructors 

(authors CG and DB) who were counterbalanced across cohorts (MA was taught by DB in 

Cohorts 1 and 3 and by CG in Cohort 2; MO was taught by CG in Cohorts 1 and 3 and by 

DB in Cohort 2). Both instructors maintained their own personal meditation practice (23 

years, 10 years) and were Certified (CG) or Qualified (DB) MBSR teachers who had 

completed all MBSR teacher-training programs at the University of Massachusetts Center 

for Mindfulness (see “Center for Mindfulness - UMass Medical School”). Together, they had 

16 years of experience teaching MBSR. Because the instructors also developed the modified 

MO program, they were not completely blind to the general study hypotheses, but were 

unaware of the specific measures used to test hypotheses.

Monitor & Accept (MA): The MA program adhered to the MBSR curriculum except for the 

length of each class, which was 2 hours. MBSR is a standardized group-based program 

consisting of 8 weekly 2.5-3-hour group sessions, 1 day-long retreat during the sixth week, 

and approximately 45 minutes of guided home practice six days per week. During each 

group session, an MBSR instructor leads guided mindfulness meditations intended to (1) 

foster the ability to intentionally pay attention to, or monitor, one’s present-moment 

experiences (including pleasant, unpleasant, and neutral experiences), and (2) cultivate an 

open, accepting, and nonjudgmental attitude while doing so (e.g., “Noticing what is present 

now, in body sensations, emotions, or thoughts… and allowing it to be there as best we 

can… not trying to change or improve what is present”). Guidance and group discussions 

also encourage purposeful attention monitoring with an open, non-interfering attitude in 

everyday life; over time, unhelpful habits of reacting to stress may be recognized and 

monitored non-judgmentally (including the habit of self-judgment). Home practice 

2A portion of scheduled baseline surveys were never delivered to participants in Cohort 2 due to a technical problem with MetricWire 
software, resulting in data missing completely at random (MCAR).
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recordings guide participants through body awareness, mindful movement, seated 

meditation, and brief awareness exercises during daily life. In this study, and in standard 

MBSR, the instructors followed scripts to record their own home practice audios so that 

participants could be guided by their regular teacher.

Monitor Only (MO): The MO program was adapted from the standard MBSR program. 

Monitoring, or training oneself to sense and observe one’s experience, is explicitly taught in 

standard MBSR and in the MO intervention in this study. Participants were invited to focus 

their attention on an aspect of their present moment experience (e.g., breathing or other body 

sensations). They were asked to notice when their attention wandered, and to return it to the 

direct perception of the focus object. The MO adaptations of the MBSR program consisted 

primarily of 1) changes in language and 2) an emphasis on concentration practices rather 

than open awareness meditation practices. First, changes in language included avoiding use 

of the phrases: allow, accept, acceptance, being with, letting go of judgment, non-judgment, 

non-interference, and instead referring to: direct perception, observe, monitor, return to the 

anchor (e.g., of breath sensation). Second, the MO program emphasized concentration and 

the development of focused attention and reorienting skills when aware of distraction (e.g., 

anchoring to breath or body sensation to ‘return home’ to the present moment). Focused 

attention was also discussed as a resource for coping with stressful events. Choiceless 

awareness and lovingkindness meditation, practices in the standard MBSR curriculum that 

emphasize an attitude of acceptance and openness, were not included in the MO program. 

The amount of class time spent in meditation practice was equivalent in MA and MO 

programs. MO participants also completed a retreat day and 45 minutes of home practice 

each day, again guided by standardized recordings from their class instructor. Of note, 

although the language and practices associated with acceptance were excised as much as 

possible from MO, the teachers embodied the acceptance and inclusion that are essential to 

cultivating a safe learning environment for participants.

The MO program was adapted from standard MBSR curriculum by coauthors (CG, DB) in 

consultation with a former senior teacher at the UMass Center for Mindfulness (Melissa 

Myozen Blacker, MA, Roshi) and utilizing meditation literature (Foust, 2014; Goenka, 

1994; Trungpa, 2005; Young, 2016). To minimize contamination (i.e., acceptance content), a 

MO curriculum guide was used by both teachers that included learning intentions, themes, 

session activities, and facilitator intentions. The curriculum guide included specific 

reminders regarding language and focus on concentration and monitoring practices. The MO 

teachers recorded meditations for home practice that did not include acceptance language 

(e.g., letting go of judgment, allowing, accepting, opening to, being with, non-interference). 

Teachers met briefly prior to each session in order to review curriculum.

No Treatment (NT): Participants assigned to the no treatment control group completed 

assessments at baseline and post-intervention (compliance was encouraged through check-in 

phone calls), and did not receive an intervention program.
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Measures

Ecological Momentary Assessment of State Positive and Negative Affect: Momentary 

positive and negative affect in daily life were assessed on participants’ smartphones five 

times daily for three days pre- and three days directly post-intervention. Positive and 

negative affect were assessed independently using a single item each (“Just before this 

survey, how [positive/negative] was your emotional state or mood?”). Responses were 

provided on a 1 (not at all) to 7 (extremely) Likert scale. Higher values indicate higher 

positive affect or higher negative affect.

Positive and Negative Affect Diary: Positive and negative affect were assessed in greater 

detail at the end of each day for three days both pre- and post-intervention using a previously 

validated scale (Cohen et al., 2003; Usala & Hertzog, 1989). Using a seven-point Likert 

scale ranging from 1 (not at all) to 7 (extremely), participants rated how well each of 18 

adjectives (9 positive adjectives, 9 negative adjectives) described how they felt on average 

across the entire day. Positive affect adjectives were divided into three subscales: happiness 

(happy, pleased, cheerful), calm (calm, at-ease, relaxed), and vigor (lively, full-of-pep, 

energetic). Negative affect adjectives were also divided into three subscales: anxiety (on 

edge, nervous, tense), depression (sad, depressed, unhappy), and hostility (hostile, resentful, 

angry). Eight composite affect scales were created: an overall positive affect scale, the 

average of all nine positive adjectives (average Cronbach’s α=.94 across six daily diary 

days); an overall negative affect scale, the average of all nine negative adjectives (average 

α=.88); three positive adjective subscales (average happiness α=.90; average calm α=.88; 

average vigor α=.89); and three negative affect subscales (average anxiety α=.77; average 

depression α=.88; average hostility α=.79). Higher values reflect higher positive or negative 

affect.

Intervention and Home Practice Adherence: Attendance at each of the eight classes and the 

day-long retreat was recorded via sign-in sheet. This was used to calculate the total number 

of classes attended for each participant. Home practice audio files were distributed each day 

using Qualtrics links that automatically recorded the duration of time each link was open. 

Durations longer than each audio recording were considered outliers, and were replaced with 

the actual duration of the audio recording (45 minutes). These daily durations were summed 

across the eight-week intervention to calculate the total amount of home practice. In 

addition, the total number of Qualtrics practice sessions was summed to create a second 

home practice outcome.

Treatment Expectancies: To evaluate whether the training programs produced equivalent 

perceived treatment benefits, participants completed an adapted 6-item Credibility/

Expectancy Questionnaire (Devilly & Borkovec, 2000) to assess their beliefs about the 

efficacy of the training program after class at Weeks 1, 4, and 8. Cognitive (e.g., “how 

successful do you think this program will be in reducing your stress symptoms?”) and 

emotional (e.g., “how much improvement in your symptoms do you think will occur?”) 

subscales were averaged to create an overall measure of positive treatment expectancies 

(Cronbach’s α=.91, .92, and .91 at Weeks 1, 4, and 8 respectively).
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Analyses

Overview: Analyses were conducted using SPSS Statistics 24.0 (IBM, Armonk, New York) 

and Stata 14.2 software (StataCorp, College Station, Texas). Preliminary analyses conducted 

in SPSS tested for condition differences in demographics and other baseline characteristics 

using chi-square (for categorical variables) and ANOVA tests (for continuous variables). 

Cohort (1, 2, or 3) and instructor (0=NT, 1=DB, or 2=CG) were included as covariates in all 

models; because instructor is collinear with condition in the No Treatment group, the linear 

form of the instructor variable was entered into models. Treatment expectancies, treatment 

and homework adherence, and ambulatory assessment compliance were evaluated as 

covariates using ANOVA to test for significant condition differences.

Ambulatory assessment analyses: To test primary ambulatory assessment predictions, 

multilevel mixed-effect linear models (MLMs) tested for time (pre or post) × condition 

(MA, MO, or NT) differences on the primary outcomes using the Stata Mixed procedure. 

These MLMs also calculate MA vs. MO, MA vs. NT, and MO vs. NT contrasts, which we 

report following significant time × condition interactions. Ambulatory assessment data have 

a nested structure; diary outcomes involve multiple observations (level 1) clustered within 

the same individual (level 2), and momentary assessment outcomes have multiple 

observations (level 1) collected within day (level 2) clustered within individual (level 3). 

MLMs are able to capture variability from all sources (within-individual, within-day, and 

between-individual). MLMs model all available data and provide unbiased estimates for data 

missing at random; thus, MLMs are robust to missing data.

The assumption of dependence in the data (i.e., that substantial variance exists at each level: 

within-individual, within-day, between-individual) was tested using unconditional models 

and examining intraclass correlations (ICCs). For diary-assessed positive and negative affect 

outcomes, empty 2-level models showed that 33-55% of the total variance occurred between 

individuals, while 45-67% of the variance occurred within individuals. For EMA affect 

outcomes, 20-36% of the total variance occurred between individuals, 5-7% was explained 

at the day-level, and 58-75% of the variance occurred within individuals. The substantial 

variance present at each level confirmed the dependent nature of the data. Thus, 2-level 

models were used for daily diary data and 3-level models were used for EMA data. 

Restricted Maximum Likelihood (REML) estimation was used for all models.

In sum, the diary outcome models followed the general equation:

Level 1:

Affectti = β0i + β1i Postti + rti

Level 2:

β0i = γ00 + γ01 MOi + γ02 NTi + γ03 Cohort2i + γ04 Cohort3i + γ05 Instructori + u0i

β1i = γ10 + γ11 MOi + γ12 NTi
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Reduced from:

Affectti = γ00 + γ01 MOi + γ02 NTi + γ03 Cohort2i + γ04 Cohort3i + γ05 Instructori + γ10 Postti +

γ11 MOi
∗ Postti + γ12 NTi

∗ Postti + u0i + rti

with β0i reflecting the intercept of affect for the reference group (MA) at pre-intervention 

compared to MO and NT, and β1i accounting for time (pre or post) and time × condition 

interactions. Study condition, cohort, and instructor (which varied at the individual level) 

were modeled at Level 2. The rti and u0i terms reflect error at the within- and between-

subjects levels, respectively.

EMA outcome models followed the general 3-level equation below, which also accounted 

for the clustering of observations within days. Time of day (first, second, third, fourth, or 

fifth survey), which varied at the observation level, was included at Level 1 to account for 

temporal dependency between proximal observations. Study condition, cohort, and 

instructor were modeled at Level 3. The rtdi, u0di, and u00i terms reflect error at the within-

subject, within-day, and between-subject levels, respectively.

