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Abstract

Objectives Theoretical models propose metacognition to be one of the underlying cognitive mechanisms of mindfulness.
However, only few studies have examined metacognition objectively with laboratory tasks in relation to mindfulness. Here,
we investigated whether the metacognitive process of monitoring and its accuracy are associated with mindfulness-based
meditation practice.

Method In total, n= 124 participants (including n=61 young mindfulness meditation practitioners with at least 3 years
of meditation practice engaging in >3 sessions per week, and n =63 non-practitioners) completed an adapted metacogni-
tive visuo-spatial working memory task and provided monitoring judgments after each trial (confidence judgments [CJ]
regarding their recall performance). Monitoring accuracy was operationalized as the relationship between CJ and objective
performance. All participants completed the Mindful Attention Awareness Scale (MAAS) and practitioners the Meditation
Depth Questionnaire (MEDEQ) as well as open questions regarding their meditation practice.

Results Overall monitoring accuracy was significant (y= 0.52, p <0.001), indicating that participants were sensitive to vari-
ations in their memory performance. However, no group differences between practitioners and non-practitioners were found,
except for the MAAS (1= —3.14, p=0.002), reflecting that practitioners reported higher levels of mindfulness. Within the
group of practitioners, no features of meditation practice, nor MEDEQ or MAAS scores were significantly correlated with
monitoring accuracy.

Conclusions We discuss the object of monitoring, and the level of consciousness assessed in the present metacognition task
as possible reasons for null findings as well as various conceptualizations of meta-awareness within contemplative traditions
and its overlap with different facets of metacognition as avenues for future research.

Preregistration The study was preregistered and the preregistration can be accessed at https://osf.io/k8hcv/.
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Metacognition is a fundamental part of our ability to
know ourselves. It includes both the ability to be aware of
one’s mind (bottom-up monitoring of cognitive processes)
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and to regulate it (top-down control of object-level pro-
cesses; Nelson & Narens, 1994). Recently, metacognition
scholars have proposed that mindfulness-based medita-
tion can be seen as a practice that promotes cultural learn-
ing of metacognition (Heyes et al., 2020). Mindfulness
involves a close, repetitive observation and reflexive
contemplation of one’s own experience (Bodhi, 2011).
In other words, mindful states emerge when an individual
pays attention “on purpose, in the present moment, and
non-judgmentally to the unfolding experience” (p. 145,
Kabat-Zinn, 2003). Heightened attention and an open ori-
entation to one’s own mental processes (Brown & Ryan,
2003) both require that the person monitors and controls
their ongoing cognitive activity, which are the two core
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functional mechanisms of procedural metacognition (Nel-
son & Narens, 1994).

In the past decades, research in basic and applied psychol-
ogy has amassed a large body of evidence on the importance
of metacognition, for instance, in learning and academic
achievement (Dent & Koenka, 2016; Ohtani & Hisasaka,
2018), and in the treatment of various forms of psychopa-
thology (Bernstein et al., 2015). A relatively younger body
of research suggests that mindfulness-based meditation prac-
tice improves mental health outcomes and promotes adaptive
behavioral change (Goldberg et al., 2018; Schuman-Olivier
et al., 2020). One potential pathway by which mindfulness-
based meditation may improve mental health outcomes and
promote adaptive behavioral change is through changes in
cognitive functioning (Kuan, 2012; Vago et al., 2019). While
metacognition has been proposed as one of the main cogni-
tive constructs underlying mindfulness (e.g., Jankowski &
Holas, 2014; Shapiro et al., 2006), few studies assess meta-
cognition objectively with established laboratory tasks and
their findings are inconsistent (Baird et al., 2014; Bockler &
Singer, 2022; Schmidt et al., 2019). The overarching ques-
tion addressed here was the extent to which the metacogni-
tive process of monitoring is associated with mindfulness-
based meditation practice. Specifically, young mindfulness
meditation practitioners were expected to show better meta-
cognitive monitoring accuracy in a visuo-spatial working
memory task compared to a control group consisting of
non-practitioners.

