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Training attention and awareness in mindfulness meditation is theorized to be essential for the cultivation of
mindfulness and its salutary outcomes. Yet, the empirical foundation for this central premise in mindfulness
science is surprisingly small due to a limited methodological capacity to measure attention and awareness
duringmindfulness meditation. Accordingly, we set out to measure and study these processes in a laboratory
study (N = 143, 76.92% female) using a novel behavioral measurement paradigm—the mindful awareness
task (MAT). We empirically characterized attention and awareness during mindfulness meditation and
found novel behavioral evidence indicating that, as long-theorized, these processes were related to previous
mindfulness meditation practice, attitudinal qualities of mindfulness, attention regulation, and mental health.
Furthermore, we found that the accuracy of self-reported mindfulness was, paradoxically, dependent on
behavioral capacities for mindful awareness; and that sustained visual attention and executive functions,
measured via cognitive-experimental tasks, were not meaningfully related to attention and awareness
during mindfulness meditation. In contrast, the MAT demonstrated sound psychometric performance as a
measure of mindful awareness, and may overcome significant limitations of extant mindfulness measurement
methods. Collectively, findings challenge conceptual andmethodological assumptions inmindfulness science,
provide a novel paradigmatic direction for research on mindfulness, and present long-awaited evidence that
attention and awareness duringmindfulness meditation may indeed be fundamental to its practice, cultivation,
and salutary functions.

Public Significance Statement
Mindfulness meditation is implemented in a variety of settings and applications. Yet we lack empirical
evidence, and methods to study, a central premise of this intervention approach—that training attention
and awareness through mindfulness meditation is essential to its practice and salutary functions. Using a
novel behavioral measurement paradigm, we provide long-awaited support for this central premise and
show that this paradigm may help advance empirical understanding of mindfulness.

Keywords: assessment of mindfulness, attention in mindfulness meditation, behavioral measurement of
mindfulness, meta-awareness, mindfulness mechanisms
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Attention and Awareness in Mindfulness Meditation

Mindfulness and mindfulness-based interventions—focused on
training attention and awareness through mindfulness meditation—
are now widely implemented in a variety of settings, most notably
clinical and mental health applications (Bernstein et al., 2019; Van
Dam et al., 2018). Likewise, a growing scientific literature has
documented multiple salutary effects of mindfulness meditation
on outcomes such as mental health, stress, well-being, pain, and
addiction (Goldberg et al., 2022; Wielgosz et al., 2019). Buddhist
and contemporary psychological theories propose that training
attention and awareness during mindfulness meditation is an impor-
tant mechanism of action of mindfulness, essential for producing
its salutary effects for mental health (Dahl et al., 2015; Goldstein,
2013; Hölzel et al., 2011; Thera, 2014). Yet, despite its importance
for mindfulness science, the empirical foundation for this central
premise about mindfulness meditation is surprisingly limited
(Im et al., 2021; Lao et al., 2016; Treves et al., 2019). This critical
gap in our empirical knowledge of mindfulness is, in large part, a
byproduct of the field’s limited capacity to measure and quantify
attention and awareness from moment-to-moment during mind-
fulness meditation (Garland & Gaylord, 2009; Van Dam et al.,
2018).
Two fundamental dimensions of mindful awareness1 may be

critical to conceptualizing, and thereby advancing measurement
and empirical understanding of attention and awareness during
mindfulness meditation—the objects and temporal dynamics of
mindful awareness (see Figure 1a; Hadash & Bernstein, 2019).
First, Buddhist and contemporary theory suggest that mindfulness
practice involves awareness of various experiential objects, such as
body (e.g., bodily sensations), mind (e.g., emotions, thoughts), and
hedonic tone (e.g., pleasant experience, unpleasant experience;
Goldstein, 2013; Kabat-Zinn, 2013; Thera, 2014). Accordingly,
these theories propose that mindful awareness of different experi-
ential objects (e.g., body, mind, pleasant experience, unpleasant
experience) is functionally linked to specific salutary outcomes of
mindfulness practices (Anālayo, 2003; Hölzel et al., 2011). For
example, mindful awareness of the body has been theorized to
stabilize awareness and increase awareness of emotional states
(Hölzel et al., 2011; Segal et al., 2013); mindful awareness of
mental events has been theorized to enhance emotion and attention
regulation (Hasenkamp et al., 2012; Vago & Silbersweig, 2012);
mindful awareness of pleasant experience has been theorized to
produce upward spirals of positive emotions (Garland et al., 2010;
Garland&Fredrickson, 2019); andmindful awareness of unpleasant
experience has been theorized to increase distress tolerance and
reduce experiential avoidance (Batchelor, 2019; Crane, 2017;
Hölzel et al., 2011). Thus, mindful awareness of different experi-
ential objects may be important for gaining a larger variety of
benefits from mindfulness practice.
The objects of mindful awareness during meditation are also

thought to reflect at least two important capacities and processes
trained in mindfulness meditation and foundational to its salutary
functions—meta-awareness and broadened and unbiased awareness
(Garland & Fredrickson, 2019; Wielgosz et al., 2019). For example,
meta-awareness, defined as awareness of experiences and processes
in consciousness, may be reflected in increased mindful awareness of
experiential objects (Lutz et al., 2015). Broadened and unbiased
awareness may be reflected in a balance between mindful awareness

of different types of experiential objects (e.g., pleasant and
unpleasant experience; Garland et al., 2015).

In addition to the objects of mindful awareness, Buddhist and
contemporary theory also emphasize that attention and awareness
during mindfulness practice are expressed as temporal processes—
in dynamic or alternating sequences of mindful states and mindless
states (i.e., states with no awareness of present moment experience;
Anālayo, 2003; Hasenkamp et al., 2012; Malinowski, 2013; Thera,
2014). These temporal dynamics of mindful awareness are thought
to reflect at least two important capacities and respective processes
trained in mindfulness meditation and foundational to its salutary
functions—sustained mindful awareness and reengagement in mind-
ful awareness following the onset of mindless states (see Figure 1b;
Bishop et al., 2004; Brown et al., 2007; Hölzel et al., 2011; Vago &
Silbersweig, 2012). For example, sustained mindful awareness is
thought to reduce the frequency of mind-wandering and negative
repetitive thoughts and to facilitate concentration, curiosity, decenter-
ing, equanimity, and insight (Anālayo, 2003; Brewer et al., 2013;
Brown et al., 2007; Dunne et al., 2019). Likewise, the capacity to
notice and disengage from automatic thinking and reengage inmindful
awareness is thought to enable decentering from these thoughts, reduce
the duration of mind-wandering and negative repetitive thoughts, and
increase attentional control and behavioral choice (Bernstein et al.,
2015; Vago & Silbersweig, 2012; Wielgosz et al., 2019).

