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Abstract 

Interventions based on mindfulness meditation are increasingly common and evidence exists 

supporting their use.  However, questions remain regarding treatment mechanisms accounting 

for beneficial effects.  The current study examined one candidate mechanism – mindfulness 

practice quality – as a mediator of the link between practice time and outcome within 

mindfulness-based stress reduction (MBSR).  Participants (n=96) completed measures of 

mindfulness and psychological symptoms at baseline and post-treatment.  A weekly 

questionnaire assessed practice time and quality over the eight weeks of MBSR.  Multilevel 

models accounted for nesting within participants, MBSR groups, and instructors.  Results 

generally supported the reliability and validity of a weekly single-item practice quality measure.  

Greater practice time was associated with improved practice quality (r=.48).  Increases in 

practice quality predicted improvements in self-report mindfulness and psychological symptoms 

(s=.35, .30, and -.19, ps<.05,), but not behavioral mindfulness (=-.02, p = .879).  In multilevel 

mediation models, improved practice quality mediated the link between practice time and 

changes in self-report mindfulness, suggesting improved practice quality functions as a 

mechanism linking practice time and outcome in MBSR.  Future research evaluating practice 

quality in clinical samples, in tandem with intensive sampling paradigms (e.g., experience 

sampling) and objective (behavioral, physiological) outcomes may be warranted. 

Keywords: mindfulness; meditation; mindfulness-based stress reduction; practice quality 

Public Significance Statement:  This study suggests that improvement in practice quality 

functions as a mechanism linking meditation practice time and outcomes within mindfulness-

based stress reduction. 
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Does practice quality mediate the relationship between practice time and outcome in 

mindfulness-based stress reduction? 

 “Practice does not make perfect, only perfect practice makes perfect.” - Vince Lombardi 

 Psychosocial interventions based on mindfulness meditation have become an increasingly 

visible part of the healthcare landscape (Demarzo, Cebolla, & Garcia-Campayo, 2015).  

Epidemiological data suggest that among Unites States adults, utilization of meditation has more 

than tripled between 2012 and 2017 (4.1% to 14.2% used in the past year; Clarke, Barnes, Black, 

Stussman, & Nahin, 2018) and psychological reasons are among the most common motivations 

for practicing mindfulness meditation (e.g., 92% report using for stress management; Burke, 

Lam, Stussman, & Yang, 2017).  While the original mindfulness-based intervention was 

designed to address chronic pain (Mindfulness-Based Stress Reduction [MBSR]; Kabat-Zinn, 

2013), a variety of mindfulness-based interventions (MBIs) have now been developed targeting a 

variety of psychiatric conditions including depression, substance abuse, and eating disorders.  

Recent meta-analytic evidence suggests that these interventions perform on par with frontline, 

evidence-based treatments when compared directly (Goldberg et al., 2018). 

 The theoretical underpinnings of MBIs are derived from Buddhist contemplative 

practices emphasizing the cultivation of mindful attention that is present-focused and nonreactive 

(Kabat-Zinn, 2013).  This occurs through increased meta-awareness (i.e., awareness of one’s 

own mental processes) coupled with dereification of the contents of thought and perception (i.e., 

seeing thoughts as “just thoughts” rather than as objective reality; Wielgosz, Goldberg, Kral, 

Dunne, & Davidson, 2019).  Within the theory of MBIs, mindfulness is developed through 

formal (e.g., sitting meditation) and informal (e.g., awareness in daily life) meditation practice, 
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which lead to increased emotion regulation and improved well-being in the context of daily life 

(Wielgosz et al., 2019). 

Research on MBIs has begun to turn from developing novel treatments to identifying key 

treatment ingredients and mechanisms of action (Gu, Strauss, Bond, & Cavanagh, 2015).  These 

efforts are important not only for deepening scientific understanding of MBIs but also have 

direct relevance for optimizing the efficacy and acceptability of MBIs.  Mindfulness meditation 

practice is a central treatment ingredient in MBIs and standardized MBIs often recommend 

participants engage in a substantial amount of home practice (e.g., 45 minutes per day, six days 

per week; Kabat-Zinn, 2013).  However, overly burdensome home practice requirements may 

limit treatment adherence and acceptability (Adams et al., 2018).  Thus, research investigating 

this aspect of MBIs is important at the current stage of research, both for a deeper understanding 

of treatment mechanisms and exploring potential facilitators and barriers to dissemination and 

implementation (Crane & Kuyken, 2013; Dimidjian & Segal, 2015). 

 While central to the theory of MBIs, mindfulness practice itself has to date remained 

largely a black box.  Available evidence suggests that at the participant level, greater home 

practice is associated with larger reductions in psychological symptoms (r = .26, k = 43 studies; 

Parsons, Crane, Parsons, Fjorback, & Kuyken, 2017).  Yet, the mechanisms through which 

practice time actually operates are unclear.  Lacking a clear understanding of how practice time 

impacts outcome may limit participants’ and instructors’ ability to use this time most effectively. 

