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Abstract

Objectives This study sought to identify the temporal order in which mindfulness facets develop during Mindfulness-Based
Stress Reduction (MBSR) and the effect of early changes on later changes in these facets and their relation to changes in
depression, anxiety, and stress.

Methods This longitudinal study of 147 adults participating in a MBSR program examined relationships between compo-
nents of mindfulness, self-compassion and measures of depression, anxiety, and stress. Self-report measures were adminis-
tered pre-course, mid-course, end-of-course, and 3-months post-course.

Results Initial improvements in decentering, non-reactivity, and self-compassion were observed early in the MBSR course
(p-values < 0.05), followed by later changes in observing, acting with awareness, and nonjudging. Bivariate latent growth
curve modelling suggested changes in the mindfulness components of decentering and nonreactivity coincided with decreases
in anxiety and stress (p-values < 0.05). However, in a path analysis, changes in self-compassion appeared to uniquely contrib-
ute to changes in depression and anxiety, over and above the effects of other mindfulness components (p-values < 0.05). These
changes in self-compassion were associated with simultaneous and precursory change in non-reactivity and non-judgment.
Conclusions These findings elucidate the possible temporal order of change in mindfulness facets through MBSR. Self-compassion
may be a prominent mechanism of change in the MBSR program, along with non-reactivity and decentering. However, additional
longitudinal research is needed with alternate model specifications to confirm the proximal role of self-compassion in longitudinal
symptom change. Results are tempered by a relatively short period of longitudinal observation with a possible nonresponse bias.
Preregistration Because the trial was conceived prior to 2009, pre-registration was not possible. However, the trial was reg-
istered on anzctr.org.au after data collection and analysis. [Title: “Mechanisms of mindfulness: A longitudinal observational
study of the effects of mindfulness-based stress reduction (MBSR) on depression, anxiety, and stress among participants in
a MBSR program”, Identifier: ACTRN12623000485639].

Keywords Mindfulness-Based Stress Reduction - Longitudinal - Structural equation modelling - Depression - Anxiety -
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In recent years, mindfulness-based interventions (MBIs)
have become an increasingly popular and studied method
of improving well-being (Baminiwatta & Solangaarachchi,

2021; Goldberg et al., 2022). Mindfulness-Based Stress
Reduction (MBSR) is arguably the most widely known MBI,
designed to provide the benefits of Buddhist meditation
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practice in a secular context and to assist participants in
integrating mindfulness into their daily lives (Kabat-Zinn,
1990). A growing body of controlled research has indicated
that MBSR may lead to reductions in psychological symp-
toms, including depression, generalized anxiety, and stress
(Goldberg et al., 2022; Gu et al., 2015). Such improvements
in well-being have been observed for adults in the general
community, most psychiatric populations, as well as for indi-
viduals experiencing a variety of chronic medical conditions
(Alsubaie et al., 2017; Galante et al., 2021; Goldberg et al.,
2018; Khoury et al., 2015). However, these benefits are not
experienced among all participants, effect sizes vary con-
siderably across studies, and some null findings have been
reported for adequately powered trials of MBSR and similar
MBIs (Kaplan et al., 2022; Kraines et al., 2022). It is also
unclear whether MBSR supports improvements in well-
being equivalent to—or beyond—active control interven-
tions (Goldberg et al., 2022; Hoge et al., 2021). In light of
these considerations, it is essential to determine the “active
ingredients” of MBSR which most contribute to its efficacy
(Goldberg, 2022; Stein & Witkiewitz, 2020). What are the
necessary features of mindfulness that ought to be cultivated
over the course of MBSR in order to effect changes in well-
being? Relatedly, is there an ideal temporal sequence in
which these features develop?

Seasoned MBSR instructors and practitioners may read-
ily offer answers to these questions, informed by their per-
sonal and pedagogical experiences, which may not always
correspond with the contemporary scientific-academic
understanding (Alvear et al., 2022). Many contemplative
traditions offer their own (perhaps complementary) descrip-
tions of mindfulness development. For instance, the Stages
of Insight from Theravada Buddhism illustrate a predict-
able sequence of progression through meditation practice
that is often, anecdotally, recognizable over the course of
MBSR (Grabovac, 2015). Modern theories of mindfulness
development typically outline series of discrete skills that
grow interdependently. The Monitor and Acceptance The-
ory (MAT; Lindsay & Creswell, 2017) is one such example.
MAT suggests that attention monitoring skills are founda-
tional to mindfulness while acceptance skills often arise
later in training, serving an emotion regulatory role that
directly improves affective experience and reduces stress.
Others have described similar mechanisms of action in MBIs
that emerge semi-sequentially, including attention regula-
tion, body awareness, emotion regulation, and, ultimately,
changes in one’s perspective of the self (Holzel et al., 2011).

Whether claims of mindfulness development come from
contemplative traditions, modern theories, or the MBSR
curriculum itself, it is often unclear how these proposed
changes in mindfulness map onto established operation-
alizations of the construct. The mismatch between theory
and measurement is further compounded when examining

concepts from the various contemplative traditions (Gal-
ante et al., 2023). Only recently have formal models been
introduced for translating these traditions’ (often ancient and
more subjective) claims into a form that is actually amenable
to scientific investigation (Wright et al., 2023). Given these
challenges, it may be most valuable for studies to use multi-
ple, complementary measures of mindfulness and approach
MBSR-related changes from a theoretically agnostic per-
spective using longitudinal designs (Galante et al., 2023).
Such an agnostic approach better prevents biases in pre-
diction and interpretation that may otherwise occur when
adhering to any specific ontological view (Galante et al.,
2023). Longitudinal studies thus far have yielded mixed and
often contradictory findings on which facets of mindfulness
and/or which mindfulness-adjacent skills change in response
to MBSR (Alsubaie et al., 2017; Giannandrea et al., 2019;
Goldberg et al., 2016; Gu et al., 2015). Even so, multiple
systematic reviews point to evidence suggesting changes in
individual mindfulness facets following MBSR may mediate
observed reductions in psychological symptoms (Maddock
& Blair, 2021; Prieto-Fidalgo et al., 2022; Quaglia et al.,
2016). However, the precise configuration of these changes
and the necessity of any particular facet are still unclear.
One reason for this lack of clarity is that the abovementioned
mediation studies used simpler models in which facets were
examined individually. A more nuanced understanding of
possible mechanisms, along with potential sequences of
change, may come from examining these facets altogether
within more complex and inclusive models (Galante et al.,
2023). Extant empirical findings provide some guidance as
to how such models might be built and which intervention
components may be expected to have the most direct impact
on well-being. We review this evidence below for several
individual facets and mindfulness-adjacent skills, as they
are defined by the commonly used scales of the Five Facet
Mindfulness Questionnaire (FFMQ; Baer et al., 2006), the
Toronto Mindfulness Scale-Trait Version (TMS-T; Davis
et al., 2009), and the Self-Compassion Scale (SCS; Neff,
2003). We focus on the FFMQ because it is one of the most
comprehensive measures of trait mindfulness, assessing five
distinct facets of the mindfulness construct. Evidence for
the construct representativeness of the FFMQ is apparent
in its development, having been derived from a pool of 112
items from five pre-existing and well-validated mindful-
ness measures (Baer et al., 2006): the Mindful Attention
Awareness Scale (MAAS; Brown & Ryan, 2003), the Ken-
tucky Inventory of Mindfulness Skills (KIMS; Baer et al.,
2004), the Freiburg Mindfulness Inventory (FMI; Buchheld
et al., 2001), the Cognitive and Affective Mindfulness Scale
(CAMS; Feldman et al., 2007; Hayes & Feldman, 2004),
and the Mindfulness Questionnaire (MQ; Chadwick et al.,
2005). The structure of the FFMQ was further validated with
a confirmatory factor analysis using a sample that comprised
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over 50% experienced meditators as well as a student sam-
ple (Davis & Cairns, 2008). We also focus on the TMS-T
given its complementarity with the FFMQ-—given the low
to moderate correlations between the TMS-T Curiosity sub-
scale and other mindfulness questionnaires, the TMS-T may
measure a unique characteristic of the mindfulness construct
uncaptured by other scales (Davis et al., 2009). The TMS-T
also uniquely captures decentering, a mindfulness skill that
has increasingly been shown to be highly relevant to MBI
outcomes and is not otherwise fully assessed by the FFMQ
(Davis et al., 2009; Hoge et al., 2015; Moore et al., 2022;
Pearson et al., 2015). There is evidence suggesting that
state mindfulness meaningfully changes over the course of
MBSR, and that these state changes drive observed changes
in trait mindfulness that are also seen following the course
(Kiken et al., 2015). However, we are also interested in the
durability of changes and the consistency with which skills
are implemented. Such durable changes are best captured
using measures of dispositional mindfulness, such as the
FFMQ and TMS-T. Finally, we focus on the SCS given its
psychometric quality and self-compassion’s putative and
robust relationship with well-being outcomes (reviewed
below).