Thus, Buddhist and contemporary theories suggest that attention
and awareness expressed in the objects and temporal dynamics of
mindful awareness are fundamental to the practice, cultivation, and
salutary functions of mindfulness. Yet, the empirical foundation
of these central theoretical claims is surprisingly limited. First, we
do not yet know whether and how previous experience with
mindfulness meditation may train and impact attention and aware-
ness during meditation; and more specifically, how the objects and
temporal dynamics of mindful awareness change due to previous
experience with mindfulness meditation (Dahl et al., 2015; Lutz et
al., 2008, 2015). Furthermore, we do not have empirical evidence
supporting the putative salutary functions of attention and aware-
ness during mindfulness meditation, such as the ways in which the
objects and temporal dynamics of mindful awareness during
meditation are associated with attitudinal qualities of mindfulness,
attention regulation, and mental health (Van Dam et al., 2018;
Wielgosz et al., 2019).

Measurement of Attention and Awareness in
Mindfulness Meditation

In recent years, leading scholars have argued that these critical
gaps in contemporary science of mindfulness are, in large part, a
byproduct of the field’s limited capacity to measure and quantify
attention and awareness in mindfulness meditation (Davidson &
Kaszniak, 2015; Garland & Gaylord, 2009; Van Dam et al., 2018).
To date, three major approaches have been taken to measure and
study these, and related, mindfulness processes. These include self-
report measures of mindfulness, cognitive-experimental tasks mea-
suring attention and executive functions, and behavioral measures of
mindfulness.
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1 We use the term mindful awareness to refer to aspects of mindfulness
related to attention and awareness which are distinct from attitudinal qualities
of mindfulness (Kabat-Zinn, 2013; Lindsay & Creswell, 2017).

ATTENTION AND AWARENESS IN MINDFULNESS MEDITATION 243



Self-Report Measures of Mindfulness

The most commonly used measurement methodology entails self-
report methods, which include self-report scales and experience
sampling (Davidson & Kaszniak, 2015; Sauer et al., 2013; Van
Dam et al., 2018). Several existing mindfulness scales have demon-
strated acceptable levels of reliability and validity (Baer, 2019).
However, some studies suggest that these measures may also capture
construct-irrelevant variance (e.g., neuroticism, affect; Goldberg
et al., 2016, 2019; Van Dam et al., 2018), and most of these scales
were not designed to assess attention and awareness during mindful-
ness meditation (Tanay & Bernstein, 2013). Notably, self-report
methods are limited by threats to their validity due to retrospective

recall biases and demand characteristics (Grossman, 2008; Van Dam
et al., 2018).Moreover, asmindfulness practice involves the cultivation
of awareness of one’s own awareness (i.e., meta-awareness), the
accuracy or validity of self-reported mindful awareness might para-
doxically and problematically depend on peoples’ capacities for mind-
ful awareness (Davidson & Kaszniak, 2015; Van Dam et al., 2018).

Cognitive-Experimental Tasks Measuring Attention and
Executive Functions

A second approach has applied established cognitive-experimental
tasks measuring attention and executive functions to quantify the
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Figure 1
Two Dimensions of Mindful Awareness: Objects and Temporal Dynamics of Mindful Awareness

(b)

(a)

Note. (a) Mindful awareness is represented by the flashlight and its beam of light. The objects of mindful awareness are
represented by the direction in which the flashlight is pointed, causing it to illuminate specific types of present moment
experiences (e.g., body, hedonic tone, mind). The temporal dynamics of mindful awareness are represented by turning the light
on (i.e., mindful states) and off (i.e., mindless states) over time. (b) Mindfulness processes reflected in the duration of mindful
and mindless states—sustained mindful awareness and latency to reengagement in mindful awareness. Figure adapted from
“Behavioral assessment of mindfulness: Defining features, organizing framework, and review of emerging methods” by Y.
Hadash and A. Bernstein, 2019, Current Opinion in Psychology, 28, pp. 229–237 (https://doi.org/10.1016/j.copsyc.2019.01
.008.). Copyright 2019 by Elsevier. Adapted with permission. See the online article for the color version of this figure.
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cognitive capacities thought to subserve mindful awareness (Lao
et al., 2016; Van Dam et al., 2018). For example, sustained attention
tasks have been proposed to measure the cognitive capacities thought
to subserve sustained mindful awareness, and tasks measuring exec-
utive functions (e.g., task switching) have been proposed to measure
the cognitive capacities thought to subserve disengagement from
mind-wandering and reengagement in mindful awareness (Bishop
et al., 2004; Chiesa et al., 2011; Hölzel et al., 2011; Malinowski,
2013; Vago et al., 2019). However, whereas extant cognitive-
experimental tasks are explicitly designed to measure and quantify
external sensory-perceptual, typically visual, attention (Amir et al.,
2021), mindfulness practice usually involves internally directed
attention such as attention to bodily sensations and mental events
(Hadash & Bernstein, 2019). Accordingly, the cognitive capacities
involved in internally directed attention in mindfulness meditation
may be distinguished from those involved in sensory-perceptual
cognitive-experimental tasks (Chun et al., 2011; Dixon et al., 2014;
Levinson et al., 2014). Indeed, evidence regarding the effects of
mindfulness practice on cognitive tasks measuring attention and
executive functions are, at best, mixed (Chiesa et al., 2011;
Gallant, 2016; Im et al., 2021; Lao et al., 2016; Vago et al.,
2019). These findings raise critical questions regarding the func-
tional significance of the cognitive processes measured by these
tasks for mindfulness practice.

Behavioral Measures of Mindfulness

Due to the limitations of extant approaches to measurement of
mindfulness, researchers have begun to develop and test behavioral
measures of mindfulness, some of which are focused on measuring
mindful awareness duringmeditation (Frewen et al., 2008; Levinson
et al., 2014). These behavioral measures are designed to quantify
attention to, awareness of, or attitudes toward, present moment
experience. Importantly, experimental stimuli in these measures
are present moment experiential objects of mindful awareness
common to mindfulness training (e.g., breath, interoception, men-
tal events; Hadash & Bernstein, 2019). Below, we briefly review
existing behavioral measures and methodological approaches used
to measure mindfulness (see Hadash & Bernstein, 2019, for a more
comprehensive review).
Several existing behavioral measures of mindfulness utilize real-

time reports of mindful awareness of the breath using button presses
during a 10–20-min focused attention meditation (e.g., Meditation
Breath Attention Scores Task; Frewen et al., 2008). Preliminary
findings support the construct validity of their scores as indices of
mindful awareness of the breath and acting with awareness, but not as
indices of other facets or properties of mindfulness (Burg&Michalak,
2011; Frewen et al., 2008, 2011, 2016). A second approach used in
the Breath Counting Task involves real-time reports of breath count-
ing to measure sustained mindful awareness of the breath. Impor-
tantly, findings provide initial evidence of the construct validity of
the task’s score as an index of mindfulness, and more specifically
as an index of sustained mindful awareness of the breath (Levinson
et al., 2014;Wong et al., 2018). A third approach used in interoceptive
sensitivity/accuracy tasks (e.g., Heartbeat Detection Tasks) compares
subjective reports of an interoceptive experience with objective
markers or experimental manipulations of that experience (See
Treves et al., 2019, for a review). Evidence supporting the construct
validity or known-groups validity of these task's scores as indices

of mindfulness processes are sparse—findings suggest that these
tasks do not differentiate long-term meditators from non-
meditators and that mindfulness training may only lead to small
improvements in these tasks (Hadash & Bernstein, 2019; Treves
et al., 2019). Finally, a fourth approach has been used to measure
attitudes toward present moment experience by means of experi-
mental elicitation of a present moment experience (e.g., fear)
concurrent with an implicit measurement of attitudes toward the
elicited experience. Findings provide initial evidence for the
construct validity of the scores of a task implementing this
approach as a measure of nonjudging and disidentification from
experience (Hadash et al., 2016).

