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Abstract

Objectives The Applied Mindfulness Process Scale (AMPS) is a measure used to quantify the level at which individuals apply
learned mindfulness skills during and after a mindfulness-based intervention (MBI). The AMPS was previously developed
and validated among individuals with mindfulness experience and in good health. The utility of the AMPS among individu-
als receiving an MBI for a clinical disorder has not been examined.

Method We tested the reliability, nomological validity, and incremental validity of the AMPS in a sample of women with
substance use disorder (SUD) engaged in an MBI (n=100).

Results AMPS and its subscales displayed adequate internal consistency reliability (Cronbach’s alpha range = 0.80-0.97)
at each assessment, and test-retest reliability correlations were small to moderate in magnitude (Spearman’s p range =
0.22-0.74). AMPS scores averaged across assessments correlated with conceptually related measures in the expected direc-
tions at post-intervention (Five Facet Mindfulness Questionnaire, (FFMQ,) r = 0.44, p < 0.01; Perceived Stress Scale, PSS,
(PSS) r = —0.30, p < 0.01; Difficulties with Emotion Regulation Scale, (DERS,) r = —0.48, p < 0.01). AMPS explained
variance in DERS beyond conventional mindfulness measures (MBI class attendance, mindfulness practice effort, FFMQ)
at post-intervention (f = —0.32, p < 0.05).

Conclusions The AMPS broadens the ability to capture behavioral aspects associated with therapeutic change that are
distinct from conventional measures of practice quantity and mindfulness disposition. The measure yields predictive value
for emotion dysregulation, a common target of MBIs. Factor analytic work is needed in clinical, novice meditator samples.
Preregistration This study was not preregistered.
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Mindfulness-based interventions (MBIs) refer to programs used
to train individuals in mind-body practices in order to cultivate
a capacity for mindfulness in daily life (Kabat-Zinn, 2003).
Mindfulness is the ability to inhabit the present moment and
to be aware, without judgement, of one’s moment to moment,
and shifting cognitive and affective experiences (Kabat-Zinn,
2003). Mindfulness practice, as a combination of meditation
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behaviors (e.g., sitting in an upright yet relaxed posture with
eyes slightly closed) and psychological intentions (e.g., focus
on the sensory experience of the breath without judging that
experience), is commonly regarded to reduce psychological suf-
fering via a shift in the individual’s relationship with pleasant,
unpleasant, and neutral subjective experiences (Black, 2014).
The original MBI model (Mindfulness-Based Stress
Reduction; MBSR) involves intensive training in mindful-
ness practice via eight weekly classes, a full “retreat day,”
and daily home assignments (Santorelli et al., 2017). The
MBSR model has been adapted for a wide range of medical
problems and psychiatric disorders (Goldberg et al., 2018).
Several intervention packages have borrowed the model to
adapt it to the needs of individuals with substance use disor-
der (SUD), such as to address sensory experiences particular
to craving and relapse prevention (Amaro & Black, 2021;
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Black & Amaro, 2019; Priddy et al., 2018). A recent meta-
analysis of 42 studies using between-group trial designs
showed that MBISs yield a statistically significant reduction
in substance use and craving among those with problematic
substance use (Li et al., 2017). Thus, a close examination of
the skills that participants obtain and enact during an MBI
would likely be informative. Such knowledge could enhance
understanding of the mechanisms through which MBIs influ-
ence substance use outcomes.

MBI programs commonly include recommended daily
meditation practice (Carmody & Baer, 2008; Kabat-Zinn,
2003; Santorelli et al., 2017). Practice typically refers to
time spent meditating as well as to the individual’s applica-
tion of skills and concepts learned from meditation in daily
life. MBI curricula include training in a variety of formal
practices (e.g., setting aside time each day to practice mind-
ful breathing or walking meditation) and informal practices
(e.g., practicing being mindful of one’s meal while eating or
noticing when one is distracted by one’s own thinking during
a conversation) (Kabat-Zinn, 2003). It has been argued that
daily practice and application of learned mindfulness skills
promote self-regulation of attention and emotion and change
in perspective away from identification with a static sense of
self (Holzel et al., 2011). Similarly, self-regulation and de-
identification are proposed as mechanisms by which MBIs
improve clinical symptoms of SUDs (Garland et al., 2014).

As with most types of skill development, consistent
practice and application are requisite to gain the expected
benefit. There is evidence that several skills relevant for indi-
viduals in SUD treatment may be cultivated and applied via
consistent mindfulness practice, including the ability to exert
cognitive control over automatic habits (i.e., to pause in the
face of substance use triggers and respond wisely rather
than automatically using a substance), the ability to man-
age stress, and the ability to derive pleasure from mundane
experiences (i.e., “savoring”) (Priddy et al., 2018). The way
and extent to which individuals apply specific behavioral
practices may function to influence clinical outcomes among
MBI participants. For example, mindfulness practice and
application in daily life may enhance one’s general sense of
wellness, reduce substance use, and enhance their ability to
cope with cravings and distressful experiences while in treat-
ment for SUD. Further, use of applied mindfulness practices
in daily life may differ depending on the clinical population
receiving an MBI (for example, certain practices may be
beneficial for depression, while others may support sub-
stance use relapse prevention) (Chiesa et al., 2014; Chiesa
& Malinowski, 2011). The psychometric study of the skills
learned and applied during and after mindfulness practice
and their association with transdiagnostic features of clini-
cal samples (e.g., emotion regulation, stress, and craving)
remains nascent, however.

A participant’s level of mindfulness during an MBI is
commonly measured in two ways: mindfulness practice as a
dimension of behavior (time in minutes meditating, number
of days meditating, attendance at MBI class sessions, etc.) or
as one’s subjective perception made that they are engaging in
present-moment oriented attention without judgement (Gole-
man & Davidson, 2017). Several psychometric instruments
based on self-report of mindfulness are available to test for
change in the latter, that is, one’s subjective perception of
their level of mindfulness as a disposition (Sauer et al., 2013).
Among those most cited are the Mindful Attention Awareness
Scale (MAAS;) (Brown & Ryan, 2003) and the Five Facet
Mindfulness Questionnaire (FFMQ); Baer et al., 2006), which
have been statistically validated among several clinically and
socio-demographically diverse samples (Black et al., 2012;
Gonzélez-Blanch et al., 2022; Watson-Singleton et al., 2018).
While these scales are designed to capture the presence or
absence of mindfulness disposition (e.g., the extent to which a
person is attentive and non-judgmental towards their moment-
to-moment experience), they are not designed to capture the
behavioral processes of applying mindfulness as a learned
skill in a practitioner’s day-to-day life and in response to
routinely experienced life challenges and stressors. Applied
behavioral measures are underdeveloped in the MBI field yet
could be used capture the extent to which a person applies
mindfulness skills in their daily life, rather than how a person
perceives their dispositional tendency towards mindfulness
upon self-reflection of the recent past.