One possibility consistent with the theory underlying MBIs is that practice time is 

important insofar as it facilitates improvement in the quality of one’s mindfulness practice (i.e., 

implementation of mindfulness skills during practice periods; Del Re, Flückiger, Goldberg, & 

Hoyt, 2013).  This notion is in keeping with literature on the development of expertise 
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emphasizing focused, effortful practice versus simply acquiring experience or engaging in a 

more hobby-like or automated fashion (Ericsson, 2008).  In theory, higher quality practice may 

both facilitate and reflect an individuals’ acquisition of mindfulness skills relevant for daily life 

and therefore have a more proximal impact on treatment outcomes than practice time. 

Two previous studies have examined the construct of practice quality within MBIs.  Del 

Re, Flückiger, Goldberg and Hoyt (2013) developed a seven-item measure – the Practice Quality 

– Mindfulness (PQM) – designed to assess MBSR participants’ effortful, deliberate engagement 

during a period of mindfulness meditation practice.  Results supported the measure’s internal 

consistency, convergent and construct validity, and changes in PQM scores predicted pre-post 

changes in psychological symptoms.  In a second study, Goldberg, Del Re, Hoyt and Davis 

(2014) examined the PQM within a mindfulness-based smoking cessation intervention.  The 

PQM again showed internal consistency and increased over the course of training.  Replicating 

and extending Del Re et al., Goldberg et al. found that changes in practice quality (and not 

practice time) predicted psychological functioning at five-month follow up. 

These studies highlight the potential importance of practice quality but fail to assess 

directly the possibility that improvement in practice quality functions as a proximal mechanism 

(i.e., mediator) linking practice time and outcome.  This possibility is crucial to evaluate, as it 

can directly inform the implementation of MBIs.  If practice quality indeed mediates the 

relationship between practice time and outcome, instructors and participants could be encouraged 

to emphasize and perhaps monitor quality (in addition to quantity) routinely over the course of 

MBIs (as in routine outcome monitoring; Wampold, 2015).  Likewise, researchers could evaluate 

ways of enhancing this aspect of treatment in efforts to optimize the efficacy and acceptability of 

MBIs.  Further, the existing literature examining the PQM as a predictor of outcome has been 



PRACTICE QUALITY AS MECHANISM 

 7 

limited by small sample sizes (e.g., ns = 19 and 43; Del Re et al., 2013; Goldberg et al., 2014) 

and exclusive reliance on self-report measures of psychological variables. 

 The current study aimed to address these limitations and directly assess improvement in 

practice quality as a mediator linking practice time and outcomes within MBIs.  This was 

examined in a sample of 96 MBSR participants drawn from a community setting.  We included a 

combination of self-report measures assessing mindfulness and psychological symptoms along 

with a behavioral task purported to measure mindfulness.  Formal tests of mediation (Tingley, 

Yamamoto, Hirose, Keele, & Imai, 2014) were conducted within a multilevel model framework 

accounting for participant nesting within groups and instructors.  Of note, the current study was 

not designed to test the efficacy of MBSR. 

Method 

Participants and procedure 

 Participants were recruited from a local MBSR program in a medium-sized, Midwestern 

city.  Members of the research team attended MBSR orientation sessions and provided a verbal 

description of study procedures to prospective participants.  All data collection occurred online.  

Procedures included the completion of an online survey and behavioral task (described below) at 

pre- and post-MBSR along with a brief, weekly questionnaire assessing mindfulness practice 

time and quality.  Participants were paid $50 for completing pre- and post-treatment measures.  

Study procedures were approved by the relevant Institutional Review Board. 

 A total of 215 individuals were offered participation in the study, with 122 providing 

consent and completing baseline measures, 96 completing at least two weekly questionnaire 

assessing practice time and quality (necessary for longitudinal growth curve models), and 89 

completing all study procedures.  Participants who completed weekly questionnaires did not 
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differ from those who did not on any study variable (p > .050).  Demographics of the analytical 

sample are presented in Supplemental Materials Table 1.  The sample was predominantly white 

(82.3%), female (70.8%), college graduates (85.4%), aged 47.61 (SD = 12.72). 

 Following the orientation meeting, participants engaged in a standard, eight-week MBSR 

course (Kabat-Zinn, 2013).  Participants were drawn from 18 classes taught by nine experienced 

instructors.  Classes had on average 15.78 members (SD = 2.13) and 5.67 study participants (SD 

= 2.35, range = 2 to 11).  Instructors taught between one and four classes (mean = 2, SD = 1.12).  

The MBSR program at this site has been offering courses for over 20 years.  The MBSR 

instructors had on average 16.72 years of personal meditation practice (SD = 6.82), 12.11 years 

(SD = 5.23) of meditation teaching experience, and had taught 24 MBSR courses (SD = 14.96).  

Instructors were on average 56.25 years old (SD = 9.04), white (88.9%), and female (66.7%). 

Measures 

 Baseline measures. Two measures were collected only at baseline.  These included a 

basic demographic questionnaire and the Marlowe-Crowne Social Desirability Scale – Short 

Form (MCSD; Reynolds, 1982).  The MCSD is intended to capture participants’ tendency to 

respond in a socially desirable (rather than accurate) way and has been used to model this 

response set bias.  Higher scores indicate a greater tendency to respond in socially desirable 

ways.  The 13-item MCSD which was used has shown good convergent validity with longer 

versions (Reynolds, 1982); internal consistency was acceptable (Kuder-Richardson = .72). 