Importantly, although some existing behavioral measures of
mindfulness demonstrate acceptable preliminary psychometric
properties, these measures do not provide a comprehensive mea-
surement of the objects and temporal dynamics of mindful aware-
ness during meditation. Most existing behavioral measures of
mindfulness have been designed to assess mindful awareness of
the breath in focused attention meditation—one specific experiential
object of mindful awareness (Burg & Michalak, 2011; Frewen et al.,
2008; Levinson et al., 2014). Although important, these behavioral
measures were not designed to measure or quantify mindful aware-
ness of other experiential objects such as bodily sensations (other than
the breath), mental events, and hedonic tone. Moreover, existing
measures were not designed to detect the dynamic moment-to-
moment expression of mindful awareness during meditation, and
therefore, lack the temporal resolution needed to capture processes
expressed in the temporal dynamics of mindful awareness during
meditation (Hadash & Bernstein, 2019).

The Present Study

Extant measurement methods, including self-report scales,
cognitive-experimental tasks, and behavioral measures of mind-
fulness, provide a limited capacity to study and advance under-
standing of attention and awareness during mindfulness meditation.
This has led to critical gaps in our empirical knowledge of the roles
of attention and awareness during mindfulness meditation in the
practice, cultivation, and salutary functions of mindfulness. Accord-
ingly, we set out to study these processes by means of a novel
behavioral paradigmmeasuring the objects and temporal dynamics
of mindful awareness during meditation—the mindful awareness
task (MAT). In a laboratory study, we used the MAT to empirically
examine the following four aims and thereby address fundamental
gaps in the measurement of, and empirical understanding of,
attention and awareness during mindfulness meditation. Aim 1:
To empirically characterize attention and awareness during mind-
fulness meditation. Aim 2: To test whether and how previous
meditation practice predicts attention and awareness during mind-
fulness meditation. Aim 3: To study whether and how attention and
awareness during mindfulness meditation are associated with
attitudinal qualities of mindfulness, attention regulation, and mental
health. Aim 4: To investigate the psychometric performance of the
MAT relative to self-report measures and cognitive-experimental
tasks in measuring mindful awareness. In this study, participants
performed the MAT, cognitive-experimental tasks measuring sus-
tained visual attention and task switching, and self-report measures
of mindfulness, attention (dys)regulation, and mental health.
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Method

Participants

One hundred forty-three adult participants from a university com-
munity completed the study, ages 19–51 years, M(SD) = 26.52(5.41)
years. Sample size was determined a priori to enable the detection of
associations between MAT scores and criterion variables of moderate
magnitude (power = .95 for detecting r ≥ .30, two-tailed). Most
participants were female (76.92% female); Jewish (98.6% Jewish,
0.7% Arab, 0.7% Russian); secular (74.8% secular, 16.1% tradi-
tional, 9.1% religious); undergraduate students (4.9% high-school
diploma, 74.8% BA students, 7.0% BA degree, 9.1%MA students,
4.2%MAor a PhD degree); single (75.5% single, 13.3% cohabitation
with partner, 9.1%married, 2.1% divorced or single parents); and did
not have children (94.4% did not have children). Participants income
levels were diverse (37.8% below-average income, 21.7% average
income, 39.9% above-average income, 0.7% did not report income).
Twenty-three-percent of participants (n = 33) reported previous

mindfulness meditation practice, including M(SD) = 3.89(8.32)
months of regular mindfulness meditation practice; M(SD) =
1.94(3.44) days in mindfulness meditations retreat(s); and M(SD) =
10.76(42.69) mindfulness meditation sessions in mindfulness-based
interventions or mindfulness meditation groups (see Supplemental
Materials, for additional details). Ten percent of participants (n = 14)
reported previous practice of meditation styles that do not emphasize
the cultivation of mindfulness (e.g., transcendental meditation) and
no previous mindfulness meditation practice (see Supplemental
Materials, for description of meditation style classification). Persons
were not eligible to participate if: (a)<18 years of age; (b) uncorrected
vision problems; and (c) Hebrew as second language, or self-reported
lack of fluency in speaking or reading Hebrew. Participants received
monetary compensation or course credit for their participation. One
participant chose to discontinue study participation. The study
received human subjects research ethics approval.

Procedure

Following informed written consent, participants completed an
online baseline trait self-report assessment battery at home. One
week later they completed an assessment session in the lab, in which
they first performed the MAT immediately followed by experience
sampling and state self-report assessment of mindful awareness
during theMAT. Participants then performed the sustained attention
to response task (SART) and alternating-runs task switching para-
digm (ARTS) which were counter-balanced, and finally completed
the previous meditation experience questionnaire.

Measures

MAT

During the MAT, participants performed a 20-min mindfulness
meditation in which they were instructed (a) to monitor a wide range
of prominent present moment experiences (e.g., sensations, emo-
tions, thoughts), and (b) to direct their awareness to their breath
when they do not notice any experience. To measure attention and
awareness during meditation, participants were also instructed (a) to
verbally state a label describing each experience they notice (e.g.,
“warm,” “happy,” “worried”), and (b) to press a button whenever

they notice their inhalation or exhalation (see Figure 2a). Notably,
theMAT instructions are similar to instructions of several traditional
Buddhist and contemporary forms of mindfulness sitting medita-
tion, in which mental labeling of experience is used along with
mindfulness of the breath (Anālayo, 2003; Goldstein, 2013; Kabat-
Zinn, 2013; Mahasi, 1978; Segal et al., 2013).

To quantify the objects of mindful awareness during meditation,
qualitative coding of the content of participants’ verbal labels during
the MAT was used to compute scores for meta-awareness, mindful
awareness of body, mind, thinking, pleasant and unpleasant hedonic
tone (see Figure 2). To quantify the temporal dynamics of mindful
awareness, the timing and order of labels and button presses were
analyzed to divide and classify the 20-min meditation into mindful
sequences, mindless sequences, and sequences that could not be
classified as mindful or mindless. The durations of mindful and
mindless sequences were used to compute scores for mindful aware-
ness time, sustained mindful awareness, and latency to reengagement
in mindful awareness (see Figure 2). See Supplemental Materials,
for a detailed description of the MAT procedure, label coding
procedure, sequence classification algorithm, and computation of
all task scores.