Level 1:

Affecttdi = β0di + β1di TimeOfDaytdi + rtdi

Level 2:

β0di = β00i + β01i Post1di + u0di
β1di = β10i

Level 3:

β00i = γ000 + γ001 MO1i + γ002 NT2i + γ003 Cohort23i + γ004 Cohort34i + γ005 Instructor5i + u00i

β01i = γ010 + γ011 MO6i + γ012 NT7i
β10i = γ100

Reduced form:

Affectti = γ000 + γ001 MO1i + γ002 NT2i + γ003 Cohort23i + γ004 Cohort34i + γ005 Instructor5i +

γ010 Post1di + γ011 MO6i
∗ Post1di + γ012 NT7i

∗ Post1di + γ100 TimeOfDaytdi + u00i + u0di + rtdi

Within-group Cohen’s d effect sizes were calculated by dividing the pre-post mean 

difference in each condition by that condition’s pre-intervention standard deviation (Morris, 

2008) adjusted to account for the overall pre-post correlation for each outcome (see equation 

8 in Morris & DeShon, 2002; Wiseheart, 2013). Between-group Hedges’ g effect sizes and 
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confidence intervals were calculated using a bias-corrected equation that divides the 

differences between two group means (pre-post intervention mean differences) by the pooled 

standard deviation (using a calculator provided from the Centre for Evaluation & 

Monitoring, 2018).

Results

Preliminary Analysis: First, success of randomization on major demographic 

characteristics in the full randomized sample (N=137) was evaluated. There were no 

baseline differences in age, sex, race, ethnicity, or education between the three conditions 

(see Table 1A).

Second, condition differences in study attrition, treatment adherence, compliance with the 

ambulatory assessment protocol, treatment expectancies, and pre-intervention positive and 

negative affect were tested (see Table 2A). First, 92% of randomized participants completed 

the study, with no condition differences in number of drop-outs (χ2(2)=3.37, p=.186). Of the 

107 participants assigned to one of the two study interventions, 98 completed the 

intervention (91.6%). Participants who completed the intervention were highly adherent, 

with no condition differences in the number of classes attended (F(1,96)=0.00, p=.983). On 

average, participants attended 7.44 of the 9 possible classes (8 weekly classes plus the day-

long retreat). Moreover, 81 of 98 participants (82.7%) attended at least 6 of the 9 possible 

classes and only 9 participants (9.2%) attended fewer than half of the classes. MA 

participants tended to practice at home more than MO participants over the course of the 8-

week intervention (Mdiff = 2.85 hours), but home practice did not significantly differ 

between conditions (F(1,96)=2.97, p=.088). On average, participants logged 12 hours of 

home practice (in 26 practice sessions) during the 8-week intervention period. Controlling 

for total duration of home practice (in minutes) or frequency of home practice (in days) did 

not impact the results reported below.

There were no condition differences in compliance with the ambulatory assessment 

protocols at baseline (F(2,133)=0.91, p=.404) or post-intervention (F(2,133)=2.49, p=.087). 

In total, participants included in analyses completed 58% of surveys at baseline and 79% at 

post-intervention. Conditions were equivalent in baseline EMA and diary-assessed positive 

and negative affect ratings (Table 2A). Finally, treatment expectancy data was available from 

93% of MA and MO participants at Week 1, 89% at Week 4, and 89% at Week 8. There 

were no differences in treatment expectancies between MA and MO participants at any time 

point (Week 1: F(1,98)=0.15, p=.700; Week 4: F(1,93)=0.25, p=.617; Week 8: F(1,93)=0.10, 

p=.758), indicating that both groups had similar perceptions of treatment benefits throughout 

the intervention period.

Primary Analysis: This study predicted that MA participants would show increases in 

positive affect (primary Monitor + Accept hypothesis) and decreases in negative affect 

(secondary Monitor + Accept hypothesis) in daily life compared to MO and NT participants, 

and that MO and NT participants would not differ. To evaluate these predictions, we used 

MLMs to test for time × condition interactions on end-of-day diary-assessed affect 
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composites and momentary affect using all available data. When significant time × condition 

interactions were present, we report MA vs. MO, MA vs. NT, and MO vs. NT contrasts.

Positive affect: In end-of-day diary analyses, an MLM revealed a significant main effect of 

time (χ2(1)=25.01, p<.0005), no main effect of study condition across time points 

(χ2(2)=1.48, p=.477), and, consistent with predictions, a significant time × condition 

interaction for overall positive affect (χ2(2)=10.82, p=.005). Figure 2A depicts this 

interaction (see Table 3A for full MLM results). Both MA- and MO-trained participants 

showed significant increases in overall positive affect from baseline to post-intervention 

(MA mean change=0.71, p<.0005, d=.70; MO mean change=0.36, p=.003, d=.32) whereas 

control participants did not (NT mean change=0.08, p=.583, d=.06) (see Table 5A). As 

predicted by the Monitor+Accept hypothesis, MA participants showed significantly greater 

increases in overall positive affect compared to MO (χ2(1)=4.12, p=.043, g=.40) and NT 

participants (χ2(1)=10.35, p=.001, g=.73) (see Figure 3), whereas MO and NT participants 

did not differ (χ2(1)=2.02, p=.155, g=.33).

Exploratory sensitivity analyses then evaluated whether there were condition differences in 

subcategories of positive affect. Both MA and MO participants showed significant increases 

in feelings of calm (MA mean change=0.80, p<.0005, d=.75; MO mean change=0.58, p<.

0005, d=.48), whereas only MA participants showed significant increases in happiness (MA 

mean change=0.69, p<.0005, d=.58; MO mean change=0.28, p=.059, d=.20) and vigor (MA 

mean change=0.63, p<.0005, d=.56; MO mean change=0.25, p=.068, d=.20). NT control 

participants did not show increases on any of these subtypes of positive affect (happiness 

mean change=0.14, p=.435, d=.08; calm mean change=0.24, p=.159, d=.15; vigor mean 

change=−0.10, p=.557, d=−.06). There was a significant advantage of MA over MO in 

increasing happiness (χ2(1)=4.08, p=.043, g=.39), with no significant differences on 

increasing feelings of vigor (χ2(1)=3.71, p=.054, g=.37) or calm (χ2(1)=1.28, p=.257, g=.

22). MA participants showed significantly greater increases on all positive affect subscales 

compared to NT participants (happiness: χ2(1)=5.55, p=.019, g=.52; vigor: χ2(1)=10.96, 

p=.001, g=.73; calm: χ2(1)=6.29, p=.012, g=.56). MO and NT participants did not differ on 

any of these diary-assessed positive affect subscales (all ps>.10).

MLM analyses of momentary positive affect revealed a main effect of time across study 

conditions (χ2(1)=57.46, p<.0005), no main effect of study condition across baseline and 

post-intervention time points (χ2(2)=0.81, p=.666), and a significant time × condition 

interaction (χ2(2)=15.23, p=.001) (see Table 4A for full MLM results). Both MA- and MO-

trained participants showed significant increases in momentary positive affect from baseline 

to post-intervention (MA mean change=0.61, p<.0005, d=.61; MO mean change=0.49, p<.

0005, d=.43) whereas control participants did not (NT mean change=0.09, p=.434, d=.09) 

(see Table 5A). Although the magnitude of positive affect change was greater following MA 

compared to MO, there were no time × condition differences between these conditions 

(χ2(1)=1.25, p=.263, g=.22) (see Figure 3). MA participants showed significantly greater 

increases in state positive affect compared to NT participants (χ2(1)=15.10, p<.0005, g=.

95), as did MO participants relative to NT participants (χ2(1)=8.48, p=.004, g=.68).
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Negative affect: In analyses of end-of-day overall negative affect, an MLM revealed a 

significant main effect of time (χ2(1)=16.61, p<.0005), no main effect of study condition 

across time points (χ2(2)=0.17, p=.918), and a significant time × condition interaction 

(χ2(2)=8.70, p=.013) (see Table 3A for full MLM results). Both MA- and MO-trained 

participants showed significant decreases in overall negative affect from baseline to post-

intervention (MA mean change=−0.54, p<.0005, d=.58; MO mean change=−0.29, p=.008, 

d=.27), whereas control participants did not (NT mean change=−0.02, p=.859, d=.02). MA 

and MO participants did not significantly differ on change in overall negative affect 

(χ2(1)=2.54, p=.111, g=.31) (see Figure 3). However, MA participants showed significantly 

greater decreases in overall negative affect compared NT participants (χ2(1)=8.59, p=.003, 

g=.66), whereas MO and NT participants did not significantly differ (χ2(1)=2.29, p=.130, 

g=.35).

Consistent with changes in overall negative affect, both MA and MO participants showed 

significant decreases in anxiety (MA mean change=−0.79, p<.0005, d=.58; MO mean 

change=−0.62, p<.0005, d=.39) whereas control participants did not (NT mean change=

−0.19, p=.281, d=.10). MA participants also showed significant decreases in depression 

(MA mean change=−0.36, p=.011, d=.31) and hostility (MA mean change=−0.48, p<.0005, 

d=.51), whereas neither MO or control participants showed significant decreases in 

depression (MO mean change=−0.18, p=.214, d=.12; control mean change=−0.03, p=.881, 

d=.02) or hostility (MO mean change=−0.08, p=.506, d=.07; control mean change=0.15, p=.

309, d=−.12). These MLMs suggest that the advantage of MA over MO was specific to 

hostility (χ2(1)=5.33, p=.021, g=.45) rather than anxiety (χ2(1)=0.65, p=.420, g=.16) and 

depression (χ2(1)=0.82, p=.365, g=.18). MA showed an advantage over NT specifically for 

hostility (χ2(1)=10.75, p=.001, g=.73) and anxiety (χ2(1)=6.70, p=.010, g=.58) but not 

feelings related to depression (χ2(1)=2.16, p=.142, d=.33). MO did not significantly differ 

from NT on any negative affect subtype (anxiety: χ2(1)=3.50, p=.061, g=.42; depression: 

χ2(1)=0.44, p=.508, g=.15; hostility: χ2(1)=1.49, p=.222, g=.27).

For momentary negative affect, there was a main effect of time across study conditions 

(χ2(1)=30.53, p<.0005) such that all conditions on average showed significant decreases in 

negative affect from baseline to post-intervention (mean change=−0.28, p<.0005, d=.35). 

There was no main effect of study condition across baseline and post-intervention time 

points (χ2(2)=0.54, p=.764), and no time × condition interaction (χ2(2)=4.75, p=.093) (see 

Tables 4A and 5A).

Summary & Discussion—Study 1 provides the first indication that acceptance skills are 

an important component of mindfulness training for enhancing positive affect. Although 

both MA and MO participants showed significant increases in positive affect, end-of-day 

positive affect was enhanced significantly more following MA compared to MO training, 

and MO and NT participants did not differ. MA was particularly effective for elevating 

feelings of happiness (i.e., feeling happy, pleased, and cheerful). In contrast, there were no 

differences between MA and MO on momentary assessments of positive affect, although the 

pattern of this effect was consistent with end-of-day diary reports. It is possible that this 

EMA effect was smaller due to greater within-person variability in momentary positive 

affect throughout the day (compared to end-of day reports), less sensitivity to detect pre- to 
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post-intervention condition differences on a one-item positive affect measure (compared to a 

nine-item composite), or an added effect of acceptance on the endurance of positive 

emotions (e.g., monitoring might increase awareness of positive affective states, and 

acceptance training might additionally enhance the recall and/or impact of positive emotions 

experienced throughout the day). Overall, though, the evidence suggests that the inclusion of 

acceptance training more effectively boosts positive affect, with medium-large effects 

attributed to MA (ds=.61-.70) and small-medium effects attributable to MO (ds=.32-.43).

In contrast, there was little difference between MA and MO interventions on change in 

negative affect. Both MA and MO interventions decreased momentary negative affect and 

end-of-day diary negative affect from pre- to post-intervention. However, MA showed a 

significant advantage over MO for decreasing diary-assessed hostility, suggesting some 

additive benefit of acceptance skills training on negative affect.