The mindfulness facet of observing refers to attending
to or noticing external stimuli that are experienced via the
senses such as sights, sounds, and smells, as well as inter-
nal experiences such as emotions and thoughts (Baer et al.,
2008). Previous findings have suggested that observing may
be one of the first facets to change over the course of MBSR
(Labelle et al., 2015). However, as indicated in a meta-
analysis, changes in observing may only be weakly related
to positive changes in mental health outcomes following
mindfulness training (Quaglia et al., 2016). This was also
reflected in a recent critical review of MAT’s “monitoring”
skill, in which observing showed inconsistent associations
with indices of psychological distress across several studies
(Simione & Saldarini, 2023). This could be attributed to the
poor construct validity of the FFMQ’s Observing subscale,
which may not adequately account for emotional awareness,
per exploratory factor analyses with observing-related items
from other mindfulness scales (Rudkin et al., 2018). The
role of observing may then be a necessary precursor to other
mindfulness facets and skills in MBSR (e.g., nonreactivity
and acceptance, as per MAT), but not a sufficient or direct
influence on well-being and symptom reduction.

Describing is the process of using words to label internal
experiences (Baer et al., 2008). The cross-sectional relation-
ship of describing with anxiety, depression, and stress has
been mixed; some studies have indicated that describing
negatively predicts each of these outcomes, while others
have found there is little to no relationship (e.g., Barcac-
cia et al., 2019; Burzler et al., 2019; Sweeney et al., 2021).
Furthermore, a meta-analysis indicated that, across studies,
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describing may only show slight improvements following
MBIs (Quaglia et al., 2016). Even so, describing (along with
nonreactivity) may be integral to effective emotion regula-
tion by supporting the strategies of reappraisal and accept-
ance (Iani et al., 2019). In light of these findings, describing
could be similar to the observing facet, in that it is merely
an antecedent to other skills but may not directly impact
intervention outcomes.

Acting with awareness involves bringing attention to the
activities that one is engaged in (Baer et al., 2008). Cross-
sectionally, acting with awareness has been shown to be a
consistent predictor of lower depression and anxiety and
greater well-being (Barcaccia et al., 2019; Sweeney et al.,
2021). Some cross-sectional findings have also suggested
acting with awareness accounts for the greatest variance
in self-report measures of psychological distress among
adults, controlling for prior meditation experience (Roemer
et al., 2021). Network analyses have also suggested that act-
ing with awareness may be a vital bridge between the other
mindfulness facets and decreased maladaptive outcomes,
such as anxiety and stress (Medvedev et al., 2021a). How-
ever, the cross-sectional data from these investigations offer
construct clarification more than an approximation of tem-
poral interactions, which is best examined longitudinally. In
one longitudinal study, acting with awareness was the only
mindfulness facet to predict later depression (specifically the
symptom of anhedonia) over a 1-month period (Raphiphat-
thana et al., 2016). The ability to act with awareness might
then be more proximally important to changes in mental
health outcomes following MBSR (compared to observing
and describing).

Nonreactivity refers to the ability to be aware of thoughts
and feelings without being swept along by them (Baer et al.,
2008). Network analyses by Medvedev et al. (2021a) sug-
gest that the mindfulness facets measured by the FFMQ are
associated with lower depression, anxiety, and stress primar-
ily via nonreactivity (and acting with awareness). In other
words, nonreactivity (and acting with awareness) is a bridge
between the other mindfulness skills and reductions in neg-
ative outcomes, having the most direct associations with
both protective and maladjustment factors. Some have also
provided evidence that baseline nonreactivity predicts the
degree to which clinical symptoms improve due to MBSR.
A recent series of meta-analytic structural equation models
using data from 34 studies demonstrated that greater initial
nonreactivity augmented the observed decreases in depres-
sion and anxiety attributable to MBI, many of which were
MBSR studies (Prieto-Fidalgo et al., 2022). Nonreactivity,
like acting with awareness, therefore may have a more proxi-
mal relation to mental health outcomes compared to other
mindfulness facets and is evidently important to MBSR
outcomes. However, these studies did not examine changes
in nonreactivity over the course of MBSR, so they do not
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provide full insight into nonreactivity as a possible active
mechanism of the intervention. One study did indicate that
increases in nonreactivity mediated the impact of MBSR on
reductions in worry, such that those with generalized anxiety
disorder who underwent MBSR (vs. a control intervention)
reported decreased worry, which was partially explained by
improvements in nonreactivity (Hoge et al., 2015). Thus,
changes in nonreactivity could mediate the effects of the
intervention on clinical outcomes, but it is unclear whether
the effects of improvements in other mindfulness skills on
clinical outcomes could also be mediated by nonreactivity.

Nonjudging involves responding to thoughts and
emotions in a non-evaluative way (Baer et al., 2008).
Nonjudging has been identified as a strong predictor of
depression longitudinally over 2 years, even beyond the
influence of other mindfulness facets and rumination
(Petrocchi & Ottaviani, 2016). Moreover, changes in
nonjudging early in the course of MBSR may predict later
changes in the mindfulness facet of nonreactivity (Labelle
et al., 2015). The importance of nonjudging has also been
highlighted in numerous dismantling studies. Dismantling
studies systematically remove various components of a
treatment to determine whether they are necessary. Across
these studies, nonjudgment/acceptance appears to be an
active component of MBSR that supports improvements
in daily positive affect over the course of treatment (Stein
& Witkiewitz, 2020). The existing evidence-base for MAT
also supports the prominence of nonjudging in improving
well-being across interventions, although the necessity
of the observing skill to its development is still unclear
(Simione & Saldarini, 2023). Even so, nonjudging appears
to exert positive effects on mental health and may build
on other mindfulness skills. As such, it may have similar
positioning and importance as nonreactivity and acting with
awareness in driving changes in MBSR.

Decentering has been defined as the “capacity to take a
present-focused, non-judgmental stance in regard to thoughts
and feelings and to accept them” (Fresco et al., 2007b, p.
448). There is relatively strong support across studies for
decentering’s relationship with beneficial psychological
outcomes (Hoge et al., 2015; Pearson et al., 2015). There
has also been some evidence that decentering mediates the
positive effects of MBSR on anxiety symptoms in those with
generalized anxiety disorder (Hoge et al., 2015). Decenter-
ing has also been identified as a possible “common factor”
of treatment across MBIs, along with other mechanisms like
acceptance/nonjudging, based on a comprehensive review
of intervention studies (Goldberg, 2022). These findings
suggest that the development of decentering during MBSR
may be of utmost consequence in enacting positive changes
in well-being; however, like the other proposed facets of
mindfulness, its reliance on the earlier development of other
skills is unknown.

Curiosity is an individual’s desire to learn more about
their experiences (Lau et al., 2006). Some have suggested
the cultivation of curiosity is the starting point for the devel-
opment of mindfulness more broadly (Bishop et al., 2004).
Indeed, curiosity is a theme introduced early in MBSR
classes (Santorelli et al., 2017). When one takes a stance
of non-analytical interest toward their experiences (e.g.,
sensations and mind-wandering), this ostensibly allows for
greater awareness, detachment from, and acceptance of said
experiences, allowing for reduced judgment and reactivity
to unpleasant thoughts and feelings. As such, it may be
that curiosity is an antecedent to the growth of later, more
impactful mindfulness skills in MBSR, although this has yet
to be shown empirically. Evidence directly linking curiosity
with positive psychological and well-being outcomes is also
lacking, as are investigations of curiosity within the MBSR
program (Alsubaie et al., 2017).

Self-compassion is defined as an attitude of care and kind-
ness toward oneself in response to difficult situations, fail-
ure, or perceived inadequacy (Neff et al., 2007). While the
primary focus of MBSR is the development of mindfulness
skills (such as those listed above), implicit within all MBSR
programs is the invitation to respond to one’s own pain and
suffering with gentleness and compassion (Santorelli et al.,
2017; T. Goddard, personal communication, April 26, 2023).
Rather than an explicit instruction, this is invited through the
way MBSR practices are led, via the self-inquiry process,
how the MBSR group is structured and managed, and how
conversations unfold in the group as participants grapple
with difficulties in their lives. Most MBSR programs also
include Loving-Kindness Meditation (LKM), a traditional
Buddhist practice that aims to deliberately cultivate feelings
of caring and warmth toward oneself and others (Salzberg,
1995). Evidence for the importance of self-compassion is
found in numerous cross-sectional and longitudinal stud-
ies, in which self-compassion showed consistent negative
associations with many forms of psychopathology, such as
depression, anxiety, self-injury, and suicidality (Lou et al.,
2022; Marsh et al., 2018; Per et al., 2022). As demonstrated
across controlled trials and meta-analyses, MBSR also
appears to consistently enhance self-compassion which, in
turn, predicts improvements in psychological symptoms and
well-being (Evans et al., 2018; Golden et al., 2021; Roca
et al., 2021).