SART

The SART is a go/no-go continuous performance task and was
used to quantify sustained visual attention (Robertson et al., 1997).
See Supplemental Materials, for a description of the task procedure
and computation of task scores.

ARTS

The ARTS paradigm was used to quantify executive functions
and levels of interference between competing tasks (Kiesel et al.,
2010). See Supplemental Materials, for a detailed description of the
task procedure and computation of task scores.

Self-Report Scales

The previous meditation experience questionnairewas composed
based on existing guidelines (Lutz et al., 2007; Van Dam et al.,
2018) to assess participants previous experience in meditation (see
Supplemental Materials, for description). The Mindful Attention
Awareness Scale was used to measure self-reported trait present
moment attention and awareness (Brown & Ryan, 2003). The
Five Facet Mindfulness Questionnaire was used to measure the
following self-reported trait facets of mindfulness: observing,
describing, acting with awareness, nonjudging, and nonreactivity
(Baer et al., 2006). The State Mindfulness Scalewas used to measure
self-reported state mindful awareness, mindful awareness of body,
and mindful awareness of mind during the MAT mindfulness
meditation (Tanay & Bernstein, 2013). The Multidimensional
Assessment of Interoceptive Awareness was used to measure the
following self-reported trait dimensions of interoceptive awareness:
noticing, emotional awareness, self-regulation, and attention regu-
lation (Mehling et al., 2012). The Drexel Defusion Scale was used
to measure self-reported trait decentering (Forman et al., 2012;
Hadash et al., 2017). Toronto Mindfulness Scale—Curiosity sub-
scale was used to measures self-reported state curiosity toward
present moment experience (Lau et al., 2006). The Attentional
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Control Scale was used to measures self-reported trait capacity to
control attention (Derryberry & Reed, 2002). The Mind-Wandering
Questionnaire was used to measure self-reported trait mind-
wandering (Mrazek et al., 2013). The Patient Health Question-
naire–9 was used to measure self-reported levels of depression
symptoms (Kroenke et al., 2001). The Penn State Worry Question-
naire was used to measure self-reported trait levels of worry (Meyer
et al., 1990). The Beck Anxiety Inventory was used to measure self-
reported levels of anxiety symptoms (Beck et al., 1988). All scales
were translated and back-translated from English to Hebrew by staff
fluent in Hebrew and English using structured guidelines (Geisinger,
1994; See Supplemental Materials, for references of Hebrew transla-
tions of most measures). Internal reliabilities for all scales and

subscales were above acceptable levels (α ≥ .70) and for most scales
and subscales were good or excellent (α ≥ .80; see Table S2 in
Supplemental Materials for α values).

Experience Sampling of State Mindfulness Processes

Single-item experience samples were administered immediately
after the MAT to measure state self-reported mindfulness processes
during the MAT. Experience samples were composed to capture the
following processes: meta-awareness, mindful awareness of body,
mind, pleasant, and unpleasant experience, sustained mindful
awareness, and latency to reengagement in mindful awareness
(see Table S3 in Supplemental Materials for item wording).
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Figure 2
MAT Times-Series Data, Data Analytic Methodologies, and Scores Computation

(a)

(b)

Note. (a) Time periods in which participants continuously indicated mindful awareness via verbal labels and button presses were classified as
mindful sequences. Time periods in which participants did not provide any indication of mindful awareness—no button presses indicating
awareness of the breath and no verbal labels reflecting awareness of present moment experience—were classified as mindless sequences (see
Supplemental Materials, for detailed description of the sequence classification algorithm). (b) The number of labels reflecting meta-awareness,
and mindful awareness of body, mind, thoughts, pleasant and unpleasant hedonic tone were tallied to quantify the frequencies of mindful
awareness of these experiential objects. The temporal dynamics of mindful awareness scores were quantified based on the duration of mindful and
mindless sequences. MAT = mindful awareness task. See the online article for the color version of this figure.
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Experience samples of mindful awareness of body, mind, pleasant,
and unpleasant experience were tested as measures of mindfulness
in a previous study (Hadash et al., 2016).

Transparency and Openness

All reported data are deposited in the Open Science Framework
(https://osf.io/a679v). This study was not preregistered.

Results

Reliability of MAT Scores

See Table 1, for reliability coefficients of MAT scores. Split-half
reliabilities of most MAT scores were good (>.80) or excellent
(>.90). Interrater reliabilities of the objects of mindful awareness
scores were all excellent (>.90; see Supplemental Materials, for
additional findings on interrater reliabilities).

Aim 1: Empirically Characterizing Attention and
Awareness During Mindfulness Meditation

See Table 1, for descriptive statistics of MAT scores for the total
sample, and Table 2 for descriptive statistics for participants with and
without previousmindfulnessmeditation practice.MATscores indicated
that participants were meta-aware—noticed a present moment experi-
ence other than the breath—M(SD) = 23.38(19.29) times during the
20-minmeditation. Furthermore, a comparison ofMAT scores indicated
that frequencies of mindful awareness differed between experiential
objects. Specifically, participants demonstrated a slightly higher fre-
quency of mindful awareness of their body than their mind2, t(142) =
2.31, p= .02, Cohens’ d= 0.19; and amuch higher frequency ofmindful
awareness of unpleasant than pleasant experience, t(142) = 14.14, p <.
001, Cohens’ d = 1.18 (see Supplemental Materials, for these analyses
among participants with previous mindfulness meditation practice).
MAT scores also indicated that participants engaged in

mindful awareness M(SD) = 47.04% (25.58%) of the time,
sustained mindful awareness for M(SD) = 42.92 (51.45) s, and
reengaged in mindful awareness M(SD) = 11.97(7.41) s following
the onset of mindless states. Notably, a comparison of MAT scores

indicated that sequences of sustained mindful awareness were signifi-
cantly longer on average duration than sequences of mindless states,
t(142)= 14.70, p<. 001, Cohens’ d= 1.23 (see SupplementalMaterials,
for this analyses among participants with previous mindfulness medita-
tion practice). Finally, coefficients of variation of MAT scores
indicated that participants demonstrated high levels of individual differ-
ences on all objects and temporal dynamics of mindful awareness�
SDrange

Mrange
= .54 to 1.53

�
. However, some of the MAT scores displayed

evidence for floor effects, and none of the MAT scores displayed
evidence for ceiling effects (see Supplemental Materials, for tests of
floor and ceiling effects).