Unique to extant measures, the Applied Mindfulness Pro-
cess Scale (AMPS) was developed as a behavioral measure of
mindfulness practice to capture the level at which individu-
als intentionally apply mindfulness skills in daily life and in
response to stressors as skills are learned during mindfulness
training (M. Li et al., 2016). The development of the AMPS
was guided by empirical literature on mindfulness and coping
and involved interviews with experienced mindfulness prac-
titioners regarding their use of mindfulness practice in daily
life (Baer, 2003; Benson et al., 1974; Garland et al., 2015;
Teasdale et al., 1995). AMPS developers aimed to capture
how often someone engages in mindfulness practices includ-
ing decentering (the use of mindfulness to gain psychological
distance from negative thoughts and feelings and to recognize
thoughts are not veridical truths, e.g., “I used mindfulness
practice to observe my thoughts in a detached manner”), posi-
tive emotion regulation (the use of mindfulness to refocus on
positive emotional experience and positively reappraise life
events, e.g., “I used mindfulness practice to be aware of and
appreciate pleasant events”), and negative emotion regulation
(the use of mindfulness to reduce emotional distress asso-
ciated with stressors, e.g., “I used mindfulness to calm my
emotions when I am upset”) (M. Li et al., 2016). In the origi-
nal psychometric study of the AMPS, the measure showed
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strong internal consistency and test-retest reliability; there
was evidence for nomological validity as the AMPS corre-
lated positively with dispositional mindfulness and negatively
with perceived stress and psychological distress. These results
were among a sample of mostly White healthy adults who
had experience in mindfulness practice. There remain gaps
in knowledge regarding the psychometric properties of the
AMPS in samples receiving an MBI for a clinical disorder,
those who do not have previous experience with mindfulness
practice, and among more racially and ethnically diverse
populations.

Our objective was to test the utility of the AMPS in a
diverse sample of women diagnosed with SUD. Using sec-
ondary data from participants who received an MBI as part
of a clinical trial and were assessed six times across a 6-week
intervention period, we assessed the reliability, nomological
validity, and incremental validity of the AMPS as a behav-
ioral measure of mindfulness skills applied in daily life. We
hypothesized the AMPS would meet conventional standards
for scale reliability in a clinical sample and AMPS scores
would explain additional variance in conceptually related
therapeutic mechanisms of MBIs (i.e., scores on the AMPS
would be negatively associated with difficulties with emo-
tion regulation, perceived stress, and craving) over and
above the effects of established measures of mindfulness
disposition and practice (i.e., FFMQ, MBI class attend-
ance, time spent practicing mindfulness). Support for these
hypotheses would suggest the utility of adding AMPS to the
repertoire of measures yielding information about behavioral
change that occurs during an MBI targeting SUD, whereas
null effects would indicate that the AMPS may not meet
psychometric standards and may not have clinical utility in
terms of detecting change in a sample diagnosed with SUD.

Methods
Participants

Participants were originally recruited for a randomized con-
trolled trial testing the efficacy of the Moment-by-Moment
in Women’s Recovery (MMWR) program, an MBI adapted
for women with SUD and histories of trauma (Amaro &
Black, 2017, 2021; Black & Amaro, 2019). Participants
were women in residential SUD treatment and randomized
to receive 12 class sessions over 6 weeks (two2 class ses-
sions per week) of either the MMWR intervention or psych-
oeducation on the neurobiology of addiction (see Amaro &
Black, 2021 and Black & Amaro, 2019 for previously pub-
lished trial results). Women had to be residents at the treat-
ment study site, enrolled in the trial, age 18—65 years, fluent
in English, and agree to participate in the study. Exclusion
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criteria were an inability to consent, cognitive impairment,
untreated psychosis, severe psychiatric problems, current
incarceration, past 30-day suicidality, >6 months pregnancy,
enrollment in another study, and refusal to sign a confiden-
tiality agreement.

Table 1 provides descriptive characteristics for the
analytic sample at baseline. The mean age of the sample
was 32.4, 60% of women were Hispanic or Latina, 18%
were Black, and 47% had less than a high school educa-
tion. Participants had either alcohol use disorder (AUD)
(9%) or drug use disorder (DUD) (74%), or both AUD and
DUD (14%). A sample majority (60%) had at least one

Table 1 Demographic and clinical characteristics of study partici-
pants

Meanorn SDor %

Age 324 9.8
Race/ethnicity

Hispanic or Latina 60 60%

Non-Hispanic Black 18 18%

Non-Hispanic White 20 20%

Other 2 2%
Education

Less than high school 47 47%

Completed high school 31 31%

Some post-high school 22 22%
FFMQ-SF 76.96 12.74
DERS 85.35 28.55
PSS-10 20.66 7.64
PACS 2.29 1.70
Past 8-month days of ...