 Pre- and post-treatment measures.  Mindfulness.  Three self-report measures and one 

behavioral task assessed aspects of mindfulness (trait mindfulness, mindfulness practice quality) 

at pre- and post-treatment.  Five Facet Mindfulness Questionnaire (FFMQ; Baer, Smith, 

Hopkins, Krietemeyer, & Toney, 2006) is a widely used 39-item measure designed to assess 
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mindfulness across five dimensions: acting with awareness, observing, describing, nonreactivity, 

and nonjudging.  Responses range from 1 (never or rarely true) to 5 (very often or always true).  

A total score was computed across all items (range = 39 to 195) to reduce the number of tests 

conducted and based on prior work demonstrating a hierarchical structure including all five 

factors (Baer et al., 2006).  Higher scores indicate higher self-report trait mindfulness.  Internal 

consistency was high ( = .94). 

 Mindful Attention Awareness Scale (MAAS; Brown & Ryan, 2003) is a widely used 15-

item measure of present-moment awareness. Responses range from 1 (almost always) to 6 

(almost never).  The MAAS is responsive to mindfulness training, correlates in expected 

directions with measures of wellbeing, and differentiates between individuals with and without 

meditation experience (Brown & Ryan, 2003).  A total score was computed across all items 

(range = 15 to 90), with a higher score reflecting greater mindful attention in daily life.  Internal 

consistency reliability was high ( = .90). 

 Breath counting task (BCT; Levinson, Stoll, Kindy, Merry, & Davidson, 2014) was 

administered as a behavioral measure of mindfulness.  Based on a traditional mindfulness 

meditation technique, this task requires participants to count their breaths from one to nine 

(Levinson et al., 2014).  Participants are instructed to press the “j” key for all breaths between 

one and eight and press the “k” key for the ninth breath.  Breath counting accuracy is computed 

as the proportion of responses in which the appropriate key is pressed, with a higher accuracy 

score interpreted as greater behavioral mindfulness (range = 0.0 to 1.0).  The initial study 

validating the BCT found the measure to be reliable across time, correlated with self-report 

measures of mindfulness, able to differentiate meditators from meditation naïve controls, and 

associated with mood and meta-awareness (Levinson et al., 2014).  A subsequent study also 
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showed adequate test-retest reliability (ICC = .48) and found the BCT to be associated with 

measures of attention, although not with self-report mindfulness (Wong et al., 2018). 

 Practice Quality-Mindfulness (PQM; Del Re, Flückiger, Goldberg, & Hoyt, 2013) was 

administered at pre- and post-treatment directly following the BCT.  The PQM is a seven-item 

self-report measure intended to assess the degree to which an individual engages with 

mindfulness practice as intended (e.g., “During practice, I was struggling against having certain 

experiences [e.g., unpleasant thoughts, emotions, and/or bodily sensations].”)  Responses range 

from 0 to 100%.  As noted, the PQM has shown structural, convergent, construct, and predictive 

validity (Del Re et al., 2013; Goldberg et al., 2014).  A total score was computed by averaging 

across all items (range = 0 to 100), with higher scores indicating higher self-report practice 

quality.  Internal consistency reliability was adequate in the current sample ( = .71). 

 Depression Anxiety and Stress Scale (DASS; Lovibond & Lovibond, 1995) is a widely 

used, 42-item measure assessing symptoms associated with, anxiety, and stress in the past week.  

The DASS has shown evidence for reliability (internal consistency, test-retest), structural, 

convergent, and discriminant validity and has been used to study both clinical and non-clinical 

manifestations of depression, anxiety, and stress (Brown, Chorpita, Korotitsch, & Barlow, 1997; 

Crawford & Henry, 2003).  Responses range from 0 (did not apply to me at all) to 3 (applied to 

me very much or most of the time).  A total score was computed by summing across all items 

(range = 0 to 126) with a higher score indicating the presence of more psychological symptoms 

in the past week.  Internal consistency reliability was high in the current sample ( = .93). 

  Weekly questionnaire.  Practice time.  Two items assessed average daily formal 

(“Approximately how many minutes per day did you engage in formal mindfulness practice 

[e.g., sitting meditation, body scan] this week?”) and informal (“Approximately how many 
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minutes per day did you engage in informal mindfulness practice [e.g., dropping-in, mindful 

eating] this week?”) practice in the past week.  Total practice time was computed by summing 

across formal and informal practice.  Practice time values were inspected for the possibility of 

reporting errors.  Values greater than 120 minutes of either formal or informal practice were 

deemed likely errors (given the MBSR recommendation of 45 minutes).  These responses were 

quite rare (1.6% and 0.5% of responses for formal and informal minutes, respectively) and were 

treated as missing in the primary models (i.e., participants’ average practice time was computed 

without them).  A sensitivity analysis was also conducted retaining raw practice time values. 

 Single-item PQM.  In order to reduce participant burden and increase adherence to 

weekly online questionnaires, a single item assessed practice quality (“How would you rate the 

overall quality of your meditation practice?”).  Participants responded on a 1 to 10 Likert-type 

scale, with higher scores indicating higher practice quality.  Reliability and validity of the single-

item PQM were assessed in the current study. 