Aim 2: Whether and How Previous Meditation
Practice Predicts Attention and Awareness
During Mindfulness Meditation

We used multivariate analysis of variance and follow-up t tests, to
examine the differences between participants with (n = 33) and
without (n = 110) previous mindfulness meditation practice on
mindfulness processes during meditation measured by the MAT. As
expected, participants with previous mindfulness meditation prac-
tice were more frequently aware of most experiential objects and
engaged in mindful awareness for a larger proportion of time; model
F(9, 133) = 2.56, p = .010, η2p = 0.15 (see Table 2 for follow up
t tests). Importantly, these differences were specific to mindfulness
meditation practice. Participants with previous practice of meditation
styles that do not emphasize the cultivation of mindfulness (e.g.,
transcendental meditation) did not display greater mindful awareness
during meditation compared to participants with no meditation practice
at all (see Supplemental Materials). We furthermore tested whether
the amount of previous mindfulness meditation practice (number of
months) predicts greater mindful awareness during meditation as
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Table 1
Descriptive Statistics and Reliabilities of MAT Scores

Dimension MAT score M (SD) Split-half reliabilitya Interrater reliabilityb

Objects of MA Meta-awareness 23.38 (19.29) .92c .99c

MA of body 11.69 (12.99) .88c .99c

MA of mind 8.03 (7.48) .85c .99c

MA of thoughts 5.57 (6.67) .86c .99c

MA of pleasant 1.37 (2.09) .65c .97c

MA of unpleasant 7.57 (8.12) .82c .98c

Temporal dynamics of MA MA time 564.35 (307.06) s .94 —

47.04% (25.58%)
Sustained MA 42.92 (51.45) s .82c —

Latency to MA 11.97 (7.41) s .88c —

Note. Objects of mindful awareness scores reflect the number of labels representing meta-awareness, and mindful awareness of body,
mind, thoughts, pleasant and unpleasant hedonic tone during the 20-min MAT mindfulness meditation. N = 143. MAT = mindful
awareness task; MA = mindful awareness; Latency to MA = latency to reengagement in mindful awareness.
a Spearman–Brown prophecy-corrected. b One-way random effects intraclass correlation coefficients (ICC) testing for absolute
agreement for a single measurement (Koo & Li, 2016; McGraw & Wong, 1996). Interrater reliabilities were computed on 60
participants (42% of sample) that were coded by two coders (see Supplemental Materials). c Computed on Log10 transformation of
score because nontransformed values were skewed (see Supplemental Materials).

2 All MAT scores except for total mindful awareness time were positively
skewed (skewnessrange = 1.43 to 5.13; see Table S5 in Supplemental
Materials). Skewed scores were transformed using a Log10 transformation
(Log10 transformed skewnessrange = −0.85 to 1.16) and all statistical
analyses were performed on transformed scores to protect against violating
normality assumptions of statistical tests.
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measured by the MAT, among participants that have/had a regular
mindfulness meditation practice (i.e., at least once a week; n = 16).
As expected, number of months of regular mindfulness meditation
practice strongly and positively predicted greater meta-awareness (r =
.51, p = .04), mindful awareness of body (r = .52, p = .04), mindful
awareness time (r = .70, p = .003), and sustained mindful awareness
(r = .87, p < .001, see Table S7 in Supplemental Materials).

Aim 3: Whether and How Attention and Awareness
During Mindfulness Meditation Are Associated With
Attitudinal Qualities of Mindfulness, Attention
Regulation, and Mental Health

We used stepwise regression models to test whether and which
specific mindfulness processes during meditation measured by the
MAT are uniquely associated with attitudinal qualities of mindfulness,
attention (dys)regulation, and mental health (see Table 3 and Table S8
in Supplemental Materials). Generally, mindfulness processes during
meditation were associated with attention (dys)regulation, mental
health, and some attitudinal qualities of mindfulness (Rrange = .21 to
.34). Moreover, the majority of stepwise regression models retained at
least one object of mindful awareness and at least one type of temporal
dynamic, indicating that in many cases both objects and temporal
dynamics of mindful awareness were related to these processes.

Aim 4: Psychometric Performance of the MAT Relative
to Self-Report Measures and Cognitive-Experimental
Tasks in Measuring Mindful Awareness

Aim 4a: Are Behavioral and Self-Reported Mindful
Awareness Related?

We tested whether behavioral mindfulness processes (i.e., mea-
sured via the MAT) were correlated with state self-report measures
assessing the same mindfulness processes during the MAT mind-
fulness meditation (i.e., experience samples and scales); as well as
with trait self-report scales of mindfulness facets theoretically
related to these mindfulness processes. While, as predicted, all
correlations between MAT scores and self-reported state mindful-
ness were significant and ranged from small to large in magnitude

(rrange = .19 to .52; see Table 4), only half of the correlations
between MAT scores and self-reported trait mindfulness were
significant, and correlations were small in magnitude (rrange = .22 to
.27; see Table 4).

Aim 4b: Is the Accuracy of Self-Reported Mindful
Awareness Dependent on Levels of Behavioral Mindful
Awareness?

We used Breusch–Pagan tests of heteroscedasticity to examine
whether participants with higher behavioral mindful awareness dem-
onstrated greater correspondence (i.e., reduced prediction errors/
residuals) between their self-reported and behavioral levels of mindful
awareness. Analyses indicated significant heteroscedasticity in most
associations between MAT scores and their corresponding state
self-report measure (see Table S9 in Supplemental Materials). As
predicted, participants with high behavioral mindful awareness
demonstrated significantly greater correspondence between their
self-reported and behavioral mindful awareness. In contrast, partici-
pants with low behavioral mindful awareness reported a broader
range of mindful awareness ratings (i.e., very high to very low levels)
and demonstrated lower correspondence between their self-reported
and behavioral mindful awareness (see Figure 3). This pattern of
heteroscedasticity suggests that participants with high behavioral
mindful awareness may provide relatively more accurate and valid
self-reports on their levels of state mindfulness than participants with
low behavioral mindful awareness.

Aim 4c: Are Attentional Processes Measured via
Cognitive-Experimental Tasks Related to Attention and
Awareness During Mindfulness Meditation?

First, we testedwhether levels of sustained visual attention (SART)
were related to behavioral sustained mindful awareness during
meditation (MAT). Second, we tested whether levels of interference
between competing tasks (ARTS) were related to increased interfer-
ence of mind-wandering during meditation, measured as longer
latencies to disengage frommind-wandering and reengage in mindful
awareness (MAT). Sustained mindful awareness during meditation
was negatively but weakly correlated with an index of transient
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Table 2
T Tests and Descriptive Statistics for Mindfulness Processes Measured via the MAT by Previous Mindfulness Meditation Practice

MAT score

Participants with previous mindfulness
meditation practice (n = 33)

Participants without previous mindfulness
meditation practice (n = 110)

t df P Hedges’ gM (SD) M (SD)

Meta-awareness 33.24 (19.94) 20.42 (18.17) 4.80a*** 82.23a <.001a 0.75a

MA of body 16.09 (13.61) 10.37 (12.56) 4.02a*** 76.94a <.001a 0.65a

MA of mind 12.21 (7.70) 6.78 (6.97) 3.99a*** 141a <.001a 0.79a

MA of thoughts 9.09 (6.63) 4.52 (6.34) 4.38a*** 141a <.001a 0.87a

MA of pleasant 1.76 (2.33) 1.25 (2.01) 1.26a 141a .21a 0.25a

MA of unpleasant 10.91 (9.28) 6.56 (7.49) 3.02a** 141a .003a 0.60a

MA time 57.82% (24.25%) 43.80% (25.18%) 2.83** 141 .005 0.56
Sustained MA 60.43 (91.21) 37.67 (29.77) 0.86a 39.65a .40a 0.22a