A distinction should first be made between LKM and self-
compassion. Loving-kindness is a meditation practice taught
with the intention to encourage compassion for oneself and
others. However, loving-kindness is not synonymous with
self- or other-compassion, and there are no extant, validated
measures of loving-kindness as its own skill or trait (e.g.,
assessing the frequency or ease of LKM practice). Moreo-
ver, self- and other-compassion are not exclusively taught
in LKM (e.g., see Compassionate Mind Training; Matos
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et al., 2021), nor does LKM guarantee improvements in
self- or other-compassion (Reilly & Stuyvenberg, 2023).
Additionally, self-compassion and other-compassion, while
often strongly related, are also distinct constructs that have
shown differential associations with psychological well-
being (Lopez et al., 2018; Sahdra et al., 2023). We focus on
self-compassion given its putative and robust relationship
with well-being outcomes. Additionally, in LKM or Metta
meditation, self-compassion is cultivated before cultivating
and extending compassion to others. Even so, it is still an
open question as to whether self-compassion is, in fact, an
indispensable element of MBSR and whether separate train-
ing in self-compassion (e.g., via LKM) is needed. However,
studies have begun to address this issue by employing stan-
dalone self-compassion interventions and/or dismantling
or component designs. A recent meta-analysis of seven
interventional studies found that standalone LKM reliably
increases self-reported self-compassion, citing a moderate
overall effect size (Reilly & Stuyvenberg, 2023). A larger
meta-analysis of multiple self-compassion interventions
(including LKM) found small to medium effects on depres-
sion, anxiety, and stress across 56 trials, but with high risk
of publication bias (Han & Kim, 2023). While the studies
included in these meta-analyses broadly support the use of
adjunctive self-compassion training, they rarely investigated
moderators of these effects. One meta-analysis specifically
looking at the effects of LKM on anxiety did investigate the
possible moderating role of mindfulness—there appeared to
be an incremental benefit of combining LKM with mindful-
ness meditation, with such trials evidencing (on average)
larger effect sizes (Zheng et al., 2023). This suggests that
self-compassion could interact meaningfully with subcom-
ponents of mindfulness to effect changes in MBSR, but the
nature of this interaction and the most relevant subcompo-
nents are still unknown. Taken together, the existing litera-
ture argues that self-compassion is a prominent mechanism
of action in MBSR that could independently lead to mental
health changes, with some preliminary indications that it
may build on other mindfulness skills.

Of the many mindfulness-related processes in MBSR, it
is still not clear which of these have the greatest effect in
lessening psychological suffering following the intervention.
To address this question comprehensively, all these pro-
cesses should be examined together, regardless of whether
we choose to label them as components of mindfulness or
as adjacent and/or interdependent skills. This study aimed
to identify MBSR-related changes in depression, anxiety,
and stress (hereafter collectively referred to as outcome
variables) and the mindfulness components of curiosity,
observing, describing, decentering, nonjudging, nonreactiv-
ity, acting with awareness, and self-compassion (hereafter
referred to as process variables). This aim was pursued by
following the guidelines by Pilla et al. (2020) for reporting
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on MBI studies (when possible). Process and outcome vari-
ables were measured at various stages throughout a typical
MBSR course. We hypothesized the following, based upon
the literature reviewed above: (1) the components of curios-
ity, observing, and describing will develop antecedent to
the development of decentering, nonjudging, nonreactivity,
and acting with awareness; (2) these early changes in curi-
osity, observing, and describing will predict later changes
in decentering, nonjudging, nonreactivity, and acting with
awareness; (3) later changes in decentering, nonjudging,
nonreactivity, and acting with awareness will in turn predict
later changes in self-compassion; and (4) self-compassion
will be associated with increased well-being over and above
changes in other process variables.

Method
Participants

Prior to enrolment in the MBSR course, instructors con-
ducted a 15-min phone meeting with potential students to
ask about their intentions and hopes for the MBSR course
and to screen for suitability. Broadly, exclusion criteria for
the course were substance use, personality traits, and/or
untreated trauma that would make it exceedingly difficult to
practice or participate effectively in a group. However, these
exclusion criteria did not operate as a strict guideline, as
the decision to enrol in the course was often made mutually
within the conversation between the teacher and the prospec-
tive student. This procedure for determining MBSR course
enrolment was separate from (and unrelated to) formal study
enrolment.

Adults enrolled in 28 MBSR courses conducted by Open-
ground Training and Consultation in Sydney, Melbourne,
and Brisbane, Australia, were invited to participate via an
email sent by the general Openground email address. Invi-
tations were sent after individuals enrolled in the MBSR
course but before attending the first class. Participants were
made aware that participation was voluntary and the teacher
of their MBSR group would not know whether they had
decided to participate. Out of the 504 people enrolled in the
courses, 226 respondents provided their informed consent
and participated in the study. Of these participants, n="79
were excluded from final analyses as they had greater than
1 year of prior meditation experience, resulting in a final
sample size of 147. This criterion was applied because our
study was concerned with mechanisms of change in MBSR
and we wanted to select for those who would show the most
pronounced change in response to the intervention. Those
who are meditation-naive or have more limited meditation
experience are likely to show the most dramatic improve-
ments in well-being outcomes during the nascent stages of
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practice (Bowles et al., 2022). However, while we considered
prior meditation experience a potential confounder to the
investigation of intervention mechanisms, recent evidence
also suggests that novice and experienced meditators may
benefit similarly from MBSR (Ito et al., 2022). As such, we
did not confine our sample to individuals who were entirely
meditation-naive.

No data were available on those who chose not to partici-
pate. The number of participants in each of the 28 MBSR
groups ranged from 8 to 23. Demographic information about
the sample is shown in Table 1. Of the included participants,
just over half (n=102, 69.4%) indicated that they had no
meditation experience prior to starting the course. Those
with prior experience (all <1 year), reported meditating a
median of 1 (/QR =0-3) days in the week prior to starting
the course, with an average time of 14.4 (SD = 14.6) minutes
spent meditating on those day(s).

Procedure

Course teachers had all participated in an MBSR course as
a participant and completed MBSR instructor training at the
practicum level following the training curriculum from the
Center for Mindfulness (CFM) at UMass Memorial Health
in Worcester, MA. All teachers also participated in regular
supervision with the Director of Training of Openground,
who in turn engaged in regular supervision with the CFM. In
addition, all teachers had attended a pre-requisite meditation

Table1 Sample demographics and baseline characteristics
Characteristic %
Gender*
Female 74.1
Male 25.9
Education
High school 8.2
Associates/trade school/TAFE 10.9
Undergraduate degree/Bachelor’s 37.4
Graduate/postgraduate degree 43.5
Previous meditation experience
None 69.4
Mindfulness 8.8
Buddhist (unspecified) 34
Buddhist (Zen) 0.7
Yoga 4.1
Other or unknown 13.6

n=147. Mean age (SD)=40.80 (9.80)

*Unfortunately, when these data were collected, the research team
did not have hypotheses concerning race or ethnicity, and regretta-
bly omitted questions regarding these important demographic vari-
ables. Gender data were also limited such that other identities (e.g.,
transgender, non-binary) were not assessed

retreat and maintained a personal mindfulness meditation
practice. Teachers participated in regular supervision with
the Director of Openground to ensure that classes were
taught in accordance with the CFM MBSR program. Of
note, LKM was also taught during the full day of practice
that was scheduled between the fifth and sixth classes.
Questionnaires were completed at four time points: (1)
before commencing the course; (2) mid-course, following
attendance in Week 4; (3) end-of-course, following attend-
ance in Week 8; and (4) 3 months after course comple-
tion. Out of the 147 respondents at Time 1, 103 returned
the questionnaires at Time 2, 76 responded at Time 3,
and 67 responded at Time 4. At Time 3, participants were
asked how many classes they attended during the previous
4 weeks. Of the 76 respondents at Time 3, 60.5% (n=46)
had attended six or more of the eight classes, while 39.5%
(n=30) had attended five classes or less. The incentive
offered for completing questionnaires at all four rounds of
the study in the first term of classes was a free post-course
workshop. In subsequent terms, the incentive offered was
entry to a prize draw for a meditation stool valued at AU$90.

Measures

The participants provided demographic information and
details about any previous meditation practice at Time 1.
Unfortunately, when these data were collected, the research
team did not have hypotheses concerning race or ethnicity,
and regrettably omitted questions regarding these important
demographic variables. Gender data were also limited such
that other identities (e.g., transgender, non-binary) were not
assessed. Participants also completed questions about class
attendance, length of daily practice, number of days of medi-
tation practice, and perceived support from the group. Four
questions adapted from the Credibility/Expectancy Ques-
tionnaire (Devilly & Borkovec, 2000) were also given to
assess expectations about the MBSR program at each time
point. While these questions were considered as possible
contributors to program effectiveness, their examination is
beyond the scope of this paper. The following measures were
of greater relevance to our hypotheses, all of which were
completed by participants at all four time points.