Overall, Study 1 provides initial support for the primary Monitor + Accept hypothesis, 

showing that the inclusion of acceptance skills training has added benefit for boosting 

positive affect in mindfulness interventions. Interestingly, these effects were most robust for 

end-of-day reports of happiness, consistent with outside observer ratings of greater 

happiness among experienced meditators (Choi, Karremans, & Barendregt, 2012). In 

contrast, both MA and MO training decreased negative affect, with less evidence that the 

inclusion of acceptance training appreciably reduces negative affect. One open question not 

addressed in Study 1 is whether this reduction in negative affect is specific to mindfulness 

interventions or nonspecific factors (e.g., placebo expectancies), as we did not include an 

active treatment control condition in this RCT. Likewise, it is possible that increases in 

positive affect following both interventions were influenced by increases in social contact in 

this group-based format; social integration has been shown to promote positive affect 

(Cohen, 2004). The group-based format also introduces the possibility that acceptance 

themes emerged through monitoring practice and were introduced through group discussion, 

a potential source of contamination in isolating monitoring and acceptance instruction. A 

second limitation of Study 1 was participants’ lower than ideal compliance with survey 

completion, although participants did provide an average of 14 data points at post-

intervention. We sought to address these concerns in an active treatment-controlled 

replication trial.

Study 2

Study 2 extends the findings of Study 1 in several important ways. First, although every 

effort was made to control the content of the 8-week MO intervention, the group discussion 

format opens the possibility for contamination to occur around the theme of acceptance. For 

example, participants may have shared meditation experiences of sitting with physical or 

emotional discomfort and allowing it to be present without trying to push it away. By using 

smartphone interventions that deliver carefully isolated monitoring and acceptance content 

to individuals, Study 2 eliminates the possibility that acceptance themes were 

unintentionally instructed in the MO program. This smartphone format also isolates the 

basic skills of mindfulness from contextual factors that might play an active but nonspecific 

role in promoting mindfulness intervention benefits (e.g., social contact, which is a central 
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feature of MBSR but not a conceptual feature of mindfulness). Moreover, Study 2 controls 

for other nonspecific intervention factors, including treatment expectancies and placebo 

effects, daily time and effort dedicated to a practice goal, and instructor effects, by 

comparing MA and MO training to a structurally matched active control program. This 

Coping control program provided guidance in free-ranging reflection, analytic thinking and 

reappraisal, and problem-solving strategies; these elements encouraged past and future focus 

rather than present-moment monitoring, and active change strategies in contrast to 

acceptance skills. Finally, by testing the effects of 2-week interventions on positive affect, 

Study 2 begins to address questions about context and training length, such as whether an 

abbreviated dose of smartphone mindfulness training can produce comparable positive affect 

increases as 8-week group-based MBSR.

To test whether acceptance training plays a central role in increasing positive affect after two 

weeks of training, stressed adults were randomly assigned to receive one of three structurally 

equivalent smartphone programs: (1) MA, which modeled standard secular mindfulness 

training with instruction in both monitoring and acceptance techniques; (2) MO, which 

instructed monitoring techniques only; or (3) Coping control, which instructed coping 

techniques and did not develop monitoring or acceptance skills. As in Study 1, positive and 

negative affect were assessed in daily life via momentary assessments and end-of-day diaries 

for three days before and after the intervention period. Study 2 tested the primary Monitor + 

Accept prediction that MA mindfulness training would increase positive affect in daily life 

compared to MO and control trainings, with no differences between MO and control, largely 

consistent with Study 1 findings. Study 2 also evaluated whether MA training would 

decrease daily life negative affect compared to MO and control trainings (the Monitor + 

Accept hypothesis), or whether all active stress management programs would be effective 

for decreasing negative affect (as suggested by Study 1 findings).

Methods

Participants—Enrolled participants were 153 stressed adults (Mage=32 years, SD=14; see 

Table 1B for baseline characteristics) recruited from the Pittsburgh community via 

participant registries, community advertisements, and mass emails to local organizations for 

a study testing smartphone training programs for managing stress. Primary study analyses 

are reported using all available baseline and post-intervention data. Of 153 participants (for 

all of whom baseline data was available), 150 completed the intervention, 149 completed 

post-intervention EMA, 148 provided post-intervention diary data, and 149 provided data at 

a post-intervention lab assessment. See Figure 1B for CONSORT flow chart.

The study design and outcomes described here were pre-registered with Clinical Trials 

identifier NCT02433431; hypotheses were guided by MAT (Lindsay & Creswell, 2015, 

2017). This report describes positive and negative affect outcome data from ambulatory 

assessments (secondary trial outcomes). As in Study 1, eligible participants were English-

speaking smartphone owners (Android or iPhone) between the ages of 18-70 years who 

scored >5 on the 4-item Perceived Stress Scale. Participant exclusion criteria were identical 

to those in Study 1. Written informed consent was obtained from all participants, and all 

study procedures were approved by the Carnegie Mellon University IRB. Study data was 
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collected between February 2015 and April 2016. Trial recruitment was stopped when the 

goal of enrolling 150 participants was reached; participants partway through the screening 

process at this time were included in the study if eligible.

Sample size was determined for primary stress reduction outcomes in the larger clinical trial 

(Lindsay, Young, Smyth, Brown, & Creswell, 2018). Specifically, effect size estimates were 

based on medium-large pre-post 8-week mindfulness intervention vs. waitlist control effects 

on stress reactivity outcomes (d=.63: Nyklíček, Mommersteeg, Van Beugen, Ramakers, & 

Van Boxtel, 2013) and small-medium pre-post 2-week online mindfulness intervention vs. 

waitlist control effects on general stress perceptions (d=.37-.46: (Cavanagh et al., 2013; 

Glück & Maercker, 2011). A medium effect size was estimated for this trial (d=.52), with 

plans to boost treatment adherence and participant retention through standardized study 

reminders, individual contact during the intervention period, and cash bonuses for high 

adherence (participants received $15 base compensation plus a $15 bonus for completing at 

least 13 of 15 surveys at baseline and at post-intervention, and $25 base compensation for 

completing the intervention portion of the study, plus a $40 bonus for completing at least 13 

of the 14 lessons). Using G*Power, we estimated a total of N=147 participants were needed 

to detect post-intervention omnibus differences between three study conditions at 80% 

power using ANOVAs (the primary trial outcome), and N=120 were needed to detect group 

× time interactions estimating a pre-post correlation of .60 and a two-tailed Type I error rate 

of .05 (Faul et al., 2007). The ambulatory assessment data reported here were not analyzed 

until the complete dataset was collected.

Procedure

Overview: Briefly, as part of the larger three-arm parallel trial, interested participants were 

pre-screened for eligibility by telephone, then further screened at an in-person baseline 

assessment. Subject IDs were assigned sequentially, and author EKL used a computerized 

random number generator to pre-assign one of three condition codes to each ID in blocks of 

8, 16, or 24 using a 3:3:2 randomization sequence (MA:MO:control). Trained study staff 

enrolled eligible participants and instructed participants to download their assigned 

intervention by code. All participants were blind to study condition, and study staff were 

blind to condition in 76% of baseline sessions3. Enrolled participants provided a dried blood 

spot (DBS) sample, completed a questionnaire and task battery, and were oriented to the at-

home ambulatory assessments and intervention. During three weeks of at-home study 

activities, participants completed three consecutive days of pre-intervention momentary and 

diary assessments (see Measures), a 14-day intervention period (see Materials), and three 

consecutive days of post-intervention momentary and diary assessments immediately 

following the intervention period. Participants received standardized study reminder texts 

and phone calls throughout the at-home period, and were able to call or text the study hotline 

to ask questions or resolve technical issues. Participants returned for a post-intervention 

assessment an average of 4.66 days (SD=1.88 days) after the completion of training. At that 

session, they provided a DBS sample (to be reported elsewhere), completed questionnaires 

3Study managers who contacted participants during the intervention period were not blind to condition code. Study managers also 
infrequently served as experimenters in cases when blind research assistants were unavailable (e.g., during semester breaks). Including 
baseline experimenter blinding status as a covariate did not impact any of the results.
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and tasks (including a measure of Treatment Expectancies), and underwent the Trier Social 

Stress Task and assessments (reported in Lindsay et al., 2018). After all outcome measures 

were collected, participants were funnel debriefed, informed of the primary aims of the 

study – namely, to test the active ingredients of mindfulness training – were given access to 

the training program of their choice, and were compensated for their time.

Ecological Momentary Assessments and Diary Assessments: As in Study 1, a two-

pronged ambulatory assessment approach was used to measure momentary affective states 

and end-of-day positive and negative affect (see Measures). In this study, momentary and 

diary assessments were administered on participants’ own smartphones using Qualtrics 

surveys delivered through SurveySignal text links. EMA surveys were administered at four 

quasi-random times each day (totaling 24 surveys across 3 days pre- and 3 days post-

intervention); text links were sent during each of four 2.5-hour blocks distributed between 

9:00am and 7:00pm, with links expiring after 45 minutes. Links for daily diary surveys (6 

surveys in total across pre- and post-intervention) were sent at 8:30pm and remained active 

until 11:30pm. Participants were trained on how to complete ambulatory assessment items 

during the baseline study appointment.

Depending on the day of their baseline study appointment, participants began baseline 

ambulatory assessments on either a Thursday or a Sunday. Those who completed baseline 

ambulatory assessments on a Thursday-Saturday schedule began the 2-week intervention on 

Sunday and completed post-intervention ambulatory assessments Sunday-Tuesday; 

participants who completed baseline ambulatory assessments on a Sunday-Tuesday schedule 

began the intervention on Thursday and completed post-intervention ambulatory 

assessments Thursday-Saturday. This counterbalance distributed weekdays and weekend 

days equally between baseline and post-intervention assessments and enabled the collection 

of post-intervention ambulatory assessments immediately following the intervention.

Materials

Intervention Programs: Participants were randomly assigned to receive one of three 14-

lesson smartphone-based interventions (described below): MA, MO, or Coping control. To 

maximize experimental control in isolating the effects of monitoring and acceptance 

instruction, all three interventions were delivered by the same female instructor (who was 

blind to hypotheses) and were matched on attentional demand (i.e., active listening and 

guided practice), length of each lesson, lesson structure (i.e., proportion of time devoted to 

didactics, guidance, and silent practice), and delivery tone of voice. To equalize expectancies 

at the baseline appointment, all participants viewed the same 5-minute introductory video 

explaining how to prepare for and what to expect in the training program, and “mindfulness” 

was not mentioned during the study period. During the 14-day intervention period, 

participants were expected to complete one 20-minute guided audio lesson each day, plus 

brief unguided homework practice (3-10 minutes per day). Participants were required to 

complete lessons in order and could not skip or repeat lessons. Each lesson trained specific 

techniques through didactic explanation (what the technique was and how it would help) and 

formal guided practice (i.e., meditation practice in the MA and MO interventions and guided 

thinking in the control intervention). The lessons in all three conditions included an average 

Lindsay et al. Page 22

J Pers Soc Psychol. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of 5 minutes of didactics (an average of 26% of each lesson), 12.5 minutes of guided 

practice (including 7 minutes of silence; 62% of the lessons), and 2.5 minutes of instruction 

about home practice (12% of the lessons). An unblinded study manager contacted all 

participants by phone on Days 3 and 9 of the intervention program to answer training-

specific questions, address difficulties, and encourage program adherence. After the 14-day 

intervention period, the training program was deactivated (although a training program of 

choice was provided to participants at the completion of the study).