Alcohol use 8.86 27.45

Drug use 107.87 91.40
SUD diagnosis at residential treatment entry

Alcohol use disorder 9 9%

Drug use disorder 74 76%

Both disorders 14 14%
Mental health diagnoses other than SUD

None 37 38%

1 49 51%

2+ 11 11%

, Five Facet Mindfulness Questionnaire-Short Form (range: 24-120);
DERSDERS, Difficulties in Emotion Regulation Scale (range:
40-166); PSS-10, Perceived Stress Scale (range: 0—40); PACS, Penn
Alcohol Craving Scale (range: 0-6); SUD, substance use disorder

SUDs and mental health diagnoses were given by a master’s level
behavioral health clinician at treatment entry using Diagnostic and
Statistical Manual of Mental Disorders (5™ ed.ition) criteria. Past
8-month days of substance use was self-reported as days out of the
8-month period prior to entry into treatment. n = 100, except for sub-
stance use, SUD, and mental health diagnoses (n = 97), as three indi-
viduals discontinued treatment before receiving a diagnosis.
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Table2 AMPS gnd. AMPS n Mean SDSD Skewness Kurtosis Joint non-
subscale score dlstrlbutlons normality test
across multiple sessions WA
AMPS
Session 3 81 37.26 11.92 —0.83** 4.19* 10.74%%*
Session 6 72 39.81 10.19 —0.45 3.17 3.22
Session 9 76 41.82 12.83 —0.97** 4.61* 13.10%*
Session 12 70 43.66 11.06 —0.56* 3.70 5.65
Decentering
Session 3 81 11.62 3.94 —0.70* 4.07 8.75%
Session 6 72 12.72 342 -0.35 3.12 2.09
Session 9 76 13.20 4.30 —0.77** 4.18* 9.62%*
Session 12 70 14.16 3.63 —0.60* 3.87 6.51*
Positive emotion regulation
Session 3 81 13.31 4.67 —0.78** 3.46 8.07*
Session 6 72 14.18 4.12 -0.27 2.19 4.85
Session 9 76 14.63 4.51 —1.00%** 4.35% 12.78%*%*
Session 12 70 14.90 4.01 —0.82%* 4.15 9.53**
Negative emotion regulation
Session 3 81 12.33 4.03 -0.67* 3.87 7.85%
Session 6 72 12.90 3.73 -0.24 3.42 2.76
Session 9 76 13.99 4.44 —0.89%* 4.38% 11.52%%
Session 12 70 14.60 3.97 —0.48 3.12 3.58

n, number of participants with data at each session; SD, standard deviation

Skewness and kurtosis are provided for the AMPS and its subscales at each time point; skewness refers to
how asymmetrical a distribution is, with a positive value indicating a left skew and a negative value indicating
a right skew; kurtosis refers to how peaked or flat a distribution is, with a positive value indicating a peaked
distribution and a negative value indicating a flat distribution; significant values indicate the distribution sig-
nificantly differs from the skewness or kurtosis of a normal distribution. The joint non-normality test combines
skewness and kurtosis into an overall chi-squared test statistic, with a significant value indicating the AMPS or
subscale distribution significantly differs from normal when taking both skewness and kurtosis into account

*p < 0.05; ** p < 0.01

mental health diagnosis in addition to their diagnosis of
SUD. Table 2 provides sample distributions for the com-
posite AMPS and AMPS subscales at each assessment.

Procedure

For the present study, we performed secondary analyses on data
from the MMWR group (n=100) of the parent study. Partici-
pants completed the AMPS at intervention Sessions 3, 6,9, and
12 (the AMPS was not administered to the control group as the
measure was specific to learned mindfulness skills in MMWR).
The trial was registered with clinicaltrials.gov (NCT02977988).
As there was some attrition and survey non-response during
the trial, the sample size for each analysis in the present study
is provided in the table pertaining to that analysis (those with
missing data for a particular analysis were excluded from that
analysis).

Measures
Applied Mindfulness Process Scale (AMPS)

A self-report measure to quantify the level at which individu-
als apply mindfulness skills in daily life and in response to
stressors as skills are learned during the course of an MBI (M.
Lietal., 2016). The 15-item measure asks participants to con-
sider items over the past week on a 5-point Likert scale from 1
never to 5 almost always. The developers of the AMPS found
support for three factors mapping to subscales they labeled
decentering (e.g., “I observe my thoughts in a non-attached
manner,” “see that my thoughts are not necessarily true”),
positive emotion regulation (e.g., “notice pleasant things in
the face of difficult circumstances,” “enjoy the little things in
life more fully”), and negative emotion regulation (e.g., “let
go of unpleasant thoughts and feelings,” “stop reacting to my
negative impulses”). A list of all AMPS items is included
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in Supplementary Information. Participants completed the
AMPS after intervention Ssessions 3, 6, 9, and 12 (every other
week of the 6-week intervention). We summed scores for the
full scale (composite score) and for each of the three subscales
(i.e., decentering, positive emotion regulation, negative emo-
tion regulation). To evaluate the extent to which mindfulness
skills applied across the intervention period were associated
with conceptually related constructs, we created aggregate,
global scores for the AMPS and each of its subscales by tak-
ing the average of the summed AMPS or subscale scores
obtained across all four assessments.

Five Facet Mindfulness Questionnaire — Short Form
(FFMQ-SF)

A self-report measure to quantify an individual’s tendency
to be mindful in daily life over a 30-day period (Bohlmeijer
et al., 2011). The 24-item measure asks participants to rate
items on a 5-point Likert scale from 1 never or very rarely
true to 5 very often or always true. Items on the FFMQ-SF
cover five dimensions of dispositional mindfulness: observing
one’s internal and external experiences (e.g., “I pay attention
to physical experiences, such as the wind in my hair or sun on
my face”), describing one’s internal experiences (e.g., “T am
good at finding words to describe my feelings”), acting with
awareness rather than on automatic pilot (e.g., “I do jobs or
tasks automatically without being aware of what I'm doing”),
taking a non-judging stance towards one’s thoughts and feel-
ings (e.g., “I tell myself that I shouldn’t be thinking the way
I’m thinking”), and non-reactivity to one’s inner experiences
(e.g., “When I have distressing thoughts or images, I don’t
let myself be carried away by them”). Participants completed
the FEMQ-SF at baseline and post-intervention. We summed
item scores to obtain a FFMQ-SF score. The Cronbach’s alpha
reliability coefficient (range) was 0.77 — 0.80, and the McDon-
ald’s omega reliability coefficient (range) was 0.81-0.83. We
also computed a change score (A FFMQ-SF) by subtracting
baseline FEFMQ-SF from the post-intervention score.