Data Analysis 

 Descriptive statistics were computed first, including models examining intercorrelations 

between baseline variables.  Multilevel models were used to account for the nesting of 

observations within participants, instructors, and groups (Snijders & Bosker, 2012). 

Single-item PQM reliability and validity.  A series of models evaluated the validity and 

reliability of the single-item PQM.  Test-retest reliability was assessed by examining stability 

across participants’ first two single-item PQM scores.  Convergent validity was assessed by 

examining the association between single-item PQM scores provided within the first week of 

MBSR and the full PQM administered at baseline following the BCT.  Discriminant validity was 

assessed by examining the association between initial single-item PQM ratings and social 
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desirability.  Construct validity was assessed by examining changes in single-item PQM scores 

over the course of MBSR and by examining the association between changes in single-item 

PQM scores and overall practice time.  Predictive validity was assessed by examining the 

association between changes in single-item PQM scores and changes in mindfulness and 

psychological symptoms over the course of MBSR. 

 Changes in single-item PQM scores over time.  Longitudinal, multilevel models 

evaluated changes in single-item PQM scores over the course of MBSR using the ‘lme4’ 

package (Bates, Mächler, Bolker, & Walker, 2015) in the R statistical software environment (R 

Core Team, 2018).  Models were compared using 2 tests to assess improvements in fit 

associated with the addition of a quadratic time effect and random slopes.  The final model 

included both random intercept and random slope components (see Supplemental Materials 

Table 2).  Random slope coefficients were extracted from the final model to reflect change in 

single-item PQM scores over the course of MBSR. 

 Multilevel mediation.  Multilevel mediation models evaluated changes in single-item 

PQM scores as a mediator of the link between practice time and outcome.  As a formal test of 

mediation, estimates of the indirect effect (i.e., effect of practice time on outcome through 

changes in practice quality) were examined using the ‘mediate’ package with n = 1000 Monte 

Carlo draws for quasi-Bayesian approximation (Tingley et al., 2014).  Standardized versions of 

the outcome and predictor variables (i.e., z-transformed) were used to aid in interpretation. 

 Sensitivity analyses.  Four sensitivity analyses assessed the robustness of the mediation 

findings.  Models were run with unlikely practice time values retained (i.e., raw values), practice 

time restricted to formal practice, controlling for social desirability, and using non-parametric 

bootstrapped confidence intervals which relax regression assumptions (Fox & Weisberg, 2011). 
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Results 

Descriptive Statistics 

 Sample descriptive statistics are reported in Supplemental Materials Table 1.  

Examination of correlations between study variables at baseline showed significant associations 

between several self-report outcomes and social desirability as well as between self-report 

mindfulness, practice quality, and psychological symptoms (Supplemental Materials Table 3).  

Behavioral mindfulness (BCT) was not associated with either self-report measure of mindfulness 

(FFMQ, MAAS) or with practice quality (full PQM; rs <.04).  Baseline BCT scores were also on 

average close to one (0.96), suggesting possible ceiling effects.  Study variables were within 

recommended bounds for normality (Kim, 2013), with the exception of baseline BCT and 

informal practice time.  Intraclass correlations representing the proportion of variance in scores 

occurring at the participant- (for weekly measures), group-, and instructor-levels of nesting are 

reported in Supplemental Materials Table 4.  No evidence of group or instructor effects was 

found for any outcome variable (ICCs ≤ 1%).  A small proportion of variance in practice time 

appeared at the group level, although the bulk of the variance was participant-level (ICC = .60 

for total practice time).  All non-residual variance in single-item PQM ratings was participant-

level (ICC = .55). 

Single-Item PQM Reliability and Validity 

 A total of 570 single-item PQM ratings were provided, with a mean of 5.94 assessment 

per participant (SD = 1.43, range = 2 to 8).  The single-item PQM showed adequate test-retest 

reliability between the first and second administration (r = .75, p < .001).  Evidence for 

convergent validity was found in a medium-sized positive association between the pre-treatment 

full PQM (administered following the BCT) and single-item PQM scores provided within the 
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first week of MBSR (r = .39, p = .008).  Initial single-item PQM ratings were not associated with 

social desirability (r = .11, p = .478), supporting the measure’s discriminant validity.  Construct 

validity was supported by a moderate, positive association between changes in single-item PQM 

ratings and average daily practice time (r = .48, p < .001).  Supporting the measure’s predictive 

validity, increases in single-item PQM ratings were associated with higher post-treatment self-

report mindfulness (s = .35 and .30, ps < .001 for FFMQ and MAAS, respectively) and lower 

psychological symptoms (  = -.19, p = .013) when controlling for pre-treatment.  Increases in 

single-item PQM scores were not associated with post-treatment behavioral mindfulness ( = -

.02, p = .879). 

Changes in Single-Item PQM Scores Over Time 

A series of nested models assessed changes in single-item PQM scores over the course of 

MBSR.  A model including both a fixed and random effect for time provided optimum fit 

(superior to models without these elements as well a model with an additional quadratic term for 

time, see Supplemental Materials Table 5).  The full final model is reported in Supplemental 

Materials Table 6.  The model indicated a positive fixed effect for time (B = 0.12 per week, p < 

.001).  Random slope coefficients were extracted from this model representing participant-level 

changes in single-item PQM scores over time. 