The Five Facet Mindfulness Questionnaire (FFMQ); Baer
et al., 2006) is a 39-item self-report measure of trait mind-
fulness that participants completed at all four time points.
It consists of five subscales: Nonreactivity, Observing, Act-
ing with Awareness, Describing, and Nonjudging. [tems are
rated on a 5-point scale from 1 (rarely or very rarely true)
to 5 (very often or always true). The FFMQ shows inter-
nal consistency (coefficient alpha) for the subscales ranging
from 0.75 to 0.91 (Baer et al., 2006). In the current study,
Cronbach’s alpha at Time 1 was 0.85 for FFMQ Observing,
0.92 for Describing, 0.90 for Acting with Awareness, 0.93
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for Nonjudging, and 0.90 for Nonreactivity. McDonald’s
omega at Time 1 was 0.84 for FFMQ Observing, 0.93 for
Describing, 0.90 for Acting with Awareness, 0.94 for Non-
judging, and 0.87 for Nonreactivity.

The Toronto Mindfulness Scale-Trait version (TMS-T;
Davis et al., 2009) is a 13-item self-report measure of mind-
fulness that participants completed at all four time points.
It consists of two factors: Curiosity and Decentering. The
Curiosity factor measures the extent of wanting to enquire
about one’s experiences. The Decentering factor meas-
ures an ability to not personally identify with, or become
overly absorbed in, thoughts or feelings. Items are rated on
a 5-point scale from 0 (not at all) to 4 (very much). The
TMS-T has been found to have internal consistency (coef-
ficient alpha) of 0.91 for Curiosity and 0.85 for Decentering
(Davis et al., 2009). In the current study, Cronbach’s alpha
at Time 1 was 0.89 for TMS-T Curiosity and 0.83 for TMS-T
Decentering. McDonald’s omega at Time 1 was 0.90 for
TMS-T Curiosity and 0.80 for TMS-T Decentering.

The Self-Compassion Scale (SCS; Neff, 2003) is a
26-item self-report measure of the extent to which an indi-
vidual is compassionate toward themselves, which partici-
pants completed at all four time points. It consists of six
factors that measure three main components of self-compas-
sion: self-kindness versus self-judgment; an experience of
common humanity versus isolation; and mindfulness versus
over-identification (Neff, 2003). For brevity and parsimony,
the Self-Compassion Total Score was used rather than the
six factor scores. Reported internal consistency (coefficient
alpha) for the total SCS was 0.92 (Neff, 2003). In the current
study, Cronbach’s alpha at Time 1 for the total SCS was also
0.92. McDonald’s omega was 0.90.

Fig. 1 Changes in mean

The Depression Anxiety Stress Scales — Short form
(DASS-21; Lovibond & Lovibond, 1995) is a 21-item self-
report measure of depression, anxiety, and stress that par-
ticipants completed at all four time points. In an Austral-
ian non-clinical sample, Cronbach’s alpha was 0.90 for the
Depression scale, 0.79 for the Anxiety scale, and 0.89 for
the Stress scale (Crawford et al., 2011). In the current study,
Cronbach’s alpha at Time 1 was 0.91 for the Stress scale,
0.93 for the Depression scale, and 0.89 for the Anxiety scale.
McDonald’s omega at Time 1 was 0.91 for the Stress scale,
0.94 for the Depression scale, and 0.90 for the Anxiety scale.

Data Analyses

To first examine which process and outcome variables changed
over the MBSR course and the 3-month follow-up, individual
linear mixed effects models were run with each process and out-
come variable specified as the dependent variable and with time
specified as both a fixed and random effect. Because 10 models
were run, a Bonferroni correction (/10 tests) was applied for a
significance cut-off of p<0.005 for each model’s fixed effect of
time. For models with a significant (p <0.005) fixed effect of time,
Bonferroni post hoc comparisons were made between each time
point, applying the Bonferroni correction again (o/6 compari-
sons) for a significance cut-off of p <0.008. Figures 1 and 2 show
changes in mean z-scores for the process and outcome variables
respectively. To then examine which process variables changed
together with which outcome variables, bivariate linear growth
curve modelling was used (Fig. 3), pairing two variables together
and freely estimating the covariances between their intercept and
slope factors (with a significant covariance between slope factors
indicating that the variables changed together over time).
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Fig.2 Changes in mean
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Finally, to test the hypotheses regarding individual
aspects of mindfulness being possible precursors to others,
we conducted a path analysis using raw difference scores
between each time point. We chose Time 1 to Time 3 differ-
ence scores for the outcome variables to represent cumula-
tive change over the entirety of the course. We chose Time
2 to 3 difference scores in self-compassion as a direct effect
predicting the Time 1-3 outcome differences because we
believed changes in self-compassion during the latter half of
the course would be most impactful to the overall cuamulative
changes that were observed in depression, anxiety, and stress

resulting from the MBSR course. Because of limitations
imposed by our sample size, our path analysis model was
built solely to explore our hypotheses, rather than to com-
prehensively explore every possible course-related change
predicting every other possible course-related change. Our
path analysis model was specified as follows: the exogenous
variables were changes from Time 1 to 2 in TMS-T Curi-
osity, FFMQ Observing, and FFMQ Describing. Each of
these exogenous variables were specified to predict changes
from Time 2 to 3 in TMS-T Decentering, FFMQ Acting with
Awareness, FFMQ Nonjudging, and FFMQ Nonreactivity.
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These Time 2-3 changes were then set as direct regression
predictors of change in SCS Total from Time 2 to 3. Overall
changes in the outcome variables from Time 1 to 3 were then
regressed on Time 2—-3 change in self-compassion. The spec-
ification of this path analysis is illustrated in Fig. 4. Statisti-
cal significance of covariances and direct effects was deter-
mined using a p <0.05 cut-off. We determined statistical
significance of indirect effects using 95% bootstrapped con-
fidence intervals (derived from 1000 bootstrapped samples)
that do not contain zero. Additionally, given its association
with data missingness, age was included as a control vari-
able in our analysis—for simplicity’s sake, the effects of age
are omitted from Fig. 4. To account for possible clustering,
an alternate version of the path analysis was also run which
included class/instructor as a control variable as well—as
this was a model we did not specify a priori, these results
are reported in the Supplementary Material. Alternate ver-
sions of this path analysis were also run to account for the
two subfactors of the SCS—compassionate self-responding
(CS) and uncompassionate self-responding (UCS). In these
alternate models, the CS and UCS were used in place of
the SCS Total Score. Additionally, to account for potential

Fig.4 Full path analysis. Values
shown are standardized coef-
ficients. A indicates raw change

construct overlap of the SCS with the FFMQ and TMS-T,
we also re-ran the path analysis using the SCS, excluding
the mindfulness subscale items. Finally, given the potential
advantages of using residualized change scores over raw dif-
ference scores (e.g., increased power and reliability; Castro-
Schilo & Grimm, 2018), we also ran our path analysis model
using residualized change scores. These alternate models are
represented in Figures S1-S5 in the Supplementary Material.

Results
Analysis of Missing Data

Details of the missing data in this study are shown in
Table S1. Because linear mixed effects models, growth curve
models, and path analyses use full information maximum-
likelihood (FIML) estimation, they require any missing data
to be at least missing at random (MAR)—this means that
missingness must be predicted by a separate variable and
not the outcome/missing variable itself. When missing data
on an outcome is likely attributable to the (unobserved)
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scores on the outcome itself, then it is missing not at random
(MNAR). In order to examine the missing data mechanism,
analyses were conducted to examine whether missing data/
nonresponse was associated with any participant character-
istics (i.e., MAR) or scores on outcome measures at other
time points (i.e., MNAR; Little & Rubin, 1989). Independ-
ent samples 7-tests were conducted to examine whether par-
ticipants who had missing data differed in their scores on
the FFMQ, TMS-T, and DASS at Time 1. These ¢-tests evi-
denced no significant differences between those with miss-
ing data and complete cases (all p-values >0.05), indicat-
ing the data were likely not MNAR. However, missingness
was related to age, #(108.99)=1.99, p=0.049, d=0.34, as
those with missing data (M =39.55, SD =9.50) were signifi-
cantly younger than those with no missing data (M =42.89,
SD=10.01), suggesting that the data were indeed MAR.
Given that FIML estimation manages MAR data fairly well
(Schafer & Graham, 2002), we proceeded with the planned
analyses of the observed data.