Difficulties in Emotion Regulation Scale (DERS)

A self-report measure to quantify the frequency with which an
individual experiences difficulties regulating emotions over a
30-day period (Gratz & Roemer, 2004). The 36-item measure
asks participants to rate items on a 5-point Likert scale from 1
never to 5 almost always. Items on the DERS cover six factors,
including nonacceptance of emotions (e.g., “When I'm upset,
I feel guilty for feeling that way”), difficulty engaging in goal-
oriented behavior (e.g., “When I'm upset, I have difficulty con-
centrating®), difficulty with impulse control (e.g., “When I'm
upset, I lose control over my behaviors™), lack of awareness of
emotions (e.g., “I’m attentive to my feelings”), limitations in
effective emotion regulation strategies (e.g., “When I'm upset,
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my emotions feel overwhelming”), and lack of clarity of emo-
tions (e.g., “T have no idea how I am feeling”). Participants com-
pleted the DERS at baseline and post-intervention. We summed
item scores at each assessment to obtain a composite DERS
score. The Cronbach’s alpha reliability coefficient at both time
points was 0.95, and the McDonald’s omega reliability coef-
ficient (range) was 0.95-0.96.

Perceived Stress Scale (PSS-10)

A self-report measure used to quantify perceived stress
by how often, over a 30-day period, the individual had
specific stress-related thoughts and feelings (Cohen et al.,
1983). The 10-item scale asks participants to rate items
on a 5-point Likert scale from O never to 4 very often.
Example items include “How often did you feel nervous
or stressed?” and “How often did you feel that difficulties
were piling so high that you could not overcome them?”
Participants completed the PSS-10 at study baseline and
post-intervention completion. We summed item scores at
each assessment to obtain a composite PSS-10 score. Sev-
eral recent studies utilizing bifactor modeling have dem-
onstrated support for the use of such a composite (Lee &
Jeong, 2019; Reis et al., 2019; Wu & Amtmann, 2013).
The Cronbach’s alpha reliability coefficient (range) was
0.81-0.84, and the McDonald’s omega reliability coeffi-
cient (range) was 0.83-0.85.

Penn Alcohol Craving Scale (PACS)

A measure of self-report used to quantify substance use
cravings by the frequency, intensity, and duration of the
individual’s cravings for substances as well as their abil-
ity to resist substance use over the past 30 days (Flannery
et al., 1999). While the original PACS targets alcohol use
cravings, we revise the wording to also capture cravings for
other drugs. The five-item scale asks participants to rate each
item on a 7-point Likert scale from O none/never to 6 unable
to resist/all the time. Example items include “At its most
severe point how strong was your craving?” and “How much
time have you spent thinking about doing drugs or drink-
ing?” Participants completed the PACS at baseline and post-
intervention completion. We took the average of item scores
at each assessment to obtain a PACS score. The Cronbach’s
alpha reliability coefficient (range) was 0.90 — 0.92, and the
McDonald’s omega reliability coefficient was 0.92-0.93.

Class Attendance

Attendance is a measure of exposure to an intervention
(Amaro & Black, 2021). Attendance at each of 12 MMWR
sessions was observed by study staff and recorded via a sign-
in sheet. Participants were instructed to sign at the start of
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the session. If signatures were missing, research staff con-
sulted with group facilitators to confirm the absence.

Mindfulness Practice Effort

We used a self-report practice log to quantify engagement
in mindfulness practice. Participants reported how often
they engaged in formal and informal mindfulness practices
outside of study intervention sessions. The 16-item practice
log asked participants on a 6-item Likert-scale how often
(i.e., 0 = never; 1 = less than once a day; 2 = once a day; 3
= two times a day; 4 = three times a day; 5 = four or more
times a day) they engaged in specific practices over the
prior week. Formal practices included sitting meditation
and loving kindness meditation, and informal mindfulness
practices included noticing one’s own breathing, and notic-
ing cravings without judgement. Practice logs were col-
lected at intervention Sessions 3, 6, 9, and 12 concordant
with the AMPS administration. We took the mean of item
scores at each of the four sessions, and computed a global
average that aggregates the four sessions of assessment. We
interpreted effort as a behavioral measure of mindfulness
meditation.

Clinical and Sociodemographic Variables

Age, race/ethnicity, education, and substance use were self-
reported at baseline. SUDs and mental health conditions
were diagnosed by a behavioral health clinician at the treat-
ment site at intake according to Diagnostic and Statistical
Manual of Mental Disorders criteria (5th ed.; American Psy-
chiatric Association, 2013).

Data Analyses
Measure Reliability

The consistency and stability of the composite AMPS as
well as each of its three subscales (decentering, positive
emotion regulation, negative emotion regulation) were
assessed with measures of test-retest (Spearman’s rank-order
correlations; Spearman’s p) and internal consistency (Cron-
bach’s alpha, McDonald’s omega, and inter-item correlation)
reliability. Analyses were conducted in Stata version 16.
Test-retest reliability refers to the consistency of
observed scores when a measure is administered repeat-
edly over time (Guttman, 1945). For test-retest reliabil-
ity, we correlated the composite AMPS score or subscale
scores at each of four assessments with scores at all other
periods. Spearman’s correlations were used due to the

non-normality of AMPS and AMPS subscale score dis-
tributions at several time points (Table 2). A Spearman’s
correlation of 0.10 was considered a small correlation,
0.40 was considered a moderate correlation, and 0.70 was
considered a large correlation in line with established
standards (Schober et al., 2018).

Internal consistency reliability refers to the degree to
which items in a scale measure the same underlying con-
struct (Henson, 2001). For internal consistency reliability,
scores were calculated with individual item responses for
the composite AMPS and each subscale at each time point.
For Cronbach’s alpha and McDonald’s omega, a score
of 0.80 was considered adequate reliability in line with
established standards (Doval et al., 2023). Inter-item cor-
relation, a measure of the correlation between each item
and all other items in the scale or subscale, was obtained
using the alpha command in Stata. In line with established
standards, an average inter-item correlation for all scale or
subscale items of 0.20-0.40 was considered optimal, less
than 0.20 was low (i.e., items may not represent the same
domain) and above 0.40 was high (i.e., items may not rep-
resent the full breadth of the domain) (Piedmont, 2014).