 As a longitudinal test of the relationship between single-item PQM scores and practice 

time, a cross-level interaction was added to the final single-item PQM longitudinal model.  A 

significant interaction was detected between time (in weeks) and average daily practice time (B = 

0.004, t[87.64] = 2.51, p = .014).  As shown in Supplemental Materials Figure 1, greater practice 

time predicted a steeper increase in practice quality on the single-item PQM.   

Multilevel Mediation 
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 As noted above, a significant relationship was found between practice time and 

improvement in practice quality (i.e., predictor and mediator; Baron & Kenny, 1986).  In 

addition, greater overall practice time was associated with higher post-treatment self-report 

mindfulness ( = .28, p < .001 and  = .24, p = .003, for FFMQ and MAAS, respectively) and 

lower post-treatment psychological symptoms ( = -.20, p = .011, for DASS) when controlling 

for pre-treatment (i.e., predictor and outcome).  Practice time was not associated with post-

treatment behavioral mindfulness ( = .03, p = .764, for BCT) when controlling for pre-

treatment. 

 In multilevel mediation models, a significant indirect effect of practice time on changes 

in self-report mindfulness through improved practice quality was found suggesting mediation 

(average causal mediation effect [ACME]  = .14 [.06, .24], p < .001, and ACME  = .12 [.04, 

.22], p < .001, for FFMQ and MAAS, respectively).  The indirect effect was not significant for 

psychological symptoms (ACME  = -.06 [-.15, .03], p = .172 for DASS) or behavioral 

mindfulness (ACME  = -.02 [-.14, .10], p = .740). 

Sensitivity Analyses 

 Significance tests for estimates of the indirect effect of practice time through changes in 

practice quality were equivalent across four sensitivity analyses (Supplemental Materials Table 

7), with two exceptions: a significant indirect effect of practice time on psychological symptoms 

through practice quality was present for the analyses using raw practice time values or formal 

practice time only (AMCEs = -.08, ps < .05). 

Discussion 

 The current study explored the possibility that improved mindfulness practice quality 

mediates the link between practice time and outcomes in the context of MBSR.  Results 
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corroborated two previous studies showing that practice quality predicts treatment outcome (Del 

Re et al., 2013; Goldberg et al., 2014).  Importantly, results extended prior work showing 

practice quality may function as a mechanism underlying the beneficial effects of practice time, 

with improved practice quality acting as a mediator linking practice time and outcome.  Given 

the novel assessment of practice quality using a single-item, reliability and validity evidence for 

this measure is important to consider prior to discussing the mediation results. 

Several pieces of evidence supported the reliability and validity of the single-item PQM.  

The single-item PQM showed adequate test-retest reliability, modest convergent validity (with 

the full PQM at baseline), and discriminant validity (uncorrelated with social desirability).  

Construct validity was supported by increases in single-item PQM scores over the course of 

MBSR and a strong relationship between changes in single-item PQM scores and total practice 

time.  Supporting the measure’s predictive validity, increases in single-item PQM scores 

predicted improvements at post-treatment in several study outcomes including self-report 

mindfulness and psychological symptoms, although not behavioral mindfulness.  The lack of 

association with improvements in behavioral mindfulness may reflect a limitation of the single-

item PQM.  It may also reflect limitations of the BCT, which was uncorrelated with self-report 

mindfulness at baseline in the current sample and appeared at risk for ceiling effects.  However, 

taken together, the single-item PQM appeared to have generally desirable psychometric features.   

Evidence for reliability and validity of the single-item PQM is notable particularly given 

single-item measures are likely to be less reliable (i.e., more confounded with error variance; 

Crocker & Algina, 2008) attenuating tests of validity.  Reasonable concerns about the use of 

single-item measures have been made, and simulation studies suggest that single-item scales 

rarely match the predictive validity of multi-item scales (Diamantopoulos, Sarstedt, Fuchs, 
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Wilczynski, & Kaiser, 2012).  However, single-item scales with strong psychometric properties 

have been developed (e.g., de Boer et al., 2004) and their use has been recommended within 

intensive sampling paradigms (e.g., daily diary, experience sampling; Fisher & To, 2012). 

Longitudinal models further clarified changes in single-item PQM scores over the course 

of MBSR.  A significant random slope coefficient indicated that participants varied in their rate 

of change in single-item PQM scores over the course of MBSR.  Supporting a theory-specified 

link between practice time and practice quality, a cross-level interaction indicated that change in 

single-item PQM scores were steeper for participants with higher average practice time. 

 Finally, multilevel mediation models indicated an indirect effect of practice time on post-

treatment self-reported mindfulness mediated through improvements in practice quality.  This 

effect was robust across four sensitivity analyses, suggesting it is not driven by treatment of 

practice time outliers, inclusion of informal practice, social desirability, or violation of regression 

assumptions.  Practice quality did not mediate effects on psychological symptoms in the primary 

model, although an indirect effect was detected when using raw practice time values and 

restricting to formal practice.  The possibility that certain kinds of practice (i.e., formal vs. 

informal) relate differently to practice quality could be explored further.  There was no evidence 

for mediation effects on behavioral mindfulness. 