The intervention programs were developed in collaboration with leading mindfulness 

teacher Shinzen Young and were based on his Unified Mindfulness system (Young, 2016). 

The instructor who voiced the programs had 15 years of teaching experience with this 

system. The two mindfulness meditation programs were designed to systematically parse 

mindfulness instruction in (1) attention monitoring and (2) acceptance. The content of each 

intervention is detailed in Lindsay et al. (2018). Full intervention scripts are available for 

research purposes by request.

Monitor + Accept (MA): MA participants first learned foundational concentration skills, 

which enabled them to (1) monitor their present-moment body experience (in the lessons, 

this skill was referred to as ‘sensory clarity’) while (2) welcoming and accepting each 

experience (referred to as ‘equanimity’). Specifically, concentration was described as an 

intrinsically rewarding state of stable attention (Csikszentmihalyi, 2000) on the intended 

target. In this intervention, the focus of all meditations was physical and emotional body 

experiences.

Monitoring (‘sensory clarity’) was explained in terms of two dimensions: (a) resolution, 

referring to discriminating types of experiences, such as whether pleasant, unpleasant, or 

neutral; physical vs. emotional; level of intensity; locations and movement patterns of 

sensations; and (b) sensitivity, referring to detecting subtle sensations, including faint 

sensations related to pleasant activities and emotions, and fleeting waves of unpleasant 

emotions. Acceptance (‘equanimity’) was trained through three tangible strategies that 

embody the attitude of acceptance: participants were encouraged to (a) maintain a state of 

global body relaxation; (b) mentally welcome all physical and emotional body experiences; 

and (c) use a gentle, matter-of-fact tone of voice (an ‘equanimity tone’) while labeling these 

experiences. Although positive emotional states were neither encouraged nor discouraged, 

participants were instructed to notice and differentiate pleasant, unpleasant, and neutral 

emotional body sensations (monitoring) and to greet each type of sensation with equanimity 

(acceptance). In the context of emotional sensations, equanimity was described as a sort of 

permission for each sensation to unfold in its own time. At the end of each lesson, 

participants were prompted to notice and tune into any rewarding sensations that were 

present.

Monitor Only (MO): The MO program trained participants only to concentrate on and (1) 

monitor physical and emotional body experience during each meditation practice (as 

described above), with no instruction on acceptance. As in MA, positive emotional states 

themselves were not encouraged or discouraged, but the focus was on noticing and 
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differentiating pleasant, unpleasant, and neutral emotional body sensations, and participants 

were prompted to notice any rewarding sensations present at the end of each lesson.

Coping control: The Coping control training program, referred to in the lessons as 

‘MyTime,’ was developed to parallel the structure of MA and MO without encouraging 

focus on or acceptance of present experience. Instead, participants were instructed to: (a) 

freely reflect and let their minds drift (in contrast to concentration developed in MA and 

MO); (b) reframe or reappraise past and anticipated events (with past and future emphasis 

contrasting present-focused monitoring, and change strategies contrasting acceptance 

strategies); and (c) analyze and solve personal problems (again encouraging active change 

rather than acceptance of momentary experiences). Throughout the lessons, participants 

were encouraged to mind-wander between pleasant, unpleasant, or neutral topics as they 

pleased. Guidance in two lessons involved reflecting on past positive experiences and 

imagining future positive experiences. Similar to MA and MO, control participants were 

prompted to carry any positive effects of each practice session into their daily lives. Overall, 

the Coping control program was designed to be useful for managing stress by reinforcing 

common reappraisal and coping strategies (see Carver et al., 1989; Ochsner & Gross, 2005) 

without training mindfulness, and was included to control for nonspecific effects of 

undergoing an active training program, such as treatment expectancies and daily practice 

toward the goal of reducing stress.

Measures

Ecological Momentary Assessment of State Positive and Negative Affect:  Assessments 

of momentary positive and negative affect in daily life were identical to those described in 

Study 1, except surveys were prompted four times daily.

Positive and Negative Affect Diary:  Specific types of positive and negative affect were 

assessed at the end of each day for three days pre- and immediately post-intervention, as 

described in Study 1. Again, eight composite affect scales were created from the 18 items: 

an overall positive affect scale (average Cronbach’s α=.94 across 6 diary days) and three 

positive affect subscales: happiness (α=.90), calm (α=.88), and vigor (α=.89); and an 

overall negative affect scale (average α=.90) and three negative affect subscales: anxiety 

(α=.83), depression (α=.89), and hostility (α=.81).

Treatment Adherence:  The smartphone training application automatically timestamped the 

initiation and completion of each lesson in the 14-day at-home training period. This 

electronic timestamp was used to calculate the total number of at-home lessons completed 

for each individual.

Treatment Expectancies:  As in Study 1, participants completed an adapted 6-item 

Credibility/Expectancy Questionnaire (Devilly & Borkovec, 2000) to assess their beliefs 

about the efficacy of the training program at post-intervention (but before beginning the 

TSST procedures). Cognitive and emotional subscales were averaged to create an overall 

measure of positive treatment expectancies (α=.95).
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Analyses

Overview: Analyses were conducted with SPSS Statistics 21.0 (IBM, Armonk, New York) 

and Stata 14.2 software (StataCorp, College Station, Texas). Preliminary analyses conducted 

in SPSS tested for condition differences in demographics and other baseline characteristics 

using chi-square (for categorical variables) and ANOVA tests (for continuous variables). 

Treatment expectancies, treatment adherence, EMA compliance, and EMA counterbalance 

were evaluated as covariates using ANOVA to test for significant condition differences.

Ambulatory assessment analyses: As in Study 1, MLMs were used to test for time (pre or 

post) × condition (MA, MO, or control) differences and between-group contrasts on the 

primary outcomes using the Stata Mixed procedure with REML estimation. The assumption 

of dependence in the data was confirmed in unconditional models. For diary-assessed 

positive and negative affect outcomes, empty 2-level models showed that 34-48% of the total 

variance occurred between individuals, whereas 52-66% of variance occurred within 

individuals. For momentary positive and negative affect outcomes, 21-32% of the total 

variance occurred between individuals, 5-7% was explained at the day level, and 63-72% 

occurred within individuals. Thus, 2-level models were used for diary data and 3-level 

models were used for EMA data.

In sum, the diary outcome models followed this general equation:

Level 1:

Affectti = β0i + β1i Postti + β2i Mondayti + β3i Tuesdayti + β4i Thursdayti + β5i Fridayti +

β6i Saturdayti + rti

Level 2:

β0i = γ00 + γ01 MOi + γ02 Controli + u0i

β1i = γ10 + γ11 MOi + γ12 Controli
β2i = γ20
β3i = γ30
β4i = γ40
β5i = γ50
β6i = γ60

Reduced form:

Affectti = γ00 + γ01 MOi + γ02 Controli + γ10 Postti + γ11 MOi
∗ Postti + γ12 Controli

∗ Postti +

γ20 Mondayti + γ30 Tuesdayti + γ40 Thursdayti + γ50 Fridayti + γ60 Saturdayti + u0i + rti

with β0i reflecting the intercept of affect for the reference group (MA) at pre-intervention 

compared to MO and control groups, and β1i accounting for time (pre or post) and time × 
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condition interactions. Time and day of week were modeled at Level 1, while study 

condition was modeled at Level 2; rti and u0i represented error at the within- and between-

subject levels, respectively.

EMA data was modeled in 3-level equations, which additionally accounted for the clustering 

of observations within day. Time of day (first, second, third, or fourth survey), which varied 

at the observation level, was included at Level 1 to account for temporal dependency 

between proximal observations. Time (pre or post) and day of week, which varied at the day 

level, were included at Level 2. The rtdi, u0di, and u00i terms reflect error at the within-

subject, within-day, and between-subject levels, respectively.

Level 1:

Affecttdi = β0di + β1di TimeOfDaytdi + rtdi

Level 2:

β0di = β00i + β01i Post1di + β02i Monday2di + β03i Tuesday3di + β04i Thursday4di + β05i Friday5di +

β06i Saturday6di + u0di
β1di = β10i

Level 3:

β00i = γ000 + γ001 MO1i + γ002 Control2i + u00i

β01i = γ010 + γ011 MO3i + γ012 Control4i
β02i = γ020
β03i = γ030
β04i = γ040
β05i = γ050
β06i = γ060
β10i = γ100

Reduced form:

Affectti = γ000 + γ001 MO1i + γ002 Control2i + γ010 Post1di + γ011 MO3i
∗ Post1di +

γ012 Control4i
∗ Post1di + γ020 Monday2di + γ030 Tuesday3di + γ040 Thursday4di + γ050 Friday5di

+γ060 Saturday6di + γ100 TimeOfDaytdi + u00i + u0di + rtdi

Effect sizes were calculated as in Study 1.
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Results

Preliminary Analyses—First, success of randomization on major demographic 

characteristics in the full randomized sample (N=153) was evaluated. There were no pre-

existing condition differences on age, sex, race, ethnicity, or education (see Table 1B).

Second, condition differences in study attrition, intervention adherence, ambulatory 

assessment compliance, ambulatory assessment counterbalance, and pre-intervention 

positive and negative affect were tested (see Table 2B). Study attrition was low, with a 2% 

participant drop-out rate and no condition differences in study drop-outs (χ2(2)=1.42, p=.

491). Likewise, participants in all conditions were highly adherent to the training programs, 

with no condition differences in treatment adherence (F(2,146)=0.40, p=.670). On average, 

participants completed 13.49 of the 14 lessons, and 75% of participants completed all 14 

lessons (1.3% of participants completed fewer than 10 lessons). Similarly, participants in all 

conditions were adequately adherent to both baseline and post-intervention ambulatory 

assessments, on average completing 91% of baseline surveys and 86% of post-intervention 

surveys. There were no condition differences in the counterbalance of ambulatory 

assessment days (χ2(2)=3.10, p=.21). But there was a relationship between day of the week 

and positive and negative affect in this sample; there was a main effect of day of week on 

momentary positive affect (χ2(5)=16.10, p=.007), on diary-assessed positive affect 

(χ2(5)=15.01, p=.010), and on diary-assessed negative affect (χ2(5)=13.72, p=.018). Thus, 

day of week was included as a covariate in all EMA analyses. There were no pre-

intervention condition differences on EMA or diary-assessed positive or negative affect 

ratings (Table 2B). Finally, the post-intervention assessment took place an average of 

4.66±1.88 days after the end of the intervention, with no differences between conditions 

(F(2,146)=1.03, p=.360). At this assessment, there were no condition differences in 

treatment expectancies (F(2,146)=1.55, p=.22), indicating similar perceptions of treatment 

benefits across all three training conditions.

Primary analyses—As with Study 1, we predicted that MA training would increase 

positive affect (primary Monitor + Accept hypothesis) and decrease negative affect 

(secondary Monitor + Accept hypothesis) in daily life compared to MO and control training, 

and that MO and control would not differ. To evaluate these hypotheses, MLMs focused on 

time × condition interactions in end-of-day diary-assessed affect composites and momentary 

affect (using all available data). When significant time × condition interactions were present, 

we tested for differences in MA vs. MO, MA vs. control, and MO vs. control contrasts.

Positive affect: In diary assessment analyses, an MLM revealed a significant main effect of 

time (χ2(1)=38.02, p<.0005), no main effect of study condition across time (χ2(2)=2.25, p=.