Nomological Validity

A measure has nomological validity if it behaves as
expected within a system of related constructs (New-
ton & Shaw, 2014). We assessed the degree to which
the composite AMPS and each subscale correlated with
conceptually related constructs (mindfulness practice
effort, class attendance, FFMQ-SF, PSS-10, DERS, and
PACS) using Pearson correlations in Stata. We correlated
composite AMPS and subscale scores from each session
with mindfulness practice effort measured at that same
session. We also correlated composite AMPS and sub-
scale scores at Sessions 3 and 12 with FFMQ-SF scores
from the most proximal assessment period (at baseline
and post-intervention, respectively). We correlated a
global AMPS and global subscale scores (the average
of composite AMPS or subscale summed scores at all
four time points) with FFMQ-SF, PSS-10, DERS, and
PACS measured post-intervention. We used these global
scores to represent an aggregate of applying learned
skills during the intervention. Finally, we computed cor-
relations between global scores and change in FFMQ-
SF during the intervention (A FFMQ-SF), mindfulness
practice effort during the intervention, and total number
of MMRW classes attended during the intervention with
an expectation of a positive correlation. Again, 0.10 was
considered a small correlation, 0.40 was considered a
moderate correlation, and 0.70 was considered a large
correlation (Schober et al., 2018).
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Incremental Validity

A measure has incremental validity when it improves one’s
ability to predict conceptually related phenomenon over
existing measures (Haynes & Lench, 2003). We evaluated
the incremental validity of the AMPS using a sequence of
linear regressions modeling the association between global
AMPS (average of summed, composite AMPS scores at all
four time points) and PSS-10, DERS, and PACS immedi-
ately after completion of the intervention, and tested whether
these relations change while statistically controlling for
mindfulness disposition, mindfulness practice effort, and
class attendance. We conducted separate linear regression
models for the PSS-10, DERS, and PACS as the depend-
ent variable at post-intervention. Linear regression models
utilized the ordinary least squares estimation method. For
each dependent variable, we estimated three models: a null
model (AMPS only), a model controlling for A FFMQ-SF
only, and a model controlling for A FFMQ-SF, mindfulness
practice effort, and MMWR class attendance, for a total of
nine models. We included baseline score on the depend-
ent variable in all models (including the null models) as a
covariate. We checked whether our final PSS-10, DERS,
and PACS models (those including all mindfulness prac-
tice covariates) adhered to assumptions of linear regression
using the performance package in R version 4.2.2 (Liidecke
et al., 2021). Assumption checks included a visual check for
linearity of residuals, a Shapiro-Wilk test for normality of
residuals, a Durbin-Watson test for independence of residu-
als, a Breusch-Pagan test for homoscedasticity of residuals,
a variance inflation factor calculation to test for multicollin-
earity, and a Cook’s Distance calculation to test for influen-
tial observations (Breusch & Pagan, 1979; Cook, 2000; Das
& Imon, 2016; Durbin & Watson, 1971; Thompson et al.,
2017). Model output included standardized coefficients ()
and effect size (partial eta squared), where an effect size
of 0.01 was considered a small effect, 0.06 was considered
a moderate effect, and 0.14 was considered a large effect
(Richardson, 2011).

Results
Reliability Assessment

Table 3 provides measure reliability estimates for the com-
posite AMPS and its subscales at Sessions 3, 6, 9, and
12. The interval between each time point was approxi-
mately 2 weeks and the items on the AMPS ask partici-
pants to consider the past 7 days. Test-retest reliability
correlations between composite AMPS or AMPS subscale
scores were all small-to-moderate in magnitude (p range
= 0.28-0.74). Internal consistency reliability estimates
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Table3 AMPS and AMPS subscale reliability estimates at four time
points

Session 3 Session 6 Session 9  Session 12
AMPS
Session 3 1.00
Session 6 0.58 1.00
Session 9 0.38 0.59 1.00
Session 12 0.55 0.66 0.69 1.00
McDonald’s omega 0.95 0.95 0.97 0.97
Cronbach’s alpha 0.95 0.94 0.97 0.97
Mean inter-item correlation  0.56 0.52 0.69 0.67
Decentering
Session 3 1.00
Session 6 0.40 1.00
Session 9 0.28 0.52 1.00
Session 12 0.46 0.53 0.71 1.00
McDonald’s omega 0.82 0.81 0.89 0.89
Cronbach’s alpha 0.82 0.80 0.89 0.89
Mean inter-item correlation  0.49 0.44 0.62 0.61
Positive emotion regulation
Session 3 1.00
Session 6 0.53 1.00
Session 9 0.50 0.62 1.00
Session 12 0.60 0.66 0.74 1.00
McDonald’s omega 0.92 0.91 0.90 0.92
Cronbach’s alpha 0.92 0.91 0.94 0.92
Mean inter-item correlation ~ 0.70 0.67 0.75 0.69
Negative emotion regulation
Session 3 1.00
Session 6 0.62 1.00
Session 9 0.22 0.43 1.00
Session 12 0.53 0.62 0.49 1.00
McDonald’s omega 0.86 0.89 0.92 0.94
Cronbach’s alpha 0.86 0.89 0.92 0.93
Mean inter-item correlation ~ 0.55 0.62 0.71 0.72

AMPS, Applied Mindfulness Process Scale (full scale); Decentering,
AMPS subscale items reflecting use of mindfulness to cope by disi-
dentifying with negative thoughts and feelings; Positive emotion regu-
lation, AMPS subscale items reflecting use of mindfulness to cope by
refocusing attention onto positive emotional experience and positively
reappraising difficult events; Negative emotion regulation, AMPS sub-
scale items reflecting use of mindfulness to cope by reducing emo-
tional distress

Mean (SD) scores for AMPS and each subscale provided for each ses-
sion. Between-session Spearman correlations are between summed
AMPS or AMPS subscale scores at each session with scores at every
other session. n for between-session correlations (range) = 58—67. Inter-
nal consistency reliability using McDonald’s omega and Cronbach’s
alpha is provided for the AMPS and each subscale at each session. Inter-
item correlation measures the degree of correlation between each item
and all other items in the scale. Mean and range for inter-item correlation
given for AMPS and AMPS subscales at each session. n for inter-item
correlation, Cronbach’s alpha, and McDonald’s omega (range) = 70-81.