Metacognition theorists commonly refer to two forms
of metacognition (Efklides, 2008; Flavell, 1979). Declara-
tive metacognition (also, metacognitive knowledge) refers
to information stored in long-term memory and includes
one’s knowledge and understanding of cognitive processes,
of one’s own and other’s cognitive abilities, and of strategies
and tasks. Procedural metacognition (also, metacognitive
skills) are cognitive processes that allow us to self-observe
our learning or cognitive processes (metacognitive moni-
toring) and make appropriate adjustments (metacognitive
control) during a learning or cognitive task. The influential
model of Nelson and Narens (1994) refers to metacogni-
tive monitoring taking place when information flows from
the object-level (the level of the cognitive activity) to the
meta-level (which contains a mental representation of the
cognitive activity).

Metacognitive monitoring is itself a multifaceted
concept, comprising a range of experiences and activi-
ties. Early research into metacognition examined fleeting
experiences like feelings of knowing and tip of the tongue
phenomena, which can be attributed to monitoring pro-
cesses occurring somewhat automatically or unconsciously
(Schwartz, 1994). Focusing more on conscious reports,
in experimental cognitive psychology, metacognitive
monitoring has been studied by collecting monitoring

judgments from participants before or directly after they
provide an answer or response in a cognitive task. This can
include prospective feelings of knowing, prospective judg-
ments of learning, and retrospective confidence judgments.
These can be considered a “read out” of the contents of
the meta-level and are also believed to be influenced by
various cues (Koriat, 2012). One major advantage of col-
lecting monitoring judgments is that the accuracy of the
information gained through monitoring can be evaluated
by considering the agreement between monitoring judg-
ments and objective performance. Measures of relative
accuracy indicate a person’s sensitivity to variations in
their performance across trials or items and are assessed
via correlations (Mengelkamp & Bannert, 2010). Thus,
subjective reports (i.e., confidence judgments) along with
objective task performance allow an objective assessment
of the accuracy of an individual’s metacognitive monitor-
ing skills in a particular context.

A plethora of studies have used monitoring judgments
to investigate the factors influencing how judgments are
made and their accuracy. Most relevant to the current study,
Koriat (1997) has demonstrated that more practice providing
monitoring judgments on a set of items is associated with
improved relative monitoring accuracy, but with impaired
absolute monitoring accuracy (over-/underestimation). He
interpreted this finding as indicating that participants shift
from relying on information-based cues to experience-based
cues with practice. Experienced-based cues have internal,
subjective sources. One consequential hypothesis is then,
that the more often one engages in intentionally monitoring
their mental state, the more attuned they will become to their
own experiential internal cues which tend to also be more
valid. For this reason, in the current study, individuals who
regularly practice mindfulness were expected to also provide
more accurate monitoring judgments regarding their own
cognitive processes.

Mindfulness-based meditative practices across various
cultures and traditions aim to cultivate a deeper introspec-
tive awareness of cognitive, emotional, and experiential
mental states through the systematic examination of first-
person experiences (e.g., Lutz et al., 2007). Mindfulness
(sati in Pali) is at the heart of all classical systems of Bud-
dhist meditation (Bodhi, 2011). With increasing mindfulness
and clear comprehension (sampajaiiria in Pali), meditators
gain insight into the reality of their bodies, thoughts, and
feelings, as well as mental objects (e.g., images, attitudes)
and eventually the transient nature, that is the arising and
passing, of physical, mental, or emotional phenomena is
revealed. Thus, mindfulness is not only a goal but also a pro-
cess that deepens with continuous practice and transforms
the personality. This process has been operationalized with
the Meditation Depth Questionnaire (MEDEQ); Piron, 2020),
which assesses effortful struggles with the requirements of
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the chosen technique to the realization of the fundamental
ground of all being, where all dualities dissolve.