325), and, as predicted, a significant time × condition effect on overall positive affect 

(χ2(2)=12.67, p=.002). Figure 2B depicts this interaction (see Table 3B for full MLM 

results). Both MA- and MO-trained participants showed significant increases in overall 

positive affect from pre- to post-intervention (MA mean change=0.70, p<.0005, d=.70; MO 

mean change=0.35, p<.0005, d=.35) whereas control participants did not (control mean 

change=0.16, p=.206, d=.16) (see Table 5B). Supporting the primary hypothesis, MA-

trained participants showed significantly higher overall positive affect from pre- to post-
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intervention compared to MO-trained (χ2(1)=6.17, p=.013, g=.46) and control-trained 

(χ2(1)=11.49, p=.001, g=.71) participants (see Table 5B and Figure 3), whereas MO and 

control participants did not differ (χ2(1)=1.45, p=.228, g=.25).

Consistent with changes in overall positive affect, both MA and MO participants showed 

significant increases in happiness (MA mean change=0.75, p<.0005, d=.65; MO mean 

change=0.29, p=.011, d=.25), calm (MA mean change=0.75, p<.0005, d=.67; MO mean 

change=0.35, p=.002, d=.31), and vigor (MA mean change=0.59, p<.0005, d=.52; MO mean 

change=0.41, p<.0005, d=.36), whereas control participants did not show increases in any of 

these types of positive affect (happiness mean change=0.12, p=.410, d=.11; calm mean 

change=0.12, p=.393, d=.11; vigor mean change=0.23, p=.104, d=.22). Positive affect 

subscale MLM analyses suggested that the advantage of MA over both MO and control was 

specific to happiness (MA vs. MO: χ2(1)=8.70, p=.003, g=.54; MA vs. control: 

χ2(1)=12.53, p<.0005, g=.72) and calm (MA vs. MO: χ2(1)=6.24, p=.013, g=.45; MA vs. 

control: χ2(1)=11.93, p=.001, g=.70) rather than feelings of vigor (MA vs. MO: χ2(1)=1.28, 

p=.258, g=.21; MA vs. control: χ2(1)=3.79, p=.052, g=.40) (see Table 5B). MO and control 

participants did not differ on any diary-assessed positive affect subscales (all ps>.20).

On momentary positive affect, MLM results showed a significant main effect of time across 

study conditions (χ2(1)=13.60, p=.0002), no main effect of study condition across baseline 

and post-intervention time points (χ2(2)=2.25, p=.324), and, consistent with predictions, a 

significant time × condition interaction (χ2(2)=11.13, p=.004) (see Table 4B for full MLM 

results). Both MA- and MO-trained participants showed significant increases in momentary 

positive affect from pre- to post-intervention (MA mean change=0.36, p<.0005, d=.39; MO 

mean change=0.14, p=.044, d=.15) whereas control participants did not (control mean 

change=0.004, p=.960, d=.01) (see Table 5B). Again supporting the primary Monitor + 

Accept hypothesis, this increase in positive affect was significantly greater after MA training 

than after MO (χ2(1)=4.91, p=.027, g=.41) and control trainings (χ2(1)=10.40, p=.001, g=.

66) (see Table 4B and Figure 3). MO and control interventions did not differ (χ2(1)=1.55, 

p=.213, g=.25).

Negative affect: An MLM revealed a significant main effect of time for diary-assessed 

negative affect overall (χ2(1)=18.08, p<.0005), with participants on average showing lower 

overall negative affect at post- compared to pre-intervention (mean change=−0.25, p<.0005, 

d=.32). There was no main effect of condition across time (χ2(2)=2.93, p=.231) and no 

significant time × condition interaction (χ2(2)=2.96, p=.227) (see Tables 3B and 5B). For 

each diary-assessed negative affect subscale, MLMs showed significant main effects of time, 

but revealed no time × condition differences on depression (χ2(2)=3.66, p=.160), anxiety 

(χ2(2)=4.32, p=.115), or hostility (χ2(2)=1.66, p=.435) subscales (see Table 5B).

On momentary negative affect, there was a significant main effect of time across study 

conditions (χ2(1)=32.77, p<.0005), such that participants on average showed significant 

decreases in negative affect from pre- to post-intervention (mean change=−0.24, p<.0005, 

d=.33; see Table 5B). There was no main effect of study condition (χ2(2)=1.67, p=.434) and 

no time × condition interaction (χ2(2)=1.62, p=.446) (see Table 4B).
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Summary & Discussion—Study 2 provides the first well-controlled experimental 

evidence that just 14 days of smartphone-based mindfulness training boosts positive affect in 

daily life, and supporting the Monitor + Accept hypothesis, acceptance training appears to 

be a key ingredient for this effect. When acceptance training was not included in the 

mindfulness intervention, positive affect benefits were significantly reduced. Specifically, 

although both MA and MO participants showed higher positive affect at post- compared to 

pre-intervention, MA training boosted end-of-day and state positive affect significantly more 

than MO and control trainings, and MO did not differ from control training. Medium-large 

effects were observed after MA training (ds=.39-.70), small-medium effects after MO 

training (ds=.15-.36), and very small effects after control training (ds=.01-.22). The 

inclusion of acceptance training was particularly important for increasing feelings of 

happiness and calm. Overall, by comparing structurally matched interventions that control 

for non-mindfulness-specific treatment components, Study 2 demonstrates that acceptance 

training is a central component of mindfulness interventions for increasing positive affect 

after two weeks of daily training.

In contrast, all three active interventions were effective for decreasing negative affect on 

average, and there were no differences between MA and MO training. This finding is 

notable because, although there is ample evidence that mindfulness interventions can reduce 

negative affect (for reviews, see Keng et al., 2011; Khoury et al., 2013), some questions 

remain about whether mindfulness programs are more effective than active placebo 

controlled programs (e.g, Rosenkranz et al., 2013). The present results indicated that a 14-

day mindfulness intervention provides equivalent negative affect reductions as a coping 

control training. This study suggests that mindfulness interventions uniquely enhance 

positive affect but may have little relative benefit for reducing negative affect above and 

beyond other placebo-controlled active treatments. It is also possible that negative affective 

states, as measured here, do not closely correspond to states of distress and other negative 

emotions assessed in clinical populations, with whom much research examining mindfulness 

training effects on affective outcomes has been conducted.

Notable strengths of Study 2 include its use of well-controlled and structurally equivalent 

intervention programs to isolate the active ingredients of mindfulness training and its high 

rates of participant retention (98%) and treatment adherence (96%) compared to longer 

group-based mindfulness interventions. Thus, these findings provide strong evidence that 

acceptance plays a key role in increasing positive affect following mindfulness training, and 

they demonstrate the efficacy and value of short-term smartphone-based mindfulness 

interventions for increasing well-being in populations who may not have access to in-person 

mindfulness programs. Indeed, smartphone-based mindfulness training approaches may 

reduce some of the practical and psychological barriers associated with more intensive 

group-based mindfulness interventions, while delivering similar benefits for positive 

emotions.

General Discussion

Happiness is known to improve personal relationships, career satisfaction, health, and 

overall satisfaction with life (Lyubomirsky, King, et al., 2005; Pressman & Cohen, 2005). 
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Here we provide evidence from two pre-registered trials that mindfulness training 

interventions boost positive affect—and happiness in particular—in daily life. Notably, the 

affective benefits of mindfulness training compared to active control training were most 

robust for positive affect. In particular, although reductions in negative affect were observed 

following mindfulness training, Study 2 showed no relative advantage of mindfulness 

interventions for reducing negative affect compared to a placebo-controlled active treatment 

comparison group. Second, the present work contributes to a mechanistic understanding of 

how mindfulness interventions increase positive affect. In support of the Monitor + Accept 

hypothesis, removing acceptance skills training from mindfulness interventions significantly 

reduced positive affect benefits (approximately halving the magnitude of effects). This work 

offers the first experimental evidence that acceptance is a key mechanism of mindfulness 

interventions for boosting positive affect in daily life.

Specifically, the primary aim of the present studies was to test how the basic components of 

mindfulness training (monitoring and acceptance) increase positive affect in daily life. 

Across two RCTs, the inclusion of acceptance skills training (MA) increased daily life 

positive affect to a greater degree than training in monitoring momentary experience only 

(MO). These differences were magnified in end-of-day reports and were specific to feelings 

of happiness (i.e., happy, pleased, cheerful) across the two trials. As Kabat-Zinn (1990) 

intimates in the opening quote of this paper, the orientation of acceptance may be a key 

mechanism that broadens one’s awareness of affective cues so that positive stimuli may be 

accessed, monitored, and appreciated.

Comparing the effects of the two parallel studies also begins to offer clues about effective 

training length and delivery of mindfulness interventions for enhancing positive emotion. 

The two studies showed similar medium-to-large effect sizes on positive affect outcomes 

(ds=.70 for diary-assessed positive emotions; ds=.61 and .39 for momentary positive affect), 

indicating that just two weeks of mindfulness training without a “live” instructor was 

sufficient for boosting positive affect in daily life. The Study 2 results, in particular, also 

support the claim that it is the mindfulness-specific elements of training (monitoring and 

acceptance) that enhanced positive affect rather than positive expectations (placebo) or the 

influence of a supportive social environment.

How does practice in monitoring and accepting momentary experiences boost positive affect 

in daily life after mindfulness interventions? There are multiple component processes that 

drive these benefits. First, acute effects of mindfulness meditation practice (e.g., tranquility, 

happiness, appreciation, and joy; Garland, Farb, et al., 2015a; Moyer et al., 2011), are known 

to carry over into daily life (Shoham, Goldstein, Oren, Spivak, & Bernstein, 2017). 

Specifically, formal mindfulness practice focuses on noticing momentary emotions, 

thoughts, and sensations (i.e., monitoring) and observing each experience with equal 

receptivity regardless of affective content (i.e., acceptance); maintaining this equanimous, 

even-tempered attitude can trigger subtle pleasant emotions that carry over into daily life. 

The types of emotions thought to arise from mindfulness practice overlap with the specific 

types of positive affect impacted by the MA interventions investigated here, particularly 

happiness, cheer, calm, and ease. Second, previous studies indicate that brief mindfulness 

practice increases attention to positive stimuli (Kiken & Shook, 2011) and magnifies positive 
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affective experience (Erisman & Roemer, 2010); it is possible that the acute positive 

emotions resulting from meditation practice may begin to retune the attentional system 

toward positive cues in the environment (Todd, Cunningham, Anderson, & Thompson, 

2012). Indeed, positive emotions themselves are known to propagate more positive emotions 

(Wadlinger & Isaacowitz, 2006). Third, practicing nonreactivity toward one’s inner 

experiences may begin to retrain habitual reactivity to affective stimuli in the environment, 

further encouraging the attunement of attention to positive cues and experiences of positive 

affect in daily life. Fourth, when all affective experiences are treated with acceptance and 

equanimity, an array of subtle pleasant emotions and sensations can be savored as they 

unfold in each moment (Bryant, Chadwick, & Kluwe, 2011; Kiken, Lundberg, & 

Fredrickson, 2017) without being disrupted by a desire to prolong or cling to positive 

experiences. Finally, it is possible that the types of positive affect fostered through 

mindfulness training may broaden one’s attention, thoughts, and behaviors in ways that 

build lasting resources and reinforce positive states (Fredrickson, 1998, 2013). These 

pathways explaining how monitoring and acceptance increase positive affect were not 

directly tested here, but should be evaluated in future research, with the intriguing possibility 

that mindfulness practices can contribute to a self-reinforcing cycle of positive emotions 

over time.