Latency to MA 11.19 (4.34) 12.20 (8.10) −0.18a 141a .86a −0.04a

Note. See the Participants subsection for descriptive statistics of previous mindfulness meditation practice. MAT = mindful awareness task; MA =
mindful awareness; Latency to MA = latency to reengagement in mindful awareness.
a Computed on Log10 transformation of score because nontransformed values were skewed (see Supplemental Materials).
** p < .01. *** p < .001.
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disengagement of attention from the dynamic features of a visual
task (SART-reaction time variability r= −.18, p= .03) but was not
correlated with an index of inattention to visual information and
motor behavior (SART-commission errors r = .02, p = .85). Latency
to disengage from mind-wandering and reengage in mindful aware-
ness during meditation was positively but weakly correlated to an
index of impaired task set competition management (ARTS-mixing
cost r= .18, p= .03) but not correlated with an index of impaired task
set reconfiguration (ARTS-switching cost r = .09, p = .31).

Aim 4d: Is Previous Mindfulness Meditation Practice
Related to Self-Reported Mindfulness and to Attentional
Processes Measured via Cognitive-Experimental Tasks?

We tested whether, participants with, relative to participants
without previous mindfulness meditation practice, demonstrated
greater self-reported mindfulness (measured via mindfulness scales)
and greater capacities for sustained visual attention and task switching
(measured via cognitive-experimental tasks). In contrast to behavioral
mindful awareness (see Aim 2), the associations between previous
mindfulness meditation practice and self-reported mindfulness
were null or in the direction opposite to prediction (see Table S10 in

Supplemental Materials). Likewise, previous mindfulness meditation
practice was not related to sustained visual attention or task switching
(see Supplemental Materials).

Discussion

Buddhist and contemporary psychological theories suggest that
training attention and awareness during mindfulness meditation is
fundamental to the practice, cultivation, and salutary functions of
mindfulness (Dahl et al., 2015; Goldstein, 2013; Hölzel et al., 2011;
Thera, 2014). Yet, despite its theoretical significance, the empirical
foundation of this central premise in contemporary mindfulness
science is surprisingly limited (Im et al., 2021; Lao et al., 2016;
Treves et al., 2019). These critical gaps in contemporary science of
mindfulness are, in large part, a byproduct of the field’s limited
capacity to measure attention and awareness during mindfulness
meditation (Davidson & Kaszniak, 2015; Garland &Gaylord, 2009;
Van Dam et al., 2018). Accordingly, we set out to measure and study
attention and awareness during mindfulness meditation in a labora-
tory study (N = 143, 76.92% female) by means a novel behavioral
paradigm—the MAT. We used the MAT to empirically characterize
attention and awareness during mindfulness meditation, their
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Table 3
Stepwise Regressions Testing Associations Between Mindfulness Processes Measured via the MAT and Attitudinal Qualities of Mindfulness,
Attention (Dys)Regulation, and Mental Health

Note. The table presents semipartial correlations (sr) and coefficients of multiple correlation (R) in stepwise regression models. Each column represents
one stepwise regression model predicting indices of attitudinal qualities of mindfulness, attention (dys)regulation, or mental health. Semipartial correlation
values are reported only for MAT predictors retained in each stepwise model. Models for FFMQ nonjudging and FFMQ-nonreactivity subscales were not
created because no predictors were significantly associated with predicted values. See Table S8 in Supplemental Materials for all stepwise regression
models’ parameters. N = 143. MAT = mindful awareness task; MA = mindful awareness; sr = semipartial correlation; Latency to MA = latency to
reengagement in mindful awareness; FFMQ = Five Facet Mindfulness Questionnaire; DDS = Drexel Defusion Scale; TMS = Toronto Mindfulness Scale;
MAIA = Multidimensional Assessment of Interoceptive Awareness; ACS = Attentional Control Scale; MWQ = Mind-Wandering Questionnaire;
PHQ-9 = Patient Health Questionnaire–9; PSWQ = Penn State Worry Questionnaire; BAI = Beck Anxiety Inventory. See the online article for the
color version of this table.
* p < .05. ** p < .01. *** p < .001.
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associations with previous meditation practice, and their salutary
correlates; and to investigate the psychometric performance of this
novel behavioral paradigm relative to self-report measures and
cognitive-experimental tasks in measuring mindful awareness.

Empirically Characterizing Attention and Awareness
During Mindfulness Meditation

First, we found that during mindfulness meditation, participants
demonstrated a much higher frequency of mindful awareness of
unpleasant relative to pleasant experience, as well as a slightly
higher frequency of mindful awareness of bodily experiences (e.g.,
bodily sensations) relative to mental experiences (e.g., emotions,
thoughts). These novel behavioral findings suggest that the well-
documented negativity bias phenomenon (Baumeister et al., 2001;
Rozin & Royzman, 2001) may also be expressed during mindful-
ness meditation as a tendency to notice unpleasant experience to a
much greater extent than pleasant experience. Second, we found
that, on average, participants engaged in mindful awareness

approximately half (47%) of the time meditating, and that states
of sustained mindful awareness were longer in duration than states
without mindful awareness (i.e., mindless states) during meditation.
Interestingly, these novel behavioral findings parallel estimates of
mindful awareness and mind-wandering during meditation derived
from brain decoding of neuroimaging data (Weng et al., 2020).

Associations of Previous Meditation Practice With
Attention and Awareness During Mindfulness
Meditation

We found that previous mindfulness meditation practice was
moderately to strongly associated with greater mindful awareness
of most experiential objects, mindful awareness time, and sustained
mindful awareness during meditation. Furthermore, these associa-
tions were specific to mindfulness meditation practice, such that
previous practice of meditation styles that do not emphasize the
cultivation of mindfulness (e.g., transcendental meditation) was not
similarly related to attention and awareness during mindfulness
meditation. These findings are important because, to date, findings
regarding the associations between mindfulness practice and con-
ventional measures of attention (e.g., Continuous Performance
Task) and interoceptive awareness (e.g., Heartbeat Detection Tasks)
are, at best, mixed (Im et al., 2021; Lao et al., 2016; Treves et al.,
2019). Thus, in line with theory and neuroimaging findings
(Brefczynski-Lewis et al., 2007; Brewer et al., 2011; Hölzel et al.,
2007; Lutz et al., 2004, 2008), these findings provide novel and
much-needed behavioral evidence that previous mindfulness medi-
tation practice may have a substantial effect on attention and
awareness during mindfulness meditation.