To make the complex construct of mindfulness accessible
to psychological research, Brown and Ryan (2003) identi-
fied two intertwined processes of mindfulness—attention
and awareness—which are constant features of normal
functioning but can be considered enhanced attention to (as
a capacity that prevents distraction) and open or receptive
awareness of current experience (as a capacity to detect dis-
traction when it occurs) during mindful states. The Mindful
Attention Awareness Scale (MAAS; Brown & Ryan, 2003),
has been developed to measure self-reported mindfulness
reliably and briefly both in inter- and intraindividual terms.

Together with the growing popular and scientific interest
surrounding the construct and practice of mindfulness and
related types of meditation, criticism of the scope and defini-
tion of these approaches and their scientific evidence base
has grown (Goldberg et al., 2022; Van Dam et al., 2018).
To address the question of what meditation encompasses,
Matko and colleagues (2021) compiled a collection of 309
meditation techniques spanning all major traditions through
a literature search and interviews with expert meditators.
The comprehensive classification system yielded seven
clusters (e.g., mindful observation, body-centered medi-
tation, contemplation, meditation with movement, Matko
& Sedlmeier, 2019), which was used in the present study.
Adding to the challenge of operationalization, in the study
of long-term meditators, the duration and frequency of medi-
tation sessions have been operationalized differently (Van
Dam et al., 2018), resulting in a low level of comparability
across studies.

The involvement of metacognition in mindfulness is
acknowledged in various theoretical models of mindfulness
(e.g., Shapiro et al., 2006). Jankowski and Holas’ (2014)
metacognitive model of mindfulness offers a particularly
detailed understanding of the (meta)cognitive mechanisms
involved in mindfulness (Norman, 2017). Adopting the
structure proposed by Nelson and Narens (1994), which
distinguishes between an object-level and a meta-level, they
propose an additional level. Metacognition during mindful-
ness thus takes place at a meta-meta level. At the meta-level,
metacognitive thoughts or experiences relate to raw, first-
level experience or qualia—e.g., “I feel my feet touching the
floor.” At the meta-meta-level, the object of metacognition
is itself observed—e.g., “I am thinking of the qualities of
my bodily sensations.” Thus, a person—when mindful—is
aware of being aware (i.e., of their metacognition)—or in
other words, mindfulness involves a higher order-conscious
awareness of being aware. Importantly, being aware of the
present moment (e.g., experiencing bodily sensations) does
not necessarily imply that a person is aware of such aware-
ness. While the “lower” level of mindfulness can occur with-
out any conscious intention, the “higher” level needs to be
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induced deliberately, and it is assumed that people without
any meditation experience can rarely achieve it. Importantly,
Jankowski and Holas (2014) suggested that the mindful
meta-level is always conscious while the other meta-levels
of cognition can occur implicitly (i.e., metacognition may
also include implicit and unconscious processes).

Empirical evidence supporting the metacognitive model
of mindfulness stems from several lines of research. First, a
vast literature from expertise and training studies supports
effects of mindfulness on higher-order cognitive functions
(in particular, executive function, working memory, and
attention; Chiesa et al., 2011; Fabio & Towey, 2018; Whit-
field et al., 2022). Second, neurobehavioral research that
assesses neural activation during states of mindfulness sug-
gests that the functional and structural plasticity induced by
some types of meditation practices occur in the same brain
regions that are involved in metacognition (e.g., prefrontal
cortex, anterior cingulate cortex, and insula; Fox et al., 2014,
2016; Sezer et al., 2022). Third, several empirical findings
suggest that intentionally practiced mindfulness leads to
decreases in dissociations between the meta- and object-
levels. For instance, temporal dissociation such as mind-
wandering is negatively correlated with trait and entrained
mindfulness (Mrazek et al., 2012; Smallwood & Schooler,
2006). In sum, although empirical evidence is promising, it
is often indirect, the effects are often small, mindfulness-
based interventions and practices show large heterogeneity,
and studies often lack rigorous methodologies.