These findings have basic research and applied implications for social, health, clinical, and 

positive psychology, and for contemplative science, domains in which mindfulness training 

is of active interest. In social psychology, positive emotional experience is known to have 

important influences on social behavior and relationships, career success, decision making, 

satisfaction with life, and resilience (Lyubomirsky et al., 2005), suggesting potential benefits 

of mindfulness training in a wide range of domains. This work also spurs additional 

theoretical questions about how mindfulness skill development links with social 

psychological perspectives on the self, emotion, and emotion regulation. First, changes in 

self processes may be an important pathway linking mindfulness skills with positive 

emotions and other intra- and interpersonal outcomes (Vago & Silbersweig, 2012). For 

example, developing mindful acceptance skills might promote a more stable sense of self-

worth (Crocker & Knight, 2005) by reducing self-evaluative processing (Farb et al., 2007) 

and ego-involvement with present-moment experience (Brown & Leary, 2016). Further, this 

self-transcendence may encourage greater connection with others (Lindsay & Creswell, 

2014), promoting compassion and prosocial behaviors (Berry et al., 2018; Condon, 

Desbordes, Miller, & DeSteno, 2013). Second, future work might explore whether 

mindfulness training decreases the disparity between desired affect and experienced affect 

(Tsai, 2007); in general, people want to be happier than they are, but acceptance skills may 

reduce this craving for ever-greater positive affect and allow for contentment with actual 

affective experience (Young, 2016). Finally, in the domain of emotion regulation, this work 

extends previous research showing that both acceptance and cognitive change (i.e., 

reappraisal; Ochsner & Gross, 2005) strategies are effective for regulating negative 

emotions, but that mindful acceptance strategies may be more useful for boosting positive 

emotions.

From a health psychology perspective, reductions in distress are one important pathway 

linking mindfulness training with improvements in physical health (Creswell & Lindsay, 
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2014), but the presence of positive emotions is a second important pathway that may 

independently promote physical health outcomes (for a review, see Pressman & Cohen, 

2005). Thus, learning to accept present-moment experiences may initiate both stress 

reduction (Lindsay et al., 2018) and positive affect gains with downstream benefits for 

physical health. Similarly, though a large literature shows that mindfulness training is 

effective for reducing psychological distress (Keng et al., 2011) and symptoms of stress, 

depression, and anxiety in normative and clinical populations (Khoury et al., 2013), the 

present findings contribute to a second, less explored pathway highlighting the capacity for 

mindfulness to generate positive affect (Garland, Farb, et al., 2015a) and potentially promote 

mental health and well-being. For example, positive emotions may reduce the risk of 

depression relapse (Wichers et al., 2010), suggesting that mindfulness training with an 

emphasis on acceptance techniques might help to reduce relapse risk. Indeed, clinical 

research and theory has likewise described how an objective and decentered perspective 

toward experiences can be an important mechanism of change following mindfulness-based 

therapy (Fresco et al., 2007; Segal, Williams, & Teasdale, 2002; van der Velden et al., 2015). 

Providing concrete techniques for training acceptance skills, as done in these studies, may 

further encourage such adjuvant treatment. These findings also contribute to the evidence 

base of positive psychological interventions by helping to establish the effectiveness of 

mindfulness training for increasing positive emotions and identifying key features of this 

intervention (i.e., acceptance) that promote these effects (Ivtzan & Lomas, 2016).

Finally, these findings are important for theory and practice in contemplative science, where 

the contributions of the active components of mindfulness interventions to affective 

experience are unknown. The importance of acceptance in contemporary mindfulness 

interventions is the topic of ongoing debate among mindfulness intervention researchers and 

contemplative scientists (e.g., Bodhi, 2011; Dreyfus, 2011; Dunne, 2011; Grossman & Van 

Dam, 2011). A number of Buddhist practice traditions that include mindfulness training do 

not include acceptance as an explicit element (Bodhi, 2011), yet secular mindfulness-based 

interventions include both awareness and acceptance training (Lindsay & Creswell, 2017). 

Here we show that explicit instruction in acceptance is important for beginning meditators to 

reap the maximal benefits of mindfulness interventions on positive affect.

Although the study findings supported the Monitor + Accept hypothesis concerning 

increases in positive emotions, there was not compelling support for the secondary 

hypothesis concerning the contribution of acceptance training on reducing daily life negative 

affect. Instead, all active interventions were effective for reducing negative affect in daily 

life. Specifically, although Study 1 showed an advantage of MA training over MO training 

for decreasing hostility in daily life, both of these interventions reduced anxious affect and 

momentary negative affect. Likewise, reductions in negative affect were observed across all 

three interventions in Study 2, with no advantage of MA training over MO or active placebo-

controlled training. Thus, reductions in negative affect in these studies appeared to be non-

mindfulness-specific treatment effects; indeed, the negative affect results in particular may 

have been influenced by high treatment expectancies across all interventions, as the trainings 

were described to participants as stress management programs. Or, the negative affect 

measures reported here could have been relatively insensitive to changes in appraisal 

processes surrounding the experience of negative emotion that monitoring and acceptance 
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skills might target (e.g., negative affect is experienced as less problematic). It is also possible 

that the studies lacked power to detect small differential effects of the interventions on 

negative affect; across both studies, MA tended to decrease negative affect more than MO, 

and MO tended to be superior to both active and no treatment control groups. Although post-

hoc power analyses suggest that Study 1’s sample size was large enough to detect time × 

condition interactions on negative affect with a No Treatment control design (diary 

power=86%; EMA power=64%) (and both studies were powered for diary and EMA 

positive affect effects, ranging from 88-99% power), Study 2 was underpowered to detect 

small time × condition effects on negative affect comparing three active interventions (diary 

power=36%; EMA power=22%). Of course, it is also plausible that different forms of 

mindfulness training and coping skills training are equally effective in reducing negative 

affect; attention regulation (trained in the MA and MO programs), acceptance (trained in the 

MA program), and reappraisal (trained in the Coping control program) are all considered 

effective emotion regulation strategies for reducing negative affectivity (e.g., Wadlinger & 

Isaacowitz, 2006; Wolgast, Lundh, & Viborg, 2011; for a review, see Kohl, Rief, & 

Glombiewski, 2012). Indeed, the mindfulness interventions were not ineffective for reducing 

negative affect; the magnitude of pre- to post-MA-intervention change in both studies was 

comparable to negative affect reductions on a similar daily life measure following 8-week 

Mindfulness-Based Cognitive Therapy (Geschwind et al., 2011). Given the novelty of these 

training comparisons, further research is required to address these questions.

Although the evidence here supports the Monitor + Accept hypothesis, showing a benefit of 

MA over MO training for boosting positive affect across Studies 1 and 2, there is also some 

indication that training in Monitoring Only is moderately effective for increasing positive 

affect and reducing negative affect. There was no evidence that training in monitoring skills 

intensified negative affectivity, an important revision to MAT (Lindsay & Creswell, 2017). 

Although the trait tendency to monitor present experience has been linked with negative 

affectivity (e.g., Desrosiers et al., 2014; Pearson et al., 2015), meditation practice that 

develops monitoring skills is not detrimental and may instead lead to adaptive outcomes 

(Lindsay et al., 2018). By detecting and untangling emotions and sensations in the present 

moment, monitoring practice by itself may promote clarity and reduce sensory overload. 

Further, it is possible that, over longer periods of practice, systematic training in monitoring 

momentary experience becomes equally as effective as explicitly learning to monitor these 

experiences with acceptance. Practice in monitoring may begin to engender an implicit 

attitude of acceptance and equanimity toward experiences that both reduces the potency of 

negative emotions and allows positive stimuli to be noticed more frequently and savored in 

the moment.

One natural question that arises from these findings is whether training in attention 

monitoring is necessary for the effects of mindfulness interventions on boosting positive 

affect, or whether acceptance training alone is sufficient. Theoretically, monitoring and 

acceptance skills work together to boost positive emotions; acceptance may allow more 

positive stimuli to enter awareness, but monitoring is also necessary to deeply attend to and 

appreciate these stimuli in the present moment (Lindsay & Creswell, 2015). Consistent with 

this idea that acceptance alone may not be sufficient, recent evidence suggests that, although 

acceptance by itself is linked with lower negative affect, it is unrelated to positive affect 
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(Ford et al., 2017). Practically, it may be challenging (or impossible) to develop acceptance 

skills without concurrently developing the ability to monitor present moment experiences. In 

the context of mindfulness interventions, acceptance is defined in relation to present-

moment experiences; while attention monitoring can be practiced without explicit 

acceptance training, practicing an accepting attitude toward momentary body sensations and 

emotions fundamentally relies on first bringing attention to these experiences. Thus, 

monitoring and acceptance likely play complementary and synergistic roles in enhancing 

positive emotional experience.

Limitations and Future Research

The findings reported here are likely generalizable to adults motivated to engage in a stress 

management program. Two large pre-registered clinical trials conceptually replicated the 

basic finding that mindfulness interventions can increase positive emotions in diverse 

samples of stressed adults, with acceptance skills being particularly important for promoting 

these effects. These findings were consistent across different lengths of training (2 weeks vs. 

8 weeks), different delivery methods (in-person group-based vs. individual smartphone-

based), and different instructors and instructional techniques (MBSR-based instruction vs. 

Unified Mindfulness instruction). Moreover, the study samples included men and women 

across a wide range of ages, from 18-67 years in Study 1 and 18-65 years in Study 2, and the 

other demographic characteristics were generally representative of the larger Pittsburgh 

metropolitan area.

A few features of the study samples may affect generalizability. First, we recruited 

participants who reported an above average level of perceived stress. It is possible that 

stressed populations might have more room for intervention-related improvements in 

positive affect, although participants in both studies reported moderate baseline levels of 

positive affect on average. Still, stress tends to narrow attentional focus to threat-relevant 

features (e.g., Chajut & Algom, 2003; Derryberry & Tucker, 1994), limiting the ability to 

notice positive cues; mindfulness training, and acceptance skills in particular, may help to 

reduce fixation on stressful stimuli, broaden the scope of awareness, and allow greater 

access to positive stimuli specifically among stressed adults (Garland, Farb, et al., 2015a). 

Relatedly, not only were participants stressed, they also self-selected into a study intended to 

help manage stress; an interesting question is if people less motivated to engage in a stress 

management program are less responsive to mindfulness training (e.g., Lyubomirsky, 

Dickerhoof, Boehm, & Sheldon, 2011). Second, cultural differences in desired affective 

states could also impact motivation to seek out mindfulness interventions; promisingly, these 

studies provide evidence that mindfulness training boosts both high-arousal positive states 

(valued more in Western cultures) and low-arousal positive states (valued more in East Asian 

cultures) (Tsai, 2007), and thus may have cross-cultural appeal. Moreover, this research was 

conducted in a Western cultural context that values positive self-representation; Monitor

+Accept mindfulness intervention effects may be more pronounced in East Asian cultural 

contexts where people are more prone to self-criticism (Heine & Hamamura, 2007), a 

tendency that acceptance training targets (e.g., Gilbert & Procter, 2006). Third, educational 

attainment was higher than the national average particularly in Study 1, a factor that may 

relate to higher adherence or motivation toward intervention content. Fourth, participants 
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were smartphone owners, which may have limited our ability to reach a representative 

sample of lower SES and older adults (e.g., Poushter, 2016), although smartphone ownership 

is very high and continues to rise in these populations (e.g., Smith, 2015, 2017). As such, 

although we see these results as important and robust, there are additional research 

opportunities in testing these studies’ hypotheses in low stress populations, among stressed 

adults who may be less motivated to volunteer for research studies or engage in mindfulness 

training, in different cultural contexts, and among lower SES and older adult populations 

who may not own smartphones. Finally, it is important to acknowledge that mindfulness 

training is not the sole route to happiness, and it is currently unclear whether mindfulness 

training would have similar benefits for people who are high in trait positive emotionality, 

optimism, extraversion, self-esteem, or self-enhancement (Diener, Suh, Lucas, & Smith, 

1999).