All between-session correlations, Cronbach’s alpha, and McDonald’s
omega estimates of internal consistency reliability were significant at p <
0.01, except for non-significant between-session correlations for decenter-
ing Sessions 3 and 9, and negative emotion regulation Sessions 3 and 9
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met established standards for reliability (Cronbach’s alpha
range = 0.80-0.97; McDonald’s omega range = 0.81-0.97).
While some methodologists began to recommend the use of
McDonald’s omega, recent work continues to favor the more
commonly used Cronbach’s alpha (Doval et al., 2023; Hayes
& Coutts, 2020). Thus, we provide both estimates of internal
consistency reliability in Table 3.

Mean inter-item correlation estimates were of a large
magnitude for the composite AMPS (range = 0.52-0.67),
decentering (range = 0.44-0.62), positive emotion regula-
tion (range = 0.67-0.75), and negative emotion regulation
(range = 0.55-0.72), suggesting items may be redundant or
there may be aspects of each construct not captured by the
scale/subscale (Piedmont, 2014). In Supplementary Infor-
mation, we include inter-item correlations at the individual
item level; these were sometimes higher between items of
different subscales compared with items from the same sub-
scale, and correlations sometimes shifted between response
periods.

Nomological Validity Assessment

Table 4 provides correlations between single-session AMPS
or subscale scores with mindfulness variables (FFMQ-SF
and mindfulness practice effort) at the same practice ses-
sion or most proximal assessment. Single-session composite
AMPS and subscale scores were positively correlated at
a small-to-moderate magnitude with mindfulness practice
effort at the same session (r range = 0.21-0.68, p < 0.01
for all correlations except decentering with mindfulness
practice at Ssession 6) and FFMQ-SF at the most proximal
assessment period (r range = 0.18-0.39, p < 0.05 for all
correlations except decentering at Session 3 with FFMQ-SF
at baseline). Table 5 provides the intercorrelations between
the aggregate global AMPS or global subscale score (aver-
age of summed scores across four time points) and con-
ceptually related constructs measured at post intervention
(FFMQ-SF, PSS-10, DERS, and PACS) or aggregated
during the intervention period (MMWR class attendance
and mindfulness practice effort). The global scores were
positively correlated with MMWR class attendance (r range
= 0.30-0.39, p < 0.01, small magnitude) and mindfulness
practice effort (r range = 0.61-0.66, p < 0.01, moderate
magnitude) throughout the intervention. The scores were
positively correlated with the FFMQ-SF measured imme-
diately post-intervention (r range = 0.38-0.45, p < 0.01,
small-to-moderate magnitude), and inversely correlated
with the PSS-10 (r range = —0.27 to —0.31, p < 0.05,
small magnitude) and DERS (r range = —0.41 to —0.49, p
< 0.01, moderate magnitude) at post-intervention. Neither
the global AMPS nor global subscale scores correlated with
change in FFMQ-SF (A FFMQ-SF).

Table 4 Bivariate correlations between single-session AMPS scores
and mindfulness variables to assess nomological validity

Baseline/  Session 6 Session 9  Post-Inter-
Session 3 vention/
Session 12
AMPS
FFMQ-SF 0.25* - - 0.37%*
Mindfulness 0.57%#: 0.34%* 0.68** 0.59%*
practice
Decentering
FFMQ-SF 0.18 - - 0.32%*
Mindfulness 0.527%% 0.21 0.68** 0.59%*
practice
Positive emotion regulation
FFMQ-SF 0.27%* - - 0.39%*
Mindfulness 0.52%* 0.37%* 0.64%* 0.527%*
practice
Negative emotion regulation
FFMQ-SF 0.22%* - - 0.35%*
Mindfulness 0.57%* 0.35%%* 0.64%* 0.56**
practice

AMPS, Applied Mindfulness Process Scale (full scale); Decenter-
ing, AMPS subscale items reflecting use of mindfulness to cope by
disidentifying with negative thoughts and feelings; Positive emo-
tion regulation, AMPS subscale items reflecting use of mindfulness
to cope by refocusing attention onto positive emotional experience
and positively reappraising difficult events; Negative emotion regu-
lation, AMPS subscale items reflecting use of mindfulness to cope
by reducing emotional distress; FFMQ-SF, Five Facet Mindfulness
Questionnaire-Short Form. Correlations between AMPS and mind-
fulness practice are between scores at each session. Correlations
between AMPS and FFMQ-SF are between AMPS at Sessions 3 and
6 with FFMQ-SF at the most proximal response period (i.e., baseline
and post-intervention, respectively). n for single-session correlations
(range) = 64-81

* p < 0.05; ¥ p < 0.01

Incremental Validity Assessment

Table 6 provides linear regression model estimates for three
psychological construct measures at post-intervention: PSS-
10, DERS, and PACS. Each is regressed on the global AMPS
(average of summed scores across four time points) in three
iterations: null models (including global AMPS only), models
controlling for the A FFMQ-SF, and models controlling for the
A FFMQ-SF, mindfulness practice effort, and MMWR class
attendance. For the null models, AMPS was associated with
DERS (f = —0.4, p < 0.01) and PSS (f = —0.26, p < 0.05)
post-intervention. Results of the models with all mindfulness
practice covariates indicate the AMPS explained additional
variance only in the DERS at immediate post-intervention ( =
—0.32, p < 0.05) with a moderate effect size (partial eta squared
= 0.08). Models with all mindfulness practice covariates gener-
ally adhered to assumptions of linear regression, although the
Shapiro-Wilk test detected possible non-normality of residuals
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Table 5 Bivariate correlations between aggregated AMPS or AMPS subscale scores, mindfulness practice variables during intervention with
outcomes of practice post-intervention completion to assess nomological validity

Global AMPS Global decentering Global positive

Global negative FFMQ-SF PSS-10 DERS  PACS

emotion regulation emotion regulation

Global AMPS - - -

Global decentering 0.96** - -

Global positive emotion ~ 0.97%%* 0.91%%* -
regulation

Global negative emotion  0.95%* 0.88%%* 0.88%%*
regulation

Practice 0.65%* 0.62%* 0.61%*

Attendance 0.36%* 0.39%* 0.30%*

A FFMQ-SF 0.08 0.08 0.04

- 0.44%%  —030%* —048%* —0.12
- 038%%  —0.29%% —041** —0.12
- 0.44%%  —031%% —047** —0.08
- 045%%  —027% —049%* —0.16
0.66%* 0.23% —022% —022% —0.16
0.35%* 039%%  —0.37% —040%* —0.16
0.10 - —0.32%% —0.34%% —0.20