 Taken together, our findings suggest practice quality is an important mechanism within 

the context of MBIs given changes in single-item PQM scores mediated the link between 

practice time and two commonly used self-report measures of mindfulness (FFMQ, MAAS).  

Although not without substantial psychometric and conceptual limitations (Goldberg et al., in 

press), self-report mindfulness appears to tap psychological tendencies at least partially 
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responsible for the therapeutic effects of MBSR and MBCT (Gu et al., 2015).  A process variable 

that predicts improvements on these measures may be of scientific and clinical value. 

  Several research and clinical implications are worth noting.  From a clinical standpoint, 

this study suggests that, similar to the development of other skills (Ericsson, 2008), the quality of 

one’s mindfulness practice matters.  Thus, rather than solely encouraging participants to engage 

in a certain quantity of practice, emphasis should also be placed on engaging in high quality 

practice.  Within the context of MBSR, in which participants are often relatively naïve to 

meditation practice, this deliberate, high quality practice may primarily involve applying 

appropriate effort during meditation practice (Bodhi, 2005) and gently discouraging the mind 

from freely engaging in habitual mental tendencies (e.g., mind wandering).  Encouraging 

participants to attend to the quality of their practice may need to be done delicately, so as not to 

generate counter-productive attitudinal stances (e.g., harsh self-judgment, strained effort).  At 

more advanced stages of practice (i.e., long-term meditation practitioners), the meaning of 

practice quality may shift, perhaps becoming less deliberate and more intuitive as mental habits 

are more deeply inculcated and an individual is better able to effortlessly monitor performance 

(Ericsson, 2008).  Of course, the current results do not suggest that practice time is unimportant, 

but rather its importance may occur through its association with improved practice quality.  

Practice quality may be a useful clinical feature for MBSR participants and instructors to track, 

in keeping with routine outcome monitoring and measurement-based care (Wampold, 2015).  

Stagnant or deteriorating practice quality could alert instructors and participants of difficulties 

that need to be addressed. 

 From a research standpoint, our results support future work examining this aspect of 

MBIs.  Results suggest that practice quality may be a modifiable mechanism that influences 
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outcomes within MBIs (i.e., changes in self-report mindfulness and psychological symptoms).  

However, research in this area is nascent.  Researchers studying MBIs could consider including 

measures of practice quality in future studies, particularly within clinical samples in which 

symptom change is more likely (e.g., MBCT for depression).  The single-item measure used here 

may be one minimally burdensome measure to consider, although a multi-item scale such as the 

full PQM (Del Re et al., 2013) may be preferred (Diamantopoulos et al., 2012).   

It would also be valuable to more thoroughly interrogate the relationship between 

practice time, practice quality, and outcome, for example through randomly assigning 

participants to dosage conditions.  More frequent assessment of practice quality (e.g., after each 

period of formal meditation) and outcomes (e.g., through experience sampling paradigms) may 

help further unpack these relationships.  In particular, such a design could help clarify causal 

relationships between practice quality and outcome.  Broadly, it would be useful to better 

understand what factors influence participants’ ratings of practice quality.  It may be that practice 

quality is partially an epiphenomenon of changes in psychological symptoms and increases in 

mindfulness (i.e., practice is perceived as high quality when these changes are occurring).  This 

possibility of bidirectional or reverse causality is akin to issues raised in the therapeutic alliance 

literature (Flückiger, Del Re, Wampold, & Horvath, 2018) and could be explored using intensive 

longitudinal data (e.g., Falkenström, Granström, & Holmqvist, 2013).   

Future studies could also include additional objective outcome measures or mindfulness 

teacher-rated measures of practice quality to rule out the possibility that links between practice 

quality and outcome are driven by mono-method bias (e.g., social desirability).  It would also be 

helpful to validate self-report practice quality in a laboratory setting with both behavioral (e.g., 

mind-wandering probes) and psychophysiological measures (e.g., autonomic arousal, stress 
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hormones) drawn from the nomological network of practice quality (Levinson et al., 2014).  

Experience sampling paradigms could assess practice quality in daily life.  Lastly, it may be 

worthwhile exploring the nature of practice quality among long-term practitioners, for whom 

practice may function differently (Ericsson, 2008). 

 The current study has several important limitations.  First, we relied heavily on self-

report measures of practice quality, practice time, and outcome.  As noted, this may have inflated 

the observed associations through response set biases (e.g., social desirability).  This potential 

confound may have been attenuated for changes in single-item PQM scores which were derived 

from random slope coefficients (presumably less susceptible to efforts to respond in a socially 

desirable way).  Further, results were unchanged in models controlling for social desirability.  