We note several additional limitations to address in future research. First, more work is 

needed to develop manipulation checks of monitoring and acceptance skill development in 

mindfulness interventions, given current debates about whether existing self-report measures 

of mindfulness skills have suitable discriminant validity (e.g., Goldberg et al., 2016; Visted, 

Vøllestad, Nielsen, & Nielsen, 2014). Second, neither study included a long-term follow-up 

assessment; increases in positive affect following mindfulness training might remain stable, 

continue to build, or decrease over time. Further research is required to assess the stability of 

positive affect gains observed here, as well as to explore positive affectivity outcomes using 

additional methods beyond self-report (e.g., observer- or peer-rated happiness: Choi et al., 

2012; Sandvik, Diener, & Seidlitz, 1993; changes in positive vs. negative cognitive bias: 

Kiken & Shook, 2011) and to link these changes in positive affect with downstream social 

and health outcomes (e.g., healthcare utilization and symptoms, physiological markers, 

disease risk and progression; Creswell & Lindsay, 2014). Finally, it is unclear whether 

continued mindfulness practice is necessary for maintaining these benefits. Promisingly, 

mindfulness intervention RCTs suggest that certain benefits of training last through to 

follow-up even without continued formal practice (e.g., Creswell et al., 2016), perhaps due 

to integration of mindfulness skills into daily life via recursive processes (Cohen & 

Sherman, 2014; Walton, 2014). Indeed, mindfulness interventions—and acceptance training 

in particular—foster a new lens through which to view one’s experiences in daily life, which 

may alter attitudes and behaviors in ways that build positive emotions and provide feedback 

to reinforce this mindful perspective (Walton & Wilson, in press). However, the ability to 

implement mindfulness skills in daily life may fade without continued practice; formal 

meditation practice may be necessary to preserve training-based increases in mindfulness 

skills and positive affect over an extended time. In this regard, smartphone-based delivery of 

mindfulness instruction offers a convenient and, as such, promising means to promote 

ongoing practice.

Conclusion

Guided by a novel theoretical account, we conducted two pre-registered dismantling trials to 

test how the basic components of mindfulness interventions boost positive affect among 

stressed community adults. Across training length and delivery format, these studies provide 

the first experimental evidence that acceptance training is a key component of mindfulness 
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interventions for increasing positive affect in daily life. Together, the studies emphasize the 

importance of learning to accept present-moment experiences for enhancing happiness, and 

suggest that mindfulness interventions may be tailored toward boosting positive emotions 

and their associated benefits.
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Figure 1. 
A. Study 1 CONSORT flow chart.
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B. Study 2 CONSORT flow chart.

Note: EMA = Ecological Momentary Assessment.
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Figure 2. 
A. Study 1 diary-assessed positive affect (overall) at baseline and post-intervention by study 

condition.

B. Study 2 diary-assessed positive affect (overall) at baseline and post-intervention by study 

condition.
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Figure 3. 
Effect size estimates (Hedges’ g) and 95% Confidence Intervals in Studies 1 & 2 for primary 

intervention comparisons.

Note: MA = Monitor + Accept. MO = Monitor Only. PA = Positive Affect. NA = Negative 

Affect. EMA = Ecological Momentary Assessment.
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Table 1.

A. Baseline characteristics of participants randomized in Study 1.

Characteristic Full Sample (N=137)
Monitor + 
Accept 
(N=54)

Monitor Only (N=53) No Treatment (N=30) Condition Difference

Age in years
a 37.68 (13.43) 36.02 (14.35) 37.58 (12.60) 40.83 (12.95) F(2,133)=1.25

Sex χ2(2)=0.96

 Female 92 (67.15%) 34 (62.96%) 36 (67.92%) 22 (73.33%)

 Male 45 (32.85%) 20 (37.04%) 17 (32.08%) 8 (26.67%)

Race χ2(8)=7.56

 American Indian/Alaska Native 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

 Asian 14 (10.22%) 7 (12.96%) 6 (11.32%) 1 (3.33%)

 Black/African American 21 (15.33%) 10 (18.52%) 7 (13.21%) 4 (13.33%)

 White/Caucasian 91 (66.42%) 33 (61.11%) 36 (67.92%) 22 (73.33%)

 Bi- or Multi-Racial 6 (4.38%) 2 (3.70%) 1 (1.89%) 3 (10.00%)

 Other 5 (3.65%) 2 (3.70%) 3 (5.66%) 0 (0.00%)

Ethnicity
b χ2(2)=1.70

 Hispanic or Latino 6 (4.41%) 3 (5.56%) 3 (5.66%) 0 (0.00%)

 Not Hispanic or Latino 130 (95.59%) 51 (94.44%) 50 (94.34%) 29 (96.67%)

Education Level χ2(16)=11.18

 No High School Diploma 1 (0.73%) 0 (0.00%) 1 (1.89%) 0 (0.00%)

 GED 2 (1.46%) 1 (1.85%) 1 (1.89%) 0 (0.00%)

 High School Diploma 10 (7.30%) 4 (7.41%) 3 (5.66%) 3 (10.00%)

 Technical Training 2 (1.46%) 0 (0.00%) 1 (1.89%) 1 (3.33%)

 Some College, no degree 18 (13.14%) 9 (16.67%) 4 (7.55%) 5 (16.67%)

 Associate Degree 10 (7.30%) 3 (5.56%) 5 (9.43%) 2 (6.67%)

 Bachelor’s Degree 41 (29.93%) 19 (35.19%) 17 (32.08%) 5 (16.67%)

 Master’s Degree 40 (29.20%) 12 (22.22%) 17 (32.08%) 11 (36.67%)

 MD, PhD, JD, PharmD 13 (9.49%) 6 (11.11%) 4 (7.55%) 3 (10.00%)

B. Baseline characteristics of participants randomized in Study 2.

Characteristic Full Sample (N=153)
Monitor + 
Accept 
(N=58)

Monitor Only (N=58) Control (N=37) Condition Difference Statistic

Age in years 32.42 (13.68) 32.76 (14.21) 32.64 (12.93) 31.54 (14.31) F(2,150)=0.10

Sex χ2(2)=0.75

 Female 103 (67.32%) 39 (67.24%) 41 (70.69%) 23 (62.16%)

 Male 50 (32.68%) 19 (32.76%) 17 (29.31%) 14 (37.84%)

Race χ2(8)=14.49

 American Indian/Alaska Native 1 (0.65%) 0 (0.00%) 0 (0.00%) 1 (2.70%)

 Asian 33 (21.57%) 15 (25.86%) 13 (22.41%) 5 (13.51%)

 Black/African American 33 (21.57%) 14 (24.14%) 16 (27.59%) 3 (8.11%)

 White/Caucasian 81 (52.94%) 28 (48.28%) 28 (48.28%) 25 (67.57%)
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B. Baseline characteristics of participants randomized in Study 2.

Characteristic Full Sample (N=153)
Monitor + 
Accept 
(N=58)

Monitor Only (N=58) Control (N=37) Condition Difference Statistic

 Bi- or Multi-Racial 5 (3.27%) 1 (1.72%) 1 (1.72%) 3 (8.11%)

Ethnicity χ2(2)=1.40

 Hispanic or Latino 7 (4.58%) 2 (3.45%) 2 (3.45%) 3 (8.11%)

 Not Hispanic or Latino 146 (95.42%) 56 (96.56%) 56 (96.56%) 34 (91.89%)

Education Level χ2(14)=14.26

 GED 3 (1.96%) 1 (1.72%) 1 (1.72%) 1 (1.72%)

 High School Diploma 20 (13.07%) 9 (15.52%) 10 (17.24%) 1 (2.70%)

 Technical Training 1 (0.65%) 1 (0.65%) 0 (0.00%) 0 (0.00%)

 Some College 41 (26.80%) 15 (25.86%) 12 (20.69%) 14 (37.84%)

 Associate Degree 10 (6.54%) 4 (6.90%) 2 (3.45%) 4 (10.81%)

 Bachelor’s Degree 48 (31.37%) 15 (25.86%) 21 (36.21%) 12 (32.43%)

 Master’s Degree 26 (16.99%) 10 (17.24%) 11 (18.97%) 5 (13.51%)

 MD, PhD, JD, PharmD 4 (2.61%) 3 (5.17%) 1 (1.72%) 0 (0.00%)

Note: Data are reported as means (SD) or numbers (%).

a
Age missing from one participant in the Monitor Only condition (N=136).

b
Ethnicity missing from one participant in the No Treatment condition (N=136).

*
p<.05
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Table 2.

A. Adherence, treatment expectancies, and pre-intervention outcomes of participants in Study 1.

Characteristic Full Sample (N=137)
Monitor + 
Accept 
(N=54)

Monitor Only (N=53) Control (N=30) Condition Difference Statistic

Intervention Drop-outs 11 (8.03%) 2 (3.70%) 7 (13.21%) 2 (6.67%) χ2(2)=3.37

Intervention Adherence (sessions)
a 7.44 (1.72) 7.44 (1.66) 7.43 (1.80) -- F(1,96)=0.00

Home Practice Adherence 

(minutes)
a 728.9 (491.6) 814.5 (490.7) 643.3 (490.7) -- F(1,96)=2.97

Home Practice Adherence 

(sessions)
a 25.66 (10.72) 27.08 (10.69) 24.24 (10.70) -- F(1,96)=1.72

Week 1 Treatment Expectancies 
b 6.31 (1.70) 6.24 (1.70) 6.38 (1.73) -- F(1,98)=0.15

Week 4 Treatment Expectancies 
c 6.26 (1.77) 6.17 (1.76) 6.36 (1.79) -- F(1,93)=0.25

Week 8 Treatment Expectancies 
d 6.95 (1.58) 6.90 (1.67) 7.00 (1.48) -- F(1,93)=0.10

Pre-Intervention Diary 

Compliance 
e 1.80 (1.44) 1.64 (1.38) 1.92 (1.39) 1.83 (1.39) F(2,130)=0.54

Pre-Intervention EMA 

Compliance 
f 8.39 (5.96) 8.94 (5.72) 9.17 (5.72) 7.07 (5.72) F(2,133)=1.40

Post-Intervention Diary 

Compliance 
e 2.61 (0.86) 2.76 (0.83) 2.55 (0.83) 2.52 (0.83) F(2,130)=1.10

Post-Intervention EMA 

Compliance 
f 11.56 (4.44) 12.41 (4.26) 10.49 (4.27) 11.79 (4.27) F(2,133)=2.77

Pre-Intervention Diary PA 

(overall)
e 3.35 (1.17) 3.24 (1.20) 3.56 (1.39) 3.18 (1.78) χ2(2)=1.76

Pre-Intervention EMA PA 
f 3.77 (1.06) 3.79 (1.08) 3.76 (1.23) 3.77 (1.66) χ2(2)=0.03