Global AMPS, AMPS subscale (decentering, positive emotion, negative emotion regulation), and mindfulness practice are aggregate scores
(mean of summed AMPS/AMPS subscale scores and mean of mean mindfulness practice scores for Sessions 3, 6, 9, and 12). Attendance was
number of classes attended during the intervention out of a total of 12. Change in Five Facet Mindfulness Questionnaire-Short Form (A FFMQ-
SF) was difference in score from baseline compared with immediately post-intervention. Along the horizontal axis, FFMQ-SF (non-change),
Perceived Stress Scale (PSS-10), Difficulties in Emotion Regulation Scale (DERS), and Penn Alcohol Craving Scale (PACS) were measured
immediately post-intervention completion. n for correlations (range) = 87-93

*p < 0.05; ** p <0.01

Table 6 Incremental validity

. o PSS-10 DERS PACS

of AMPS in predicting

psychological outcomes after p ES p ES p ES

intervention
Model 1 (Null model)
AMPS —-0.26%* 0.07 —0.4%* 0.16 -0.11 0.02
Model 2
AMPS -0.16 0.03 —0.31%* 0.11 0.08 0.01
A FFMQ-SF —0.45%%* 0.16 0.38%* 0.17 —0.33%%* 0.15
Model 3
AMPS —-0.07 0 -0.32* 0.08 -0.1 0.01
A FFMQ-SF —0.43%%* 0.14 —0.36%* 0.14 —0.35%%* 0.16
Practice -0.1 0.01 0.06 0 -0.01 0
Attendance -0.13 0.02 -0.1 0.01 0.09 0.01

p, standardized coefficient; ES, effect size (partial eta squared)

AMPS and mindfulness practice are aggregate scores (mean of summed AMPS scores and mean of mean
mindfulness practice scores for Sessions 3, 6, 9, and 12). Attendance was number of classes attended dur-
ing the intervention out of a total of 12. Change in Five Facet Mindfulness Questionnaire-Short Form
(A FFMQ-SF) was change score from baseline to immediately post-intervention. Along horizontal axis,
FFMQ-SF (non-change), Perceived Stress Scale (PSS-10), Difficulties in Emotion Regulation Scale
(DERS), and Penn Alcohol Craving Scale (PACS) were measured immediately post-intervention comple-
tion. Model 1 includes AMPS as a predictor. Model 2 includes AMPS and A FFMQ-SF as predictors.
Model 3 includes AMPS, A FFMQ-SF, mindfulness practice, and attendance as predictors. All models
include as a covariate the baseline score on the outcome of interest (PSS-10, DERS, or PACS, respec-

tively). n for analyses = 87
*p <0.05; %% p <0.01

for the DERS model; p < 0.001. Thus, we re-ran the model
after performing an inverse square root transformation on the
DERS variable. The model with the transformed DERS vari-
able adhered to all assumptions of linear regression, and AMPS
remained a significant predictor (f = 0.36, p < 0.001). While

@ Springer

regression coefficients for transformed outcome variables are
challenging to interpret, given the inverse transformation the
coefficient implies a negative association between AMPS and
raw DERS scores (i.e., those with higher AMPS scores had
lower DERS scores), and the effect size for AMPS was similar
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in magnitude as in the model with the non-transformed DERS
variable (partial eta squared = 0.10).

Discussion

The AMPS was created to assess the degree to which an
individual applies mindfulness practice skills in daily life
as those skills are learned and developed during the pro-
cess of an MBI course. In the original psychometric study
of the AMPS with a homogenous and healthy sample of
mind-body practitioners, the instrument displayed adequate
standards for reliability and nomological validity, that is,
scores correlated with trait mindfulness and psychological
well-being and negatively with perceived stress and psycho-
logical distress (Li et al., 2016). However, there remained
gaps in knowledge regarding the psychometric properties of
the AMPS among a clinical sample not familiar with mind-
fulness. The objective of our analysis was to evaluate the
psychometric properties of the AMPS in a clinical sample
of women diagnosed with SUD and receiving a structured
MBI. We hypothesized that the AMPS would meet mini-
mum standards for reliability in this sample and explain
additional variance in the conceptually related target mecha-
nisms of MBIs beyond the effect of established mindfulness
measures.

In accordance with prior measure evaluations, we found
support for test-retest reliability and internal consistency
reliability among our racially and ethnically diverse, clini-
cal sample (Li et al., 2016). The AMPS evidenced mostly
sound test-retest reliability across four assessments spanning
a 6-week intervention period, though some correlations were
small in magnitude. It is possible test-retest reliability is
influenced by various sources of error, namely the effect of
learning and skill development during the MMWR program
and the use of the complete measure in every assessment
(Carmines & Zeller, 1979). Future research on the AMPS
can address this by administering different versions of the
assessment to the same individuals (i.e., a test of parallel
forms reliability; Heale & Twycross, 2015). Measures of
internal consistency (Cronbach’s alpha and McDonald’s
omega) for each assessment period suggest that items in the
AMPS relate with one another in this clinical sample. How-
ever, the mean inter-item correlation scores for the AMPS
and its subscales were high relative to established standards,
suggesting there may be some redundancy among items or
there may be additional aspects of mindfulness practice not
captured by the measure (Piedmont, 2014). Future work
should therefore explore whether additional items are needed
to more comprehensively capture the application of mindful-
ness training among novice meditators. Further, individual
item correlations were sometimes higher between items
of different subscales compared with items from the same

subscale and shifted between response periods (see Supple-
mentary Information).

While it may have been fruitful to explore the factor
structure of the AMPS, the sample size was insufficient for
such analyses (Boateng et al., 2018). Some of our reliability
results suggest the three-factor model reported in prior work
with experienced mindfulness practitioners may not apply
in clinical, novice practitioner samples (Li et al., 2016). In
fact, we propose it is likely items may not universally load
on factors during the individualized and dynamic process
of teaching and learning mindfulness practice. That is, for
novice participants during skill development, one’s under-
standing and interpretation of mindfulness practice likely
shift over time as teachers variably and dynamically intro-
duce new language and connect new practices with previous
ideas. Measurement invariance should be fully explored with
the AMPS in larger clinical samples receiving training in
mindfulness practice (Boateng et al., 2018).