Change in Process and Outcome Variables Over Time

Means and standard deviations for all variables at each
time point are shown in Table 2. Individual mixed model
analyses with time as the fixed and random effects found
that all variables showed significant changes over time
(p-values < 0.005) with the exception of FFMQ Describing
(p=0.724) and FFMQ Observing (p =0.040). Age was not a
significant covariate in any of these models (p > 0.05).

To examine which process and outcome variables
changed together, we ran linear growth curve models pairing

each process variable with each outcome variable. While the
intercept and slope factors for these models were allowed
to freely covary, of particular interest was the covariance
between the two slope factors. Models with an RMSEA > 0.8
were considered poor fit, and thus the significance of any
covariances between slopes was not evaluated. Results of
these growth curve models (Table 3) indicated that changes
in DASS Depression were significantly associated with
changes in Self-compassion (p =0.006) while changes in
DASS Anxiety and DASS Stress were both significantly
associated with changes in Decentering, Nonreactivity, and
Self-compassion (p-values < 0.05). Despite showing no sig-
nificant overall change, the slope factor for Describing sig-
nificantly covaried with DASS Anxiety (p=0.016).

For the first hypothesis, we anticipated that the
components of curiosity, observing, and describing
would develop antecedent to the development of
decentering, nonjudging, nonreactivity, and acting with
awareness. Contrary to expectations, the Bonferroni post
hoc comparisons revealed that Observing only showed
significant improvements in the latter half (i.e., from Time
2 to 3) of the MBSR course (p <0.001) while Curiosity and
Describing did not significantly change over the MBSR
course (p-values > 0.008). Also unexpectedly, Decentering,
Nonreactivity, and Self-compassion showed significant
increases both in the first and second halves of the course (all
p-values < 0.008). All process and outcome variables which
changed significantly over the MBSR course maintained
these changes at the 3-month follow-up time point (i.e.,
p-values < 0.05 for comparison of Time 4 to Time 1 and no
significant changes from Time 3 to Time 4).

Table 2 Linear mixed models showing change in process and outcome variables over time

Variable

Time 1

Time 2

Time 3 Time 4 p
M (SD) M (SD) M (SD) M (SD)
Process variable
TMS-T Curiosity 17.48 (5.64) 16.72 (5.06) 16.53 (4.28) 15.28 (5.21) 2.80 0.040
FFMQ Observe 25.17 (5.63) 26.48 (5.26) 28.23 (5.2)%" 27.12 (5.73)* 5.57 <0.001
FFMQ Describe 27.02 (7.21) 27.68 (6.78) 27.37 (7.09) 28.16 (6.9) 0.44 0.724
TMS-T Decenter 12.37 (5.28) 14.77 (5.11)* 16.58 (5.06)*" 15.87 (5.71)* 13.48 <0.001
FFMQ Acting with Awareness 21.45 (6.28) 22.04 (5.85) 24.47 (6.04)*" 25.00 (5.71)* 7.70 <0.001
FFMQ Nonjudge 22.15(7.43) 25.14 (7.04) 27.3 (6.98)* T 27.69 (7.8)* 12.61 <0.001
FFMQ Nonreactivity 16.69 (4.65) 19.13 (4.24)* 21.19 (4.25)*" 21.04 (4.5)* 23.51 <0.001
SCS Total 15.87 (3.15) 17.41 (3.32)* 19.39 (3.76)*" 19.2 (3.92)* 23.72 <0.001
Outcome variable
DASS Stress 23.87 (11.97) 20.67 (12.2)* 15.97 (10.67)*" 16.66 (12.65)* 9.53 <0.001
DASS Anxiety 14.24 (10.75) 12.35 (10.97)* 10.41 (10.49)* 9.78 (10.72)* 3.49 0.002
DASS Depression 18.91 (12.17) 15.62 (11.67) 12.9 (11.53)*F 12.84 (13.28)* 5.81 <0.001

TMS-T, Toronto Mindfulness Scale, Trait Version; FFMQ, Five Facet Mindfulness Questionnaire; SCS, Self-compassion Scale; DASS, Depression
Anxiety Stress Scale. “Test for overall mixed model of time predicting the process or outcome variable with df = 3, df, = 373. Bold indicates
P <0.005 for test of overall mixed model; *p <0.008 Bonferroni comparison of respective time point vs. Time 1. "p <0.008 Bonferroni compari-
son of respective time point vs. time point immediately prior to it
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Table 3 Bivariate latent growth curve models

Variable

DASS Depression

PCl))

P RMSEA (90% CI) SRMR  CFI TLI Slopes Cov (SE) P oy
TMS-T Curiosity 8.324 (7) 0.305 0.036 (0.000, 0.112)  0.032 0.996 0992  —-0.497 (0.918) 0.588
FFMQ Describing 5.195 (7) 0.636 0.000 (0.000, 0.085)  0.018 1.000 1.008 —1.357(0.886) 0.126
FFMQ Observing 7.656 (7) 0.364 0.026 (0.000, 0.108)  0.027 0.998 0.997 —1.550(0.877) 0.077
TMS-T Decentering 10.146 (7)  0.180 0.055 (0.000, 0.124)  0.029 0.991 0981  —1.538 (0.900) 0.087
FFMQ Acting with Awareness  26.864 (7)  <0.001  0.141 (0.087, 0.200)  0.034 0.957 0907 —0.162(0.914) 0.859
FFMQ Nonjudging 14.874 (7)  0.038 0.089 (0.020, 0.152)  0.020 0.982 0962  —1.523(1.217) 0.211
FFMQ Nonreactivity 15.145(7) 0.034 0.091 (0.023,0.154)  0.024 0.981 0959 —1.626 (0.804) 0.043
Self-Compassion 14.12(7) 0.165 0.083 (0.005, 0.146)  0.028 0.986 0970 —1.294(0.804) 0.006
Variable DASS Anxiety
2Adp p RMSEA (90% CI) SRMR  CFI TLI Slopes Cov (SE)  p oy
TMS-T Curiosity 7.142 (7) 0.414 0.012 (0.000, 0.103)  0.024 1.000 0.999  —-0.714 (0.796) 0.370
FFMQ Describing 11.185(7)  0.131 0.065 (0.000, 0.133)  0.027 0.992 0982 —1.846 (0.764) 0.016
FFMQ Observing 4.652 (7) 0.702 0.000 (0.000, 0.078)  0.027 1.000  1.012  0.137 (0.752) 0.856
TMS-T Decentering 5.686 (7) 0.577 0.000 (0.000, 0.089)  0.017 1.000 1.008 —2.436 (0.842) 0.004
FFMQ Acting with Awareness ~ 13.976 (7)  0.052 0.084 (0.000, 0.148)  0.033 0.985 0968 —1.277(0.779) 0.101
FFMQ Nonjudging 10.314 (7)  0.171 0.058 (0.000, 0.127) ~ 0.020 0.993 0985  —2.004 (1.086) 0.065
FFMQ Nonreactivity 6.120 (7) 0.526 0.000 (0.000, 0.095)  0.016 1.000 1.004 —1.537 (0.716) 0.032
Self-Compassion 5.105 (7) 0.647 0.000 (0.000, 0.083)  0.018 1.000 1.008 —1.647 (0.498) 0.001
Variable DASS Stress
;(2 dh p RMSEA (90% CI) SRMR  CFI TLI Slopes Cov (SE)  p oy
TMS-T Curiosity 8.050 (7) 0.328 0.032 (0.000, 0.110)  0.034 0.997 0993  0.475(1.034) 0.646
FFMQ Describing 10.106 (7)  0.183 0.056 (0.000, 0.126)  0.034 0.993 0985 —1.572(1.029) 0.126
FFMQ Observing 4.676 (7) 0.699 0.000 (0.000, 0.078)  0.019 1.000 1.013  —1.426(1.009) 0.158
TMS-T Decentering 6.621 (7) 0.469 0.000 (0.000, 0.098)  0.017 1.000 1.003  —2.236 (1.094) 0.041
FFMQ Acting with Awareness ~ 23.847 (7)  0.001 0.130 (0.075,0.189)  0.035 0.960 0914 —2.421(1.124) 0.031
FFMQ Nonjudging 12.126 (7)  0.096 0.072 (0.000, 0.138)  0.023 0.988 0973 —2.313 (1.406) 0.100
FFMQ Nonreactivity 7.222 (7) 0.406 0.015 (0.000, 0.105)  0.026 0.999 0.999 —3.697 (0.993) <0.001
Self-Compassion 13.683 (7)  0.057 0.081 (0.000, 0.144)  0.032 0.986 0970 —2.395(0.717) 0.001

TMS-T, Toronto Mindfulness Scale, Trait Version; FFMQ,Five Facet Mindfulness Questionnaire; DASS,Depression Anxiety Stress Scale;
RMSEA, root mean square error of approximation; SRMR, standardized root mean squared residual; CFI, Comparative Fit Index; TLI, Tucker-
Lewis index; Slopes Cov, covariance between the latent slope factors of respective process and outcome variable. Bold indicates p < 0.05