Pre-Intervention Diary NA 

(overall)
e 2.38 (0.85) 2.45 (0.88) 2.37 (1.03) 2.25 (1.26) χ2(2)=0.70

Pre-Intervention EMA NA 
f 2.23 (0.72) 2.26 (0.72) 2.16 (0.84) 2.32 (1.11) χ2(2)=0.56

B. Adherence, treatment expectancies, and pre-intervention outcomes of randomized participants in Study 2.

Characteristic Full Sample (N=153)
Monitor + 
Accept 
(N=58)

Monitor Only (N=58) Control (N=37) Condition Difference Statistic

Intervention Drop-outs 3 (1.96%) 1 (1.72%) 2 (3.45%)) 0 (0.00%) χ2(2)=1.42

Intervention Adherence (lessons)
g 13.49 (1.20) 13.44 (1.52) 13.60 (0.91) 13.39 (1.04) F(2,146)=0.40

Treatment Expectancies 
h 5.37 (1.90) 5.71 (1.77) 5.26 (2.02) 5.05 (1.86) F(2,146)=1.55

Pre-Intervention Diary Compliance 
i 2.87 (0.43) 2.81 (0.43) 2.91 (0.42) 2.89 (0.43) F(2,149)=0.90

Pre-Intervention EMA Compliance 10.81 (1.35) 10.71 (1.32) 10.90 (1.32) 10.84 (1.32) F(2,150)=0.31

Post-Intervention Diary Compliance 
i 2.80 (0.62) 2.76 (0.60) 2.83 (0.60) 2.81 (0.60) F(2,149)=0.19

Post-Intervention EMA Compliance 10.14 (2.41) 9.98 (2.36) 10.02 (2.36) 10.41 (2.36) F(2,150)=0.42

Ambulatory Assessment Counterbalance χ2(2)=3.10

Pre: Thurs-Sat; Post: Sun-Tues 103 (67.32%) 44 (75.86%) 36 (62.07%) 23 (62.16%)

J Pers Soc Psychol. Author manuscript; available in PMC 2019 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lindsay et al. Page 51

B. Adherence, treatment expectancies, and pre-intervention outcomes of randomized participants in Study 2.

Characteristic Full Sample (N=153)
Monitor + 
Accept 
(N=58)

Monitor Only (N=58) Control (N=37) Condition Difference Statistic

Pre: Sun-Tues; Post: Thurs-Sat 50 (32.68%) 14 (24.14%) 22 (37.95%) 14 (37.84%)

Pre-Intervention Diary PA (overall)
i 3.40 (1.01) 3.40 (1.00) 3.31 (1.00) 3.54 (1.00) χ2(2)=1.20

Pre-Intervention EMA PA 3.90 (0.96) 3.95 (0.96) 3.81 (0.95) 3.96 (0.95) χ2(2)=0.89

Pre-Intervention Diary NA (overall)
i 2.18 (0.78) 2.10 (0.77) 2.31 (0.77) 2.11 (0.77) χ2(2)=2.62

Pre-Intervention EMA NA 2.16 (0.70) 2.08 (0.70) 2.24 (0.70) 2.16 (0.70) χ2(2)=1.57

Note: Data are reported as means (SD) or numbers (%). Intervention Drop-outs is reported as number of drop-outs at the completion of the 
intervention period. Ambulatory Assessment Compliance is reported as number of surveys completed; in Study 1, there were 15 possible EMA 
surveys and 3 possible diary surveys at pre- and post-intervention, and in Study 2, there were 12 possible EMA surveys and 3 possible diary 
surveys at pre- and post-intervention. EMA = Ecological Momentary Assessment, PA = Positive Affect, NA = Negative Affect.

a
N=98 (MA N=52; MO N=46).

b
N=100 (MA N=52; MO N=48).

c
N=95 (MA N=50; MO N=45).

d
N=95 (MA N=51; MO N=44).

e
N=133 (MA N=53; MO N=51; NT N=29).

f
N=136 (MA N=54; MO N=53; NT N=29).

g
N=150 (MA N=57; MO N=56; Control N=37).

h
N=149 (MA N=56; MO N=56; Control N=37).

i
N=152 (MA N=58; MO N=57; Control N=37).

*
p<.05
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Table 3.

A. Multilevel mixed effects linear model results for diary-assessed Positive and Negative Affect (overall) in Study 1.

Positive Affect
a
 B (SE) z Negative Affect

a
 B (SE) z

Interceptb (γ00) 3.32 (.35) 9.49* 2.59 (.24) 10.82*

Time (pre vs. post) (γ10) 0.71 (.12) 5.86* −0.54 (.11) −4.91*

Condition

 MA vs. MO (γ01) 0.32 (.24) 1.31 −0.07 (.18) −0.41

 MA vs. NT (γ02) −0.06 (.39) −0.16 −0.20 (.27) −0.74

Condition × Time

MA vs. MO × pre vs. post (γ11) −0.35 (.17) −2.03* 0.25 (.16) 1.59

 MA vs. NT χ pre vs. post (γ12) −0.63 (.20) −3.22* 0.52 (.18) 2.93*

Cohort

 2 (γ03) 0.01 (.22) 0.05 0.09 (.15) 0.60

 3 (γ04) 0.21 (.22) 0.95 0.01 (.15) 0.03

Instructor (γ05) −0.13 (.21) −0.61 −0.14 (.15) −0.92

Estimate 95% CI (.15) Estimate 95% CI

Within-subjects error (rti) 0.63 (.04) 0.55, 0.72 0.53 (.04) 0.46, 0.60

Between-subjects error (u0i) 0.88 (.13) 0.65, 1.18 0.35 (.06) 0.25, 0.49

B. Multilevel mixed effects linear model results for diary-assessed Positive and Negative Affect (overall) in Study 2.

Positive Affect
c
 B (SE) z Negative Affect

c
 B (SE) z

Intercept
d
 (γ00) 3.31 (.15) 21.76* 2.13 (.12) 17.85*

Time (pre vs. post) (γ10) 0.70 (.10) 6.77* −0.31 (.08) −3.66*

Condition

 MA vs. MO (γ01) −0.09 (.19) −0.46 0.21 (.14) 1.47

 MA vs. control (γ02) 0.15 (.21) 0.69 0.00 (.16) 0.03

Condition × Time

 MA vs. MO × pre vs. post (γ11) −0.35 (.14) −2.48* 0.03 (.12) 0.27

 MA vs. control × pre vs. post (γ12) −0.54 (.16) −3.39* 0.22 (.13) 1.64

Day of Week

 Monday (γ20) −0.12 (.10) −1.16 0.00 (.09) 0.04

 Tuesday (γ30) −0.02 (.10) −0.23 −0.13 (.09) −1.46

 Thursday (γ40) 0.05 (.11) 0.43 0.07 (.09) 0.80

 Friday (γ50) 0.21 (.11) 1.97* 0.02 (.09) 0.21

 Saturday (γ60) 0.40 (.11) 3.72* −0.14 (.09) −1.56

Estimate 95% CI Estimate 95% CI

Within-subjects error (rti) 0.77 (.04) 0.69, 0.86 0.52 (.03) 0.47, 0.58
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B. Multilevel mixed effects linear model results for diary-assessed Positive and Negative Affect (overall) in Study 2.

Positive Affect
c
 B (SE) z Negative Affect

c
 B (SE) z

Between-subjects error (u0i) 0.72 (.10) 0.55, 0.95 0.40 (.06) 0.30, 0.54

a
N=129.

b
Reference group: condition: MA; time: Pre; cohort: 1; instructor: NT. 

c
N=152.

d
Reference group: condition: MA; time: Pre; day of week: Sunday.

*
p<.05
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Table 4.

A. Multilevel mixed effects linear model results for Ecological Momentary Assessment Positive and Negative Affect in Study 1.

Positive Affect
a

Negative Affect
a

B (SE) z B (SE) z

Intercept
b
 (γ000) 3.60 (.33) 10.81* 2.38 (.22) 10.99*

Time (pre vs. post) (γ010) 0.61 (.07) 8.24* −0.40 (.07) −5.84*

Condition

 MA vs. MO (γ001) −0.03 (.21) −0.16 −0.10 (.14) −0.69

 MA vs. NT (γ002) −0.03 (.36) −0.07 0.06 (.24) 0.25

Condition × Time

 MA vs. MO × pre vs. post (γ011) −0.12 (.11) −1.12 0.19 (.10) 1.87

 MA vs. NT × pre vs. post (γ012) −0.52 (.13) −3.89* 0.22 (.12) 1.74

Time of Day (γ100) 0.04 (.02) 2.28* −0.03 (.01) −2.07*

Cohort

 2 (γ003) 0.00 (.20) 0.00 0.07 (.13) 0.54

 3 (γ004) 0.28 (.22) 1.28 −0.08 (.14) −0.61

Instructor (γ005) 0.01 (.20) 0.07 0.03 (.13) 0.23

Estimate 95% CI Estimate 95% CI

Within-subjects error (rtdi) 1.31 (.04) 1.24, 1.39 1.13 (.03) 1.07, 1.20

Day level error (uodi) 0.13 (.03) 0.09, 0.21 0.09 (.02) 0.05, 0.15

Between-subjects error (u00i) 0.85 (.12) 0.64, 1.12 0.31 (.05) 0.23, 0.43

B. Multilevel mixed effects linear model results for Ecological Momentary Assessment Positive and Negative Affect in Study 2.

Positive Affect
c
 B (SE) z Negative Affect

c
 B (SE) z

Interceptd (γ000) 3.72 (.15) 25.19* 2.15 (.12) 18.61*

Time (pre vs. post) (γ010) 0.36 (.07) 4.96* −0.26 (.06) −3.95*

Condition

 MA vs. MO (γ001) −0.14 (.18) −0.81 0.16 (.13) 1.25

 MA vs. control (γ002) 0.01 (.20) 0.07 0.08 (.15) 0.57

Condition × Time

 MA vs. MO × pre vs. post (γ011) −0.22 (.10) −2.22* −0.03 (.09) −0.31

 MA vs. control × pre vs. post (γ012) −0.36 (.11) −3.23* 0.09 (.10) 0.96

Day of Week

 Monday (γ020) −0.22 (.08) −2.57* 0.14 (.08) 1.80

 Tuesday (γ030) −0.02 (.08) −0.19 0.02 (.08) 0.20

 Thursday (γ040) −0.07 (.08) −0.94 −0.01 (.07) −0.10

 Friday (γ050) 0.06 (.09) 0.64 0.05 (.08) 0.67

 Saturday (γ060) 0.21 (.09) 2.38* −0.17 (.08) −2.11*
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B. Multilevel mixed effects linear model results for Ecological Momentary Assessment Positive and Negative Affect in Study 2.

Positive Affect
c
 B (SE) z Negative Affect

c
 B (SE) z

Time of Day (γ100) 0.10 (.02) 5.03* −0.03 (.02) 1.68

Estimate 95% CI Estimate 95% CI

Within-subjects error (rtdi) 1.41 (.04) 1.34, 1.48 1.12 (.03) 1.07, 1.19

Day level error (u0di) 0.12 (.03) 0.08, 0.19 0.11 (.02) 0.07, 0.16

Between-subjects error (u00i) 0.73 (.10) 0.57, 0.95 0.34 (.05) 0.26, 0.46

a
N=136.

b
Reference group: condition: MA; time: Pre; time of day: first survey (9:00-11:00am); cohort: 1; instructor: NT.

c
Note: N=153.

d
Reference group: condition: MA; time: Pre; day of week: Sunday; time of day: first survey (9-11:30am).

*
p<.05
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