With regard to specific effects of mindfulness-based
interventions on self-reported metacognitive monitoring and
other facets of metacognition, prior research is scarce. For
instance, Kok and Singer (2017) investigated the effects of
a large-scale mindfulness training project named ReSource,
which included 3-month long training modules (in total 9
months of mindfulness training) including three distinct
types of mindfulness training: present moment attention
and interoceptive awareness (breathing meditation and
body scan); care, compassion, and gratitude (loving kind-
ness meditation); and metacognition and perspective-tak-
ing (thought-observing meditation). They reported that
the thought-observing module led to a greater increase in
thought awareness than did two other meditation modules.
Observing thoughts also decreased distraction by thoughts;
however, this change was not statistically different from the
change found in the other two modules. The authors argue
that some of the overlapping effects may be attributed to
continuing practice in (re)directing and sustaining attention
to a given object in the present moment, regardless of its
focus (i.e., breath, body, thought).

Further, Sanger and Dorjee (2015) found in 16- to
18-year-old students after eight mindfulness sessions deliv-
ered in a school setting a significant change in students’
metacognitive beliefs (Cartwright-Hatton et al., 2004).
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Mindfulness training was associated with reductions in
students’ hypercritical self-beliefs, whereas students in the
control group showed an increase in reliance on worry. The
authors argue that these findings suggest that mindfulness
may have a be-friending effect on how students relate to
their own mind.

In contrast to these positive mindfulness effects on
self-reported metacognition, the findings of studies that
employed more objective laboratory measures of metacog-
nitive skills are fewer in number and have delivered less
consistent findings. Baird et al. (2014) found improved
metacognitive monitoring accuracy (labeled sensitivity)
in a recognition memory task but not in a perceptual deci-
sion task in participants who received an intense 2-week
meditation training (focused attention meditation inspired
by Buddhist practice) compared to an active control group.
Aiming to tease apart effective components of meditation,
Schmidt et al. (2019), however, found no improvements
in metacognitive sensitivity in a perceptual decision task
and memory recognition task (combined) after receiving 8
weeks of thought-observing mindfulness training, and nega-
tive effects after a body-focused mindfulness training. Simi-
larly, Bockler and Singer (2022) tested differential training
effects in the ReSource project and observed that while none
of the training modules significantly altered metacognitive
sensitivity in a perceptual decision task, a trend-level find-
ing reflected that all training groups remained stable in their
metacognitive sensitivity, whereas the passive control group
declined over the course of the study.

When researching working memory and metacognition in
the context of mindfulness, it is important to clearly specify
how these constructs are operationalized. The assessment of
procedural metacognition is always tied to a primary task,
and when studying the association between mindfulness
practice and metacognitive monitoring, a crucial question
to address is, monitoring of which cognitive activity should
we investigate? In the current study, a visuo-spatial working
memory task was selected as the primary task for various
reasons, elaborated here. First, to avoid the undue influence
of domain-specific self-concept on monitoring judgments
(Héndel et al., 2020) and different levels of familiarity and
domain-specific expertise across participants, an unfamiliar,
non-academic task that did not make demands on language
abilities was preferred. Consequently, various cognitive
tasks can be considered, and because some prior interven-
tion studies found positive effects on monitoring of mem-
ory but not perceptual decision-making (Baird et al., 2014;
Bockler & Singer, 2022), memory was prioritized. Within
the domain of memory, the fact that working memory has a
strong attentional component made it especially relevant to
mindfulness-based meditation given the central role of atten-
tion in mindfulness (Brown & Ryan, 2003). Consequently,
the complex span task was selected as primary task, which

involves shifting between memory maintenance and manipu-
lation of information, and as such taxes the attentional com-
ponents of working memory models (i.e., the central execu-
tive from Baddeley & Hitch, 1974, and the focus of attention
from Cowan, 1999). Lastly, it seemed important to avoid a
task where performance is assessed via speed, because it
has been suggested that mindfulness does not exert its larg-
est effects on tasks assessing speed and accuracy (Gallant,
2016). Rather, because mindfulness instructions typically
include taking time to observe present-moment experience
in