While we included a behavioral measure purported to measure mindfulness to further assess this 

source of bias, the lack of association between the BCT and self-report mindfulness at baseline 

as well as potential ceiling effects on the measure raises questions regarding its construct 

validity.  Second, as noted previously (Goldberg et al., 2014), self-assessment of practice quality 

may be difficult and unreliable, particularly when an individual is less familiar with mindfulness 

practice and may also have lower meta-awareness (Grossman, 2011).  Our use of a single-item 

practice quality measure may have exacerbated these psychometric limitations and further 

reduced reliability and validity.  Similarly, our single-item measure did not include key aspects 

of deliberate practice (e.g., opportunities for feedback), making it unclear whether it can be 

construed as assessing deliberate practice per se.  Third, practice time and quality were assessed 

weekly (rather than daily, or per meditation practice period), which may have introduced recall 

biases and error (Shiffman, Stone, & Hufford, 2008).  Fourth, a portion of the sample did not 

complete weekly questionnaires and/or post-treatment measures and were thus excluded from 
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some analyses.  Although those who withdrew did not differ from those retained in the study on 

baseline demographic or outcome measures and attrition is to be expected in a primarily remote 

study design (e.g., Arean et al., 2016), it is still conceivable that attrition may have influenced the 

pattern of findings.  Fifth, while larger than previous studies of practice quality, the current 

sample size was relatively modest and true effects may have gone undetected due to Type II 

error.  Sixth, the sample was predominantly white, educated, and female, which may limit 

generalizability to other demographics.  It is vital that future MBI research include more diverse 

participant samples.  Seventh, our use of a non-clinical sample may have restricted the range of 

psychological symptoms and decreased statistical power.  Eighth, our study lacked a follow-up 

assessment point, so the persistence of the observed patterns is unclear. 

 These limitations notwithstanding, the current study extends prior research on practice 

quality within MBIs by demonstrating improvements in practice quality mediate the link 

between practice time and outcome.  Thus, practice time appears impactful in the extent to which 

it leads to improved practice quality.  This work adds to efforts to optimize the delivery of MBIs 

within health care (Crane & Kuyken, 2013), settings in which questions regarding the necessary 

dosage of home practice may directly impact the acceptability of treatment.  Further, this study 

introduces a single-item practice quality measure that could be monitored routinely, providing 

MBI instructors and participants information predictive of post-treatment outcomes. 
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Supplemental Materials Table 1. Sample demographics and descriptive statistics 

 

Variable Valid n Mean SD Min Max Skew Kurtosis n % 

Age 88 47.61 12.72 20 85 0.16 -0.48 
  

Gender 88 
        

Female 
       

68 77.3 

Male 
       

20 22.7 

Race/ethnicity 88 
        

African American 
       

1 1.1 

Asian American 
       

1 1.1 

Latino 
       

1 1.1 

Multiracial 
       

4 4.5 

Other 
       

1 1.1 

White 
       

79 89.8 

College graduate 88 
      

82 93.2 

MCSD 93 4.71 2.83 0 12 0.18 -0.82 
  

FFMQ pre 96 118.39 20.27 65 177 0.21 0.23 
  

FFMQ post 89 139.37 17.76 99 182 0.13 0.01 
  

MAAS pre 96 52.25 12.93 22 88 -0.03 0.04 
  

MAAS post 89 61.67 11.15 23 85 -0.44 0.60 
  

DASS pre 96 24.86 18.05 0 88 0.94 0.52 
  

DASS post 89 15.37 13.48 0 67 1.51 2.42 
  

BCT pre 91 0.96 0.06 0.69 1 -2.58 7.72 
  

BCT post 85 0.97 0.03 0.85 1 -1.81 3.26 
  

PQM pre 93 66.3 16.95 29.43 100 0.01 -0.76 
  

PQM post 81 77.68 15.37 38.43 99.29 -0.58 -0.39 
  

Single-item PQM ratings 570 5.87 1.80 1 10 -0.23 -0.20 
  

Single-item PQM count 96 5.94 1.43 2 8 -1.27 0.86 
  

Single-item PQM slope 96 0.12 0.12 -0.25 0.35 -0.76 0.72 
  

Average daily formal mins 96 27.87 11.81 0 60 0.08 -0.29 
  

Average daily informal mins 96 17.52 16.62 1.07 87 2.20 5.30 
  

Average daily total mins 96 45.38 21.66 8.75 147 1.59 4.72 
  

 Note: Valid n = non-missing n; SD = standard deviation; Min = minimum value; Max = 

maximum value; MCSD = Marlow Crowne Social Desirability Scale – Short Form; FFMQ = 

Five Facet Mindfulness Questionnaire; MAAS = Mindful Attention Awareness Scale; DASS = 

Depression Anxiety and Stress Scales; BCT = Breath Counting Task accuracy; PQM = full 
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Practice Quality – Mindfulness; Single-item PQM slope = random slopes extracted from 

longitudinal models of single-item PQM; mins = average daily practice time.
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Supplemental Materials Table 2.  Multilevel model used to assess change in single-item practice 

quality scores over time 

 

𝑌𝑖𝑗 = 𝛽00 + 𝛽10(𝑇𝑖𝑚𝑒) + [𝑈0𝑗
+ 𝑈1𝑗

(𝑇𝑖𝑚𝑒) + 𝑒𝑖𝑗]    (Equation 1) 

where Yij are single-item PQM ratings made by participant j at week i.  The fixed intercept (00) 

reflects the overall mean rating at baseline across all participants.  The fixed slope (10) reflects 

the overall mean change in single-item PQM scores per additional week of MBSR.  The 

parameters inside the brackets represent random effects that could vary across participants.  

These included a random intercept (U0j) representing each participants’ deviation from the 

overall intercept and a random slope (U1j) representing each participants’ deviation from the 

fixed slope.  Finally, eij reflects the residual error, unique for each participant at each time point.  