Evaluation of Precursory Change

Results of the path analyses are shown in Fig. 4. For the second
hypothesis, we predicted early changes (i.e., from Time 1 to
2) in curiosity, observing, and describing would predict later
changes (i.e., from Time 2 to 3) in decentering, nonjudging,
nonreactivity, and acting with awareness. The model showed
that only early increases in Describing predicted later increases
in Acting with Awareness (f=0.21, SE=0.10, p=0.039). For
the third hypothesis, we expected that later changes (i.e., from
Time 2 to 3) in Decentering, Nonjudging, Nonreactivity, and
Acting with Awareness would predict later changes in self-
compassion. Only later changes in Nonjudgment ($=0.10,
SE=0.05, p=0.040) and Nonreactivity (f=0.37, SE=0.08,
p<0.001) predicted later changes in Self-compassion. Finally,
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we hypothesized that changes in self-compassion would be
associated with decreased depression, anxiety, and stress
over and above changes in other process variables. The direct
effects of Time 2-3 change in Self-compassion on overall
changes in Depression (f = —0.75, SE=0.38, p=0.049) and
Anxiety (f = —0.86, SE=0.31, p=0.005) were significant.
Time 2-3 change in Self-compassion did not predict overall
change in stress (f = —0.28, SE=0.44, p=0.52). Each of the
total indirect effects (Table S2) of the other process variables
via Self-compassion were not significant (i.e., each of the
bootstrapped 95% confidence intervals contained zero); one
exception was the indirect effect of Nonreactivity on DASS
Anxiety via Self-compassion, which was significant (i.e.,
bootstrapped confidence interval did not contain zero). Age
was not a significant covariate in any of our models (p > 0.05).
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Exploratory Alternate Path Analyses

Our alternate path analyses (Supplementary Material) dem-
onstrated various degrees of fit, but with nearly identical
patterns of effects. Several alternate models demonstrated
comparable or better fit than our primary model, includ-
ing the models using the CS [X2 (24)=126. 48, p=0.33;
RMSEA =0.033 (90% CI 0.000, 0.091)] and UCS [x?
(24)=29.34, p=0.21; RMSEA =0.048 (90% CI 0.000,
0.100)] and the model that used residualized change
instead of difference scores [X2 (24)=31.12, p=0.15;
RMSEA =0.055 (90% CI 0.000, 0.105)]. These three mod-
els yielded similar results to the primary model, but with
several notable differences. For the model using residual-
ized change scores, the effect of Time 1-2 Describing on
Time 2-3 Acting with Awareness was no longer signifi-
cant (p>0.05). For the models using the CS and residu-
alized change scores, changes in Time 2-3 Non-judging
no longer predicted changes in Time 2-3 Self-compassion
(p values > 0.05). For the models using the CS, UCS, and
residualized change scores, the direct effect of Time 2-3
Self-compassion on course-related changes in Depression
also fell to non-significance (p-values > 0.05). Otherwise,
the direct effects for these three models were generally com-
parable to our primary path analysis model.

Discussion

This study aimed to develop a model of changes in mindful-
ness components and psychological distress over the course
of MBSR. Specifically, we sought to identify the temporal
order in which mindfulness facets develop during MBSR
and the effect of early changes on later changes in these fac-
ets. We also examined whether changes in self-compassion
had a unique effect on depression, anxiety, and stress in the
MBSR program.

We first hypothesized that curiosity, observing, and
describing would develop antecedent to the other mindful-
ness facets. Our results did not support this prediction, as
none of these three facets showed significant change in the
first 4 weeks of MBSR. In fact, of these facets, only observ-
ing showed any significant increases over the entirety of the
course. As curiosity, observing, and describing did not sig-
nificantly increase in the first half of the course, our second
hypothesis that they would each predict subsequent improve-
ments in the other facets was also not supported—for this
reason, the significant effect of Time 1-2 change in describ-
ing on Time 2-3 change in acting with awareness should
be viewed sceptically. Curiosity, observing, and describ-
ing were hypothesized to be precursors to the other facets
because we viewed them as lower-order mindfulness skills
and previous findings were mixed regarding their direct

effects on well-being and symptom outcomes. In light of
our null findings, we posit a number of reasons for the lack
of early (and total) change on these facets.

For each of these mindfulness components, our linear
approach to modelling change may have hidden a true pro-
cess of nonlinear change. This would be consistent with
some recent suggestions that the benefits of mindfulness
practice may accumulate in nonlinear and/or curvilinear
ways (Bowles et al., 2022; Galante et al., 2023). For curiosity
specifically, it may be that it simply is not a central element
of the mindfulness construct and therefore not essential for
change (Siegling & Petrides, 2016). It should also be noted
that we used the trait version of the TMS, and it may still be
possible that state curiosity is an important component of
mindfulness development in MBSR. For example, state curi-
osity could be vital in periods of formal practice (e.g., being
curious about one’s experience during meditation itself) but
not necessarily in daily life. Future research might explore
this possibility, given our findings and the discrepancies in
the literature regarding trait curiosity. Recent employments
of generalizability theory have affirmed these scales’ valid
capturing of trait (vs. state) qualities, meaning important
state changes were likely neglected in our measurement
(Medvedev et al., 2017a, 2021a; Truong et al., 2020). Alter-
natively, novel experience sampling approaches that are con-
fined to periods of formal mindfulness practice may better
capture important state changes that occur over the course
of training (Kiimmerle et al., 2023). As Kiken et al. (2015)
demonstrated, state mindfulness is an important predictor
of trait-level changes associated with MBSR participation.
Future research may seek to determine whether such distinc-
tions between trait and state are specifically meaningful for
curiosity in MBSR. We encourage researchers to explore the
state-trait dichotomy using methods such as experience sam-
pling alongside repeated administration of trait measures.

The lack of change in describing may have similar
explanations. Like curiosity, describing has also shown
evidence of weak factor loadings with mindfulness overall
(Siegling & Petrides, 2016). As defined by the FFMQ,
describing is the ability to put thoughts and emotions
into words. While emotion- and thought-labelling can
be elements of mindfulness practice, MBSR does not
particularly focus on fostering accurate or detailed
description of these experiences (as is conveyed by some
of the FFMQ Describing items). Furthermore, increases
in describing in response to MBSR have been reported
by some studies, but not others (Giannandrea et al., 2019;
Ortet et al., 2020; Winnebeck et al., 2017). According to one
meta-analysis, describing showed weak effect sizes across
88 RCTs of MBIs (Quaglia et al., 2016). More research is
clearly needed to determine whether describing is responsive
to MBSR and whether it is actually necessary for the
development of mindfulness more generally.
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While observing did show increases by the end of the
MBSR course, it did not significantly increase in the first 4
weeks. Observing also did not predict subsequent changes
in the other facets, calling into question its role as a founda-
tional skill. This is consistent with the mixed findings to-date
on observing’s contribution to the development of accept-
ance skills in MBIs, with relevance to the empirical support
of Monitor and Acceptance Theory (Simione & Saldarini,
2023). These findings might be explained by the possibility
that the quality of observing could differ between medita-
tors and non-meditators, in that observing becomes more
objective and obtains a more balanced focus on positive and
negative stimuli with increased mindfulness practice. This
appears to be supported by factor analytic findings that show
observing’s association with the other mindfulness facets
grows stronger post-MBIs (Gu et al., 2016). Thus, observing
may become more consistent with other mindfulness facets
as meditation experience increases, an interpretation which
aligns with the delayed changes in observing found in our
sample of mostly non-meditators.

There were also early improvements in decentering, non-
reactivity, and self-compassion during the first 4 weeks of
the program. Although these early improvements were not
hypothesized, they are also not unprecedented. Significant
mid-course increases in self-compassion have been shown
in previous research (Bergen-Cico & Cheon, 2014), while
one other study has found that nonreactivity can improve
in MBSR as early as 2 weeks into the program (Baer et al.,
2012). This is perhaps unsurprising, as such themes are not
exclusively taught in later weeks of the course. Although
responsivity vs. reactivity (formally taught in Week 4
and Week 5) and self/other compassion (formally offered
in Week 6) are not the explicit focus of early classes, it
is important to acknowledge the implicit ways in which
both are communicated and experienced by participants
even from the first pre-course interview. At the outset and
throughout the program, participants are invited to approach
and explore all aspects of their experience, including pleas-
ant and unpleasant body sensations, emotions, thoughts
and impulses, and circumstances. They are also invited to
do this exploration with kindness, curiosity, and care. The
teacher responding with steady curiosity and kindness to
participants’ reactive experiences (e.g., irritability, shame,
boredom, negativity, and intellectualizing) is perhaps more
effecting than formal psychoeducation about self-compas-
sion or reactivity. It could be argued that decentering is also
implicitly woven into the entirety of MBSR, as much of the
program is focused on disidentification with thoughts and
emotions, even early on.