Associations Between Attention and Awareness During
Mindfulness Meditation and Attitudinal Qualities of
Mindfulness, Attention (Dys)Regulation, and Mental
Health

We found novel behavioral findings indicating that people with
greater attentional control tended to notice less thoughts, and that
people with greater mental health symptoms tended to notice more
unpleasant experiences during mindfulness meditation. First, in line
with previous findings (Mrazek et al., 2012), greater attentional
control and reduced mind-wandering were related to reduced
awareness of thoughts during meditation. Second, in line with
findings indicating mental health symptoms are linked to biases
in attentional selection of negative stimuli (Amir et al., 2021;
Mennen et al., 2019), greater depression and anxiety symptoms
and greater worry were related to greater awareness of unpleasant
experience during meditation.

We also found novel and important evidence indicating that
greater mindful awareness of mental events and pleasant experience
during mindfulness meditation were related to putative salutary
correlates of mindfulness. First, in line with the theorized roles of
mindful awareness of mental events in emotion regulation and
depression relapse prevention (Crane, 2017; Segal et al., 2013;
Vago & Silbersweig, 2012), increased mindful awareness of mental
events during meditation was related to greater self-regulation and
reduced depression symptoms. Second, in line with the theorized
bidirectional effects of mindful awareness of pleasant experience on
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Table 4
Associations Between Behavioral Mindful Awareness and Self-
Reported State and Trait Mindful Awareness

MAT score and self-report score

Pearson/weighted
least squared
correlation p

Behavioral mindfulness and self-reported state mindfulness
MAT meta-awareness and ES
meta-awareness

.34a,b*** <.001

MAT MA of body and ES MA of body .43a,b*** <.001
MAT MA of mind and ES MA of mind .19a,b* .03
MAT MA of pleasant and ES MA of
pleasant

.52a,b,c*** <.001

MAT MA of unpleasant and ES MA of
unpleasant

.44a,b,d*** <.001

MAT sustained MA and ES sustained MA .23b** .006
MAT latency to MA and ES latency to MA .24b** .004
MAT MA time and SMS-total .26a** .002
MAT MA of body and SMS-body .33a,b*** <.001
MAT MA of mind and SMS-mind .21a,b* .01
MAT MA of thoughts and SMS-mind .22b** .008

Behavioral mindfulness and self-reported trait mindfulness
MAT MA of body and MAIA-noticing .15b .06
MAT MA of body and FFMQ-observing .22b** .008
MAT MA of mind and MAIA-emotional
awareness

.27b*** <.001

MAT MA of mind and FFMQ-describing −.09b .288
MAT sustained MA and FFMQ-acting with
awareness

−.01b .922

MAT latency to MA and FFMQ-acting with
awareness

−.23b** .005

Note. N = 143 unless otherwise specified. MAT = mindful awareness task;
ES = experience sampled; MA = mindful awareness; Latency to MA =
latency to reengagement in mindful awareness; SMS = State Mindfulness
Scale; MAIA = Multidimensional Assessment of Interoceptive Awareness;
FFMQ = Five Facet Mindfulness Questionnaire.
a Weighted least squares due to heteroscedasticity (see Table S9 in Supple-
mental Material). b Computed on Log10 transformation of MAT score
because nontransformed values were skewed (see Supplemental
Materials). cN = 126 (see Table S3 note in Supplemental Material). dN =
140 (see Table S3 note in Supplemental Material).
* p < .05. ** p < .01. *** p < .001.
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upward spirals of positive emotions including curiosity and interest
(Garland & Fredrickson, 2019; Garland et al., 2010, 2015), greater
mindful awareness of pleasant experience during meditation was
related to increased curiosity toward experience.
Finally, we found theoretically important behavioral evidence

indicating that specific temporal dynamics of mindful awareness
were related to distinct putative salutary correlates of mindfulness.
First, in line with theory and research in contemplative, cognitive,
and clinical sciences (Smallwood & Schooler, 2015; Vago &
Silbersweig, 2012; Wielgosz et al., 2019), shorter latencies to
reengagement in mindful awareness following the onset of mindless
states were related to greater attention regulation and control, lower
mind-wandering, and reduced depression symptoms. Second, in line
with theory (Bernstein et al., 2015; Segal et al., 2013), increased
mindful awareness time during meditation was related to greater
decentering and reduced worry. Third, in line with theory implicat-
ing bidirectional effects of sustained mindful awareness on attitudi-
nal qualities like curiosity and vice versa (Anālayo, 2003; Brewer
et al., 2013), sustained mindful awareness was related to increased
curiosity toward experience.
Collectively, these findings provide novel and important behav-

ioral evidence that, in line with theory, the objects and temporal
dynamics of mindful awareness during meditation are related to
attitudinal qualities of mindfulness, attention (dys)regulation in
daily living, and mental health. Recent evidence indicates that
self-reported mindfulness meditation practice quality mediates the

effects of mindfulness meditation practice on salutary outcomes
(Del Re et al., 2013; Goldberg et al., 2014, 2020). Accordingly,
mindfulness processes expressed in the objects and temporal
dynamics of mindful awareness may reflect important dimensions
of mindfulness meditation practice quality, and therefore may
function as mechanisms that mediate the effects of mindfulness
meditation practice on salutary outcomes (Anālayo, 2003; Hölzel
et al., 2011; Vago & Silbersweig, 2012).

Psychometric Performance of the MAT Relative to
Self-Report Measures and Cognitive-Experimental
Tasks in Measuring Mindful Awareness

We found that the MAT displayed sound psychometric perfor-
mance as a measure of mindful awareness and, specifically, of
attention and awareness during mindfulness meditation. First, MAT
scores displayed good to excellent split-half and interrater reliabilities.
Second, in contrast to self-report methods and cognitive-experimental
tasks, most MAT scores were associated with previous mindfulness
meditation practice—evidence of known-groups validity and incre-
mental validity. Third, MAT scores were not associated with previous
practice of meditation styles that do not emphasize the cultivation of
mindfulness—evidence of discriminant validity. Fourth, each MAT
score was associated with its corresponding state self-report measure
assessing the same object or temporal dynamic of mindful aware-
ness during meditation—evidence of convergent validity. Finally,

T
hi
s
do
cu
m
en
t
is
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al

A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le

is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al

us
e
of

th
e
in
di
vi
du
al

us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

Figure 3
Examples of Heteroscedastic Associations Between Mindfulness Processes Measured by the MAT and Their Corresponding State Self-
Report Scores

Note. Participants with higher behavioral mindful awareness (MAT scores) demonstrated significantly better correspondence between their self-reported
and behavioral levels of mindful awareness, as indicated by significantly reduced residuals. All correlations were computed using weighted least squares due
to heteroscedasticity, and all MAT scores were Log10 transformed because nontransformed values were skewed (see Tables S5 and S9 in Supplemental
Materials). ES = experience sampled; MAT = mindful awareness task. See the online article for the color version of this figure.