Models also included random intercepts (not displayed in Equation 1) to account for nesting of 

participants within instructors and groups.   
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Supplemental Materials Table 3. Association between baseline variables 

 1 2 3 4 5 

1. MCSD      

2. FFMQ .29**     

3. MAAS .16 .77***    

4. DASS -.29** -.49*** -.40***   

5. BCT .01 .03 .02 .02  

6. PQM .42*** .35*** .33** -.27** .14 

Note: MCSD = Marlowe Crowne Social Desirability Scale – Short Form; FFMQ = Five Facet 

Mindfulness Questionnaire; MAAS = Mindful Attention Awareness Scale; DASS = Depression 

Anxiety and Stress Scales; BCT = Breath Counting Task; PQM = full seven-item Practice 

Quality – Mindfulness.  Values represent standardized regression coefficients () from multilevel 

models accounting for nesting of participants within MBSR groups and instructors. *p < .05, **p 

< .01, ***p < .001, tp< .100 
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Supplemental Materials Table 4. Intraclass correlation coefficients at participant-, group-, and 

instructor-levels 

Variable Participant Group Instructor 

MCSD 
 

.00 .00 

FFMQ pre 
 

.00 .01 

FFMQ post 
 

.00 .00 

MAAS pre 
 

.00 .00 

MAAS post 
 

.00 .00 

DASS pre 
 

.00 .00 

DASS post 
 

.00 .01 

BCT pre 
 

.00 .00 

BCT post 
 

.00 .00 

PQM pre 
 

.01 .00 

PQM post 
 

.05 .00 

Weekly single-item PQM ratings .55 .00 .00 

Weekly formal mins .38 .05 .00 

Weekly informal mins .63 .05 .00 

Weekly total mins .60 .00 .00 

Single-item PQM slope 
 

.00 .00 

Average daily formal mins .08 .00 

Average daily informal mins .08 .00 

Average daily total mins .02 .00 

 Note: Participant-level intraclass correlation coefficients (ICCs) only available for measures 

collected weekly.  Values indicate the proportion of variance associated with the particular level 

of nesting.  
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Supplemental Materials Table 5. Results of multilevel model comparisons 

 

Model Log-likelihood 2 df p 

Empty -1021.2 
   

Fixed effect only -1008.3 25.71 1 < .001 

Fixed and random -1001.3 14.01 6 0.030 

Fixed, random, and quadratic -1001.2 0.20 1 0.652 

Note: Empty model = no fixed or random effects; subsequent models added fixed, random, 

and/or quadratic time effects.  
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Supplemental Materials Table 6. Longitudinal model assessing changes in single-item PQM 

scores over time 

Random effects Variance    

Participant Intercept 1.81    

 Week 0.034    

Class Intercept 0.00    

 Week 0.00    

Instructor Intercept 0.00    

 Week 0.00    

Residual  1.26    

      

Fixed effects Estimate SE df t p 

Intercept 5.21 0.19 95.06 27.43 < .001 

Week 0.12 0.03 86 4.01 < .001 
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Supplemental Materials Table 7. Multilevel mediation model sensitivity analyses 

Outcome Predictor Mediator Primary Raw mins Formal mins MCSD  Bootstrapped 

FFMQ Time Qual .14*** .14*** .20*** .13**  .13** 

MAAS Time Qual .12*** .12** .10** .11**  .12** 

DASS Time Qual -.06 -.08* -.08* -.05  -.06t 

BCT Time Qual -.02 -.05 .00 -.02  -.02 

Note: All values represent average causal mediation effect (ACME; Tingley et al., 2014) with 

changes in practice quality mediating the link between practice time and outcome; Primary = 

primary model including total practice time with unlikely practice time values (i.e., daily formal 

or informal practice > 120 minutes) removed; Raw mins = model with unlikely practice time 

values retained; Formal mins = model with only formal practice time included (i.e., without 

informal practice time); MCSD = model controlling for social desirability (Marlow Crowne 

Social Desirability Scale – Short Form); Bootstrapped = model using nonparametric 

bootstrapped confidence intervals (not accounting for instructor and group due to inability to 

derive bootstrapped confidence intervals within multilevel mediation in R); FFMQ = Five Facet 

Mindfulness Questionnaire; MAAS = Mindful Attention Awareness Scale; DASS = Depression 

Anxiety and Stress Scales; BCT = Breath Counting Task; Time = practice time; Qual = changes 

in single-item Practice Quality – Mindfulness (PQM) as random slopes extracted from 

longitudinal models.  Sample sizes for mediation models are n = 89 for FFMQ, MAAS, and 

DASS and n = 82 for BCT.  *p < .05, **p < .01, ***p < .001, tp< .100 
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Supplemental Materials Figure 1. Practice time predicts improvement in practice quality over the 

course of mindfulness-based stress reduction (MBSR).  Regression lines represent within-

participant change in single-item Practice Quality – Mindfulness (PQM) scores over the course 

of MBSR.  Plots display the significant cross-level interaction between average daily practice 

time and week (p < .001).  A median split was used to separate those with high practice time 

(High Total Mins) and low practice time (Low Total Mins) for display purposes only. 
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