We found support for nomological validity as the AMPS
and its subscales correlated with conceptually related psy-
chological constructs pertinent to recovery from SUD (e.g.,
perceived stress, difficulties in emotion regulation) measured
immediately after the intervention. Our finding that AMPS
and subscale scores were not correlated with substance use
craving is surprising, given MBIs’ reported effect in reduc-
ing craving (Priddy et al., 2018). Our evaluation suggests
the AMPS as a measure of mindfulness applied as a skill to
address stressful circumstances in daily living may occupy a
unique place relative to other mindfulness measures includ-
ing mindfulness practice effort and disposition (Sauer et al.,
2013). Scores on the AMPS and its subscales were moder-
ately correlated with mindfulness practice effort and class
attendance (with the exception of decentering and mind-
fulness practice at a single session assessment), as well as
with scores on the FFMQ immediately post-intervention,
suggesting the AMPS is measuring something related but
not identical to existing measures. This is in line with con-
ceptions of mindfulness training involving multiple, related
components: the application of mindfulness practices as a
behavioral activity, as well as alterations in one’s disposi-
tional capacities towards mindfulness (Chiesa et al., 2014;
Goleman & Davidson, 2017). It makes sense that AMPS
would be significantly but not perfectly correlated with
other mindfulness measures (FFMQ-SF, mindfulness prac-
tice effort, and MMRW class attendance), as these meas-
ures capture mindfulness-related constructs, but the AMPS
was developed specifically to measure a novel construct not
captured by existing measures (i.e., mindfulness practice
processes). However, neither AMPS nor subscales were
correlated with change in dispositional mindfulness (A
FFMQ-SF) during the intervention, perhaps suggesting it
takes longer than 6 weeks of applying mindfulness to see
changes in mindfulness disposition. Participant self-reports
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of dispositional mindfulness may actually decrease after an
individual gains more experience with mindfulness prac-
tices because they might become increasingly aware of what
mindfulness entails and better at noticing when they are not
exhibiting mindfulness (Grossman, 2011). This is similar
to a person learning piano, overestimating their skill prior
to the first lesson, and increasingly realizing their inability
to perform. This limitation of conventional measures may
partially explain the lack of correlation between FFMQ and
AMPS scores. Such dissensus points to the importance of
including AMPS as a behavioral measure of mindfulness
processes.

Correlations involving each AMPS subscale were gener-
ally not distinct from correlations involving other subscales
or the composite AMPS. Given this and points on reliability
and factor structure during the process of skill development,
the composite AMPS may be most useful to capture the skill
acquisition among novice meditators. That is, the composite
AMPS might most comprehensively capture the application
of practices—even if these differ between novice meditators
or within the same individual over time. Thus, we focused
on the composite AMPS in our test of incremental validity.
Results here suggest AMPS may be especially relevant for
capturing difficulties with emotion regulation after an MBI,
as AMPS explained additional variance in DERS scores
beyond conventional mindfulness measures and when con-
trolling for DERS at baseline. Indeed, items on the AMPS
aim to capture mindfulness skills applied in the service of
regulating emotion. Given that emotion regulation is often
an explicit target of MBIs, our findings suggest the AMPS
may be a useful measure in MBI studies targeting clinical
disorders involving emotion dysregulation such as SUD as
well as focusing on emotion dysregulation as a target mecha-
nisms or outcome (Garland et al., 2014). While the AMPS
was again not associated with craving in tests of incremental
validity, changes in dispositional mindfulness (A FFMQ-SF)
were negatively associated with craving (that is, increases in
dispositional mindfulness were associated with lower crav-
ing). The FFMQ may have more utility in predicting craving
compared to AMPS. Perhaps the experience of craving is
relatively intractable, and it is less impacted by instances of
mindfulness practices captured by the AMPS and more so to
changes in one’s disposition captured by the FFMQ.

As an evaluation of the AMPS in a diverse sample with
and SUD, our investigation provides support that the AMPS
yields unique scores representing mindfulness applied in
daily living coincident with an MBI. The AMPS broad-
ens the ability of clinical researchers to capture behavioral
aspects associated with therapeutic change that are distinct
from conventional measures of practice quantity and mind-
fulness disposition. Findings suggest the AMPS meets or
exceeds minimum psychometric standards in a clinical
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sample of women with SUD, and the measure yields pre-
dictive value for emotion dysregulation, a common target
of MBIs.

Limitations and Future Research

Given aforementioned limitations due to sample size, future
factor analytic work involving larger samples of novice
meditators with clinical disorders is necessary. In particu-
lar, a bifactor model should be tested among such a sample
to determine whether items load better on a single factor
versus the three factors determined in prior work, and tests
of measurement invariance should be utilized to determine
whether factor loadings shift over the course of skill devel-
opment (Boateng et al., 2018; M. Li et al., 2016). We note
several additional methodological limitations of our work.
Our results may be influenced by common methods bias, as
subjects were surveyed on their own perceptions on multiple
constructs. This can produce spurious correlations between
these constructs due to response styles, social desirability,
and priming effects, which are themselves independent from
the true correlations among the constructs being measured
(Podsakoff et al., 2012). As a secondary analysis increases
researcher degrees of freedom, there is the possibility of
inflated type I errors (false positive results). Thus, we report
statistical significance for all results at both 0.05 and a more
conservative 0.01 alpha level, and the majority of results
remain significant at the 0.01 level. Some features of our
study also limit inference of results to certain clinical popula-
tions. Our data are limited to a single SUD residential clinic
site of women, thus restricting inference of scale utility to
clinical conditions outside of addictions as well as treatment
programs for men. Similarly, while the racial and ethnic
diversity is a strength of our study, findings may not general-
ize to groups outside of Latina and Black women. A majority
of our sample report other psychiatric conditions comorbid
with SUD and this may possibly allow the argument support-
ing the use of AMPS in samples with either SUD or other
mental health disorders. Although complicating a point on
singular diagnosis, this sample feature is a strength given the
prevalent comorbidities between SUD and psychiatric disor-
ders. Still, future research should test the AMPS in additional
racial and ethnic minority groups as well as those with vary-
ing clinical disorders that are targets of MBIs.
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