Our hypothesis that later changes in decentering, non-
judging, nonreactivity, and acting with awareness would
predict later changes in self-compassion was partially sup-
ported. Only changes in non-judging and non-reactivity
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evidenced significant direct effects on changes in self-com-
passion. This is consistent with previous cross-sectional
findings showing that these two facets moderately correlate
with self-compassion and with one longitudinal study sug-
gesting mindfulness development precedes and instigates
self-compassion development in MBSR, which in turn medi-
ates the effects of mindfulness on symptomatology (Bergen-
Cico & Cheon, 2014; Golden et al., 2021; Sweeney et al.,
2021). In interpreting this finding, the conceptual overlap of
non-reactivity and nonjudging with self-compassion should
be noted. The SCS includes both a mindfulness subscale and
(in direct contrast to the FFMQ’s nonjudging) a self-judg-
ment subscale (Neff, 2003). As such, it is unclear the degree
to which the significant effect of nonjudging and nonreac-
tivity on self-compassion reflects these constructs’ concep-
tual/psychometric overlap. Whether mindfulness should be
parsed out as one of six subscales on the SCS is a matter of
open debate—it is likely that the SCS summarizes a complex
series of processes that constitute “self-compassion,” and the
utility of these subscales likely depends on numerous fac-
tors, such as individual differences in context and the time-
frame of measurement (Ferrari et al., 2022). Additionally,
as there was only one mid-course time point in our study,
we had to represent the mindfulness facets’ prediction of
self-compassion as regressions of contemporaneous change
scores; while temporal precedence was implied with these
effects, it was not shown directly. Thus, these effects could
reflect simultaneous change, lagged prediction, or both.
Future studies with additional measurement time points may
clarify these relationships further.

As expected, self-compassion scores had a significant
effect on anxiety and depression scores. The total indirect
effects of the mindfulness facets were nearly all nonsignifi-
cant, possibly indicating the primacy of self-compassion
over and above other mechanisms in predicting changes in
anxiety and depression. The one exception was the indirect
effect of changes in non-reactivity on changes in anxiety (via
self-compassion). Without a direct effect specified a priori,
we cannot make definitive statements about this relation-
ship, but it is noteworthy in light of some previous find-
ings. Non-reactivity has shown significant cross-sectional
relationships with anxiety previously, with some evidence
of partial mediation through decentering (Barcaccia et al.,
2019; Brown et al., 2015). Others found, in a network analy-
sis, that non-reactivity did not have a direct edge shared with
anxiety, but it did with other negative outcomes like stress
and a pre-specified collection of maladaptive nodes (Med-
vedev et al., 2021b). More longitudinal investigations are
needed to determine whether the non-reactivity-anxiety link
holds throughout MBSR and if it is truly mediated by other
variables such as self-compassion.

The unique effects observed for changes in self-compas-
sion on two of the outcome variables perhaps speaks to the
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importance of self-compassion as a mechanism of action, but
also to the benefit of loving-kindness as a module of train-
ing. This result as it relates to depression is also intuitive,
given that individuals suffering from depression often expe-
rience negative self-talk, which is likely to be lessened with
an increased capacity for self-compassion. This result also
builds on preliminary findings showing self-compassion to be
a mediator of well-being changes in MBSR (Gu et al., 2015).
However, as with the other mindfulness facets, self-com-
passion may share conceptual overlap with depression; the
proposed bifactor model of the SCS includes “self-criticism”
as one of two major components of the self-compassion con-
struct (Neff, 2016). While self-criticism is not directly repre-
sented in the DASS-21, it is often considered a core symptom
of depression (Beck et al., 1996; Hgstmelingen et al., 2021).
Therefore, it is possible that this effect reflects the SCS’s
partial capturing of depression in its measurement. This is
in light of recent discussions in the field about the usage of
a “total score” on the SCS, which again, may be an over-
simplification of a dynamic interplay between subprocesses
such as self-kindness, self-judgment/criticism, and feelings
of common humanity (Ferrari et al., 2022; Muris & Otgaar,
2022). Because of the questionable utility of the SCS Total
Score, future work may benefit by exploring these changes in
depression and anxiety alongside the individual subscales of
the SCS. There is psychometric evidence to support two dis-
tinct factors within the SCS—the CS and UCS—representing
protective and vulnerability metrics, respectively; moreover,
these factors may not lie at opposite ends of a shared con-
tinuum, with some orthogonality present (Muris & Otgaar,
2022). Thus, it is perhaps unsurprising that our supplementary
analyses yielded slightly different results using either of these
factors in place of the SCS Total Score. In fact, there was
somewhat better fit of the alternative CS-only and UCS-only
models, with changes on these subfactors predicting overall
changes in anxiety, but not depression. This finding suggests
the possibility that MBSR works to improve the protective
features of self-compassion and reduce uncompassionate
characteristics, with particular relevance to reductions in
anxiety. This also underscores the possibility that the effect
of changes in self-compassion on changes in depression in our
primary model was merely an artifact of using the SCS Total
Score. The path from non-judging to self-compassion also
appeared to be unique to the UCS-only model, and not the CS-
only model. This may represent the UCS factor’s capturing
of self-judgment (Muris & Otgaar, 2022) and its potentially
being the conceptual inverse of the FFMQ’s non-judgment.
Given the slight difference in results between the CS-only and
UCS-only models, these findings further support future inves-
tigations examining these subfactors apart from (or in place
of) the SCS Total score. These distinctions notwithstanding,
across both the bivariate latent growth curve models and the
path analyses, increases in self-compassion appear to play an

operative role in the efficacy of MBSR. This interpretation
is qualified by the fact that we did not include direct effects
of each mindfulness facet on the outcome variables, so full
and partial mediation could not conclusively be identified. It
is also important to acknowledge the drawbacks of an exclu-
sive focus on self-compassion in our study (and in the field
at large). Further work may clarify whether these paths are
unique to self-compassion, or if other-compassion and/or
compassion more broadly have similar effects. The specific
role of LKM in these changes is also not entirely clear, as vali-
dated measures of LKM practice are currently not available.

These considerations notwithstanding the significant
increases in self-compassion observed early in the MBSR
course, along with self-compassion’s direct association
with changes in depression and anxiety, suggest there may
be added benefit to making self-compassion a more explicit
course theme in early sessions. This could imply that it would
be useful to introduce LKM and compassion-based medita-
tions earlier in the course to encourage early gains and treat-
ment buy-in. Such a restructuring of the course sequence is
further supported by the demonstrated efficacy of standalone
LKM and self-compassion interventions (Reilly & Stuyven-
berg, 2023). The prediction of nonreactivity and non-judging
further supports the notion that these skills be emphasized
and taught in-tandem with self-compassion, potentially ear-
lier in the course. Our results also suggest that curiosity and
describing may also not necessarily be preliminary skills that
are prerequisites for later, more impactful skills. However,
more research is needed to determine whether such compo-
nents of mindfulness should be de-emphasized due to being
less directly relevant to clinical change.

Limitations and Future Directions

Although the absence of a control group could be consid-
ered a limitation of this study, we did not set out to conduct
a study of treatment efficacy, as there is already a growing
body of evidence that supports the efficacy of the MBSR
program compared with control conditions. However, the
inclusion of a control group would have bolstered possible
claims of causal inference. Within a control group, we would
have expected minimal change in mindfulness components
over time, and this may have provided a starker contrast to
reveal mechanisms of change. In lieu of a control group,
we planned to statistically control for treatment expectancy,
number of classes attended, amount of home practice, and
perceived levels of group support. Unfortunately, due to a
large amount of missing data and power constraints, this
form of additional statistical control was not feasible.
Missing data, largely by attrition, was the primary limi-
tation of this study. Our attrition rate was slightly higher
than most trials of MBSR over similar time spans (Nam &
Toneatto, 2016). There were several reasons for the higher
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attrition rate in our study. For one, this was an observational
study of a community sample, rather than a randomized clin-
ical trial with a clinical population (such as those examined
in Nam & Toneatto, 2016). Moreover, unlike most clinical
trials, enrolment in our study was not a condition of partici-
pation in the MBSR course itself. Compensation for comple-
tion of the study was also relatively low compared to most
formal clinical trials, so participants may not have been as
motivated to respond to all surveys. An important considera-
tion is that those who did not respond to the later survey time
points may have also dropped out of the course, potentially
for experiencing a lack of benefit, introducing a possible
confound to our findings. Despite this level of missing data,
the study was still powered enough to adequately perform
our planned analyses on data within the 8-week course
period. Additionally, as demonstrated by the missing data
analyses and MAR characteristics of the data, our results
likely would not have differed substantially had attrition and
nonresponse rates been lower. However, the sample size did
preclude us from pursuing there could still have been many
unmeasured variables that may have predicted the missing
data. For instance, as mentioned above, perhaps attritors/
non-responders did not experience much change or benefit
from the course, resulting in their choice not to complete fol-
low-up measures. While age emerged as the only predictor
of missing data, age alone could be a proxy for many other
impactful variables that would complicate the data’s MAR
designation. Thus, all conclusions drawn herein should be
qualified by a strong possibility of response bias. It is pos-
sible that those younger in age were less likely to respond to
surveys due to decreased course attendance and/or having
more time constraints due to outside obligations (employ-
ment, family etc.). However, this explanation is limited, as
employment and marital/partnership status were unrelated
to age and missing data. To our knowledge, no studies have
identified age as a significant predictor of compliance or
attrition in MBSR studies. Future work may wish to explore
this possible association between age, MBSR course partici-
pation, and study compliance.