252 HADASH, RUIMI, AND BERNSTEIN

https://doi.org/10.1037/pas0001194.supp
https://doi.org/10.1037/pas0001194.supp


MAT scores predicted the accuracy of self-reported state mindful
awareness and were associated with attitudinal qualities of mind-
fulness, attention (dys)regulation, and mental health—evidence of
criterion validity.
In contrast, we found that self-report methods for measuring

mindful awareness, including extensively used trait and state self-
report scales and experience sampling, may be limited in measuring
mindfulness processes trained and expressed in mindfulness medi-
tation. First, in contrast to the MAT, and partially in line with
previous findings (Falkenström, 2010; Manuel et al., 2017), most
mindfulness self-report scales were not related to previous practice
of mindfulness meditation; and participants with previous mindful-
ness meditation practice demonstrated significantly lower mindful-
ness scores than participants without previous practice on two (sub)
scales. Second, in line with previous findings (Frewen et al., 2011,
2016; Levinson et al., 2014), half of the associations between self-
report scales of trait mindfulness and behaviorally measured mind-
fulness processes during meditation were null, and the remaining
correlations were small in magnitude (rrange = .22 to .27). Third, in
line with theory (Davidson & Kaszniak, 2015; Van Dam et al.,
2018), participants with high behavioral mindful awareness dem-
onstrated good correspondence between their self-reported and
behavioral mindful awareness, while participants with low behav-
ioral mindful awareness demonstrated low correspondence. Thus,
people with high (behavioral) mindful awareness capacities may
provide relatively accurate and valid self-reports on their levels of
mindfulness, whereas people with lowmindful awareness capacities
may not be able to provide accurate and valid self-reports on their
levels of mindfulness. Notably, this finding may have broad im-
plications for mindfulness research, as self-report methods are the
most commonly used approach to measure mindfulness, and are
often used among people with putatively low mindful awareness
capacities (e.g., meditation novices; Baer, 2019; Van Dam et al.,
2018). If replicated, self-report measurement of mindfulness
among such people may need to be reexamined and interpreted
with caution.
Furthermore, we found novel behavioral evidence indicating that

cognitive-experimental tasks thought tomeasure key cognitive capac-
ities subserving mindful awareness (Bishop et al., 2004; Chiesa et al.,
2011; Lutz et al., 2008; Malinowski, 2013) may, in fact, not be good
cognitive proxies of attentional processes trained and expressed in
mindfulness meditation. First, in contrast to the MAT, levels of
sustained visual attention (SART) and of interference between com-
peting tasks (ARTS; i.e., executive function) were not related to
previous practice ofmindfulness meditation. These null findings align
with mixed findings regarding the effects of mindfulness practice on
cognitive-experimental tasks measuring attention and executive func-
tions (Gallant, 2016; Im et al., 2021; Lao et al., 2016; Vago et al.,
2019). Second, the associations between levels of sustained visual
attention and of interference between competing tasks and behavior-
ally measured attention and awareness during meditation were either
null or weak (r = .18). Collectively, these findings may suggest that
attention and awareness in mindfulness meditation may be largely
determined by domain-specific capacities (e.g., subserving internally
directed cognition) that are distinguished from those involved in
sensory-perceptual cognitive-experimental tasks (e.g., measuring
externally directed cognition; Chun et al., 2011; Dixon et al., 2014;
Levinson et al., 2014).

Limitations and Future Directions

First, the MAT was designed to measure attention and aware-
ness during mindfulness meditation, but not attitudinal qualities of
mindfulness. Future studies using the MAT may also use behav-
ioral measures of attitudinal qualities of mindfulness for a more
comprehensive behavioral assessment of mindfulness processes
(Hadash & Bernstein, 2019; Hadash et al., 2016). Second, the
present study did not examine whether the MAT also demonstrates
robust psychometrics among advanced meditators. For example,
some advanced meditators could, potentially, enter altered meditative
states of consciousness during the MAT (e.g., absorptions and
formless attainments; Anālayo, 2003; Thanissaro, 2012) which
may interrupt button presses and/or verbal labeling. Future studies
focused on advanced meditators are needed to examine the MAT
score’s reliability and validity, as well as rule out potential ceiling
effects, among advanced meditators. Importantly, in this sample,
we did not find any ceiling effects in MAT scores, indicating higher
scores may be obtained by advanced meditators. Third, the present
sample included mostly young, predominantly female, educated
adults from Israel. Future studies may test whether findings repli-
cate among populations from additional and diverse demographic
backgrounds, as well as among clinical or selected populations.

Fourth, by design, additional behavioral measures of mindful-
ness were not included in this single-session study due to potential
carryover, training, and task switching effects that are expected to
alter the psychometric performance of these measures, particularly
among meditation naïve participants. Future studies may test the
incremental validity of theMAT relative to other behavioral measures
of mindfulness by administering tasks over separate sessions. Fifth,
during the MAT, participants are instructed to provide behavioral
reports of their mindful awareness during meditation (i.e., verbal
labels and button presses). Accordingly, like many other behav-
ioral measures of mindfulness, providing behavioral reports during
meditation may alter the experience of meditation and therefore,
the measure may not function as a purely naturalistic observation
of mindful awareness during meditation.

Sixth, stepwise regression models were used in some of the
analyses (Aim 3 analyses) to address multicollinearity between
MAT scores. However, stepwise regression models may capitalize
on sample-specific properties, and thus, future studies are needed
to replicate these findings in independent samples. Seventh, to
retain statistical power and limit Type II errors in this first study of
the MAT, we did not control for multiple comparisons. Future
studies are needed to test whether these findings replicate in
independent samples. Finally, the present study entailed a cross-
sectional correlational design. Future randomized controlled study
designs could test the effects of mindfulness training on attention
and awareness during mindfulness meditation using the MAT,
as well as to test whether such effects prospectively mediate the
salutary outcomes of mindfulness training.

In addition to using the MAT to study mindfulness, the MAT
may also have implications for mindfulness training that may be
tested in future studies. For example, based on an assessment
of each participants’ objects and temporal dynamics of mindful
awareness via the MAT, meditation instructions may be personal-
ized to train mindful awareness of specific experiential objects
(e.g., pleasant experience) and/or specific processes reflected in the
temporal dynamics of mindful awareness (e.g., sustained mindful
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awareness). Thus, this type of mindfulness training personaliza-
tion, often conducted by meditation instructors through the process
of inquiry (Crane, 2017; Segal et al., 2013), may now be digitally
guided, as well as systematically studied through the MAT.

Conclusions

Using the MAT, a novel behavioral measurement paradigm of
mindful awareness, we empirically characterized attention and
awareness during mindfulness meditation and provided important
evidence that attention and awareness during mindfulness meditation
may indeed be fundamental to the practice, cultivation, and salutary
functions of mindfulness. Furthermore, we presented novel evi-
dence suggesting that whereas self-report measures and cognitive-
experimental tasks may be limited in measuring mindful awareness
capacities and attentional processes trained and expressed during
mindfulness meditation; the MAT may overcome these limitations
and perform as a reliable and valid measure of mindful awareness
during meditation. Accordingly, it may provide a valuable measure-
ment paradigm for the field to look inside the “black box” of
mindfulness meditation, and thereby explore a variety of questions
about attention and awareness in mindfulness meditation and
practice.
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