In particular, the high degree of missing data at the
3-month follow-up precludes any strong conclusions about
mindfulness mechanisms and the long-term outcomes of
MBSR. Constricting our analyses mostly to the timeframe
of the MBSR course itself may be obscuring the way in
which these mechanisms actually change and influence one
another over longer periods. This is especially critical given
recent evidence highlighting the importance of medita-
tion length and “dose response” in bolstering the benefits
of mindfulness practice (Bowles et al., 2022; Strohmaier
et al., 2021). Follow-up and booster sessions for MBIs have
also shown promise in sustaining changes in decentering as
well as remission of depression, anxiety, and stress follow-
ing the initial intervention period (Radosavljevic & Farb,
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2023; Williams et al., 2022). In this way, it is possible that
the sequence of changes that we observed in our study was
related merely to the sequence in which course material was
presented. This would be in contrast to our theoretical vision
of initial skill development naturalistically presaging the
development of later skills. It should be noted that the cur-
riculum sequence did not obviously map onto the sequence
in which the various mindfulness facets developed in our
study. Nevertheless, without additional follow-up data, we
cannot definitively state that the order of skill consolidation
was entirely independent of the curriculum order. This is
also in keeping with an emerging need for more long-term
follow-up research on MBIs, with data collection extending
beyond the intervention period (Lee et al., 2021).

One possible limitation of our study was misspecifica-
tion of our path analysis. A misspecification could explain
why we did not observe an indirect effect of decentering,
despite a wealth of previous literature suggesting decenter-
ing’s importance to MBI outcomes and well-being (Hoge
et al., 2015; Moore et al., 2022; Pearson et al., 2015). An
alternative model specification might have included change
in decentering at the same level as self-compassion, such
that its direct effects on the outcomes could be calculated.
Future studies of mechanisms might explore this possibility,
given the emerging value of decentering in contemporary
mindfulness research and its significant associations with
change in stress and anxiety in our latent growth models. We
also only used one measure of decentering (i.e., the TMS-T)
in our study. Alternative measures, such as the Experiences
Questionnaire (Fresco et al., 2007a), may have yielded dif-
ferent results and could explain the discrepancy between our
findings and others’ regarding decentering.

An additional limitation is that this study was not prereg-
istered. This study was conceived and data were collected
prior to the advent of preregistration and its becoming the
standard for the field. While the study was post-registered,
we recognize that this is not a satisfactory substitute. Pre-
registration is vital for the comparison of hypotheses and
data analytic strategies to a predefined plan, and a lack of
preregistration hinders the assessment of reporting bias and
scientific fidelity.

A further critique could be made that the measures used
in our study do not to entirely encompass the nebulous
construct of “mindfulness,” nor the most vital mechanisms
of change. Any individual self-report measure of mindful-
ness is inherently limited and other drivers of mindfulness
development would likely be better captured using behav-
ioural or neurocognitive approaches (Baer, 2019; Lutz et al.,
2015). Even the usage of alternative self-report measures
(e.g., self-reported trait emotion regulation) may have been
more explanatory. For instance, a structural equation mod-
elling study of meditators and non-meditators revealed five
core mindfulness factors that were each best represented by
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subscales from different measures of mindfulness and emo-
tion regulation—notably, the FFMQ facets uniquely loaded
onto these five factors, but did not demonstrate the highest
loadings on any one factor (Bednar et al., 2020). As has
also been posited by Medvedeyv et al. (2022), scores on Lik-
ert-style measures should be converted to an interval scale
prior to running analyses in order to meet the assumptions
of parametric statistics, as has been previously proposed for
the FFMQ using Rasch analysis (Medvedev et al., 2017b).
Future work may seek to pursue these alternate analyses
and compare results with traditional approaches. Finally,
a limitation to our analytic approach is that there may be
within-person effects that our path analysis model did not
capture, as it was primarily suited for capturing between-
person effects. As our research question was concerned with
individual growth over time, future studies may improve
upon our approach by explicitly using models that elucidate
both between- and within-person effects (Curran & Bauer,
2011). Moreover, a critique could be made of our reliance on
difference scores for the main path analysis model. In plan-
ning our analyses, we considered the possibility of Lord’s
paradox, which suggests potential type 1 error when using
residualized change scores if there are potential baseline
differences (e.g., in Time 1 scores) as a function of the pre-
dictor (Castro-Schilo & Grimm, 2018). However, residual-
ized change scores offer more power due to smaller standard
errors and are therefore more likely to detect an effect. So it
is unsurprising that we discovered slightly different results
using both methods, and we encourage future researchers to
consider the limitations of each in interpreting results from
path analyses or structural equation models.

Our study is also part of a long history in mindfulness
research of nomothetic approaches using quantitative, Likert-
style measures. Such approaches offer limited insights into
the practicalities of how mindfulness skills are applied on
a moment-to-moment basis in individual’s daily lives. Over
the course of MBSR, an individual might report that they
have grown more curious about their experiences and are bet-
ter able to describe those experiences with words; however,
measures like the FFMQ and TMS-T do not elucidate how
those skills are being employed, nor do they identify the rele-
vant stimuli/situations. A better understanding of the sequence
of changes in MBSR could be gleaned through adjunctive
qualitative information. For instance, participants could have
reported on their subjective experience of the course and
personal skill development via free-response diary entries
throughout the study. Such a daily diary approach could, for
example, reveal particular instances in which an individual
is intentionally nonjudgmental and self-compassionate in
response to anxiety or sad mood following a unique stressor.
This is consistent with recent movements in the field more
broadly to collect more ideographic data regarding the mecha-
nisms of mindfulness (Frank & Marken, 2022). This trend is

driven by a growing acknowledgement that important ele-
ments of the change process are likely being lost by rigidly
adhering to conventional operationalizations (or even by
abstracting mindfulness more generally) to serve easier aca-
demic investigation. Even so, efforts to ideographically under-
stand a participant’s experience of mindfulness, particularly
using multimodal qualitative approaches, remain rare and are
sorely needed (Frank & Marken, 2022).

Participants in the current study were not screened for any
specific disorders, but were experiencing moderate levels of
depression, anxiety, and stress at the start of the study. Future
longitudinal studies with participants who experience specific
types of distress such as anxiety disorders or major depression
may be warranted to examine which mindfulness processes
have the greatest effect on changes in symptoms. However, the
benefits of mindfulness-based therapies may not be specific
to certain diagnoses, but rather may be relevant to processes
underlying multiple disorders (Goldberg et al., 2022). Per our
bivariate latent growth curve models showing that decenter-
ing, non-reactivity, and self-compassion each are associated
with reductions in psychological distress, future studies could
examine the effects of emphasizing these processes in training
to determine whether this leads to greater symptom improve-
ment and, if so, for whom. This is in line with an increasing
need in MBI research to examine individual differences and
tailor interventions to account for said differences (Karl &
Fischer, 2022; Zhu et al., 2020). In turn, future work may
place greater emphasis on demographic moderators of these
mechanisms and replication in non-Western populations
(Baminiwatta & Solangaarachchi, 2021). We also acknowl-
edge the deeply unfortunate omission of detailed race/ethnic-
ity and gender data. At the time of data collection, lacking
hypotheses regarding these demographics, the clear impor-
tance of having this information was not apparent, and this
is an oversight that many might consider unthinkable in our
current clinical research landscape. This falls significantly
below current reporting standards and severely limits study
generalizability, and we further recognize the importance of
these variables as potential moderators. For instance, race and
ethnicity, as well as sexual and gender minority status, have
all been shown to differentially predict MBI outcomes (Sun
etal., 2021, 2022). One other important demographic modera-
tor may be participants’ spiritual and/or religious background
(particularly degree of secularity), which could potentially
influence course engagement and the extent to which change
is observed (Palitsky & Kaplan, 2021). Another avenue of
investigation that could be followed up is the issue of develop-
ment of trait curiosity and describing in MBSR to determine
whether these do change over a longer period of time. Finally,
studies should focus on whether these observed changes in
mindfulness facets and psychological symptoms are in fact
specific to MBSR or can also be found in other interventions
as well (Goldberg, 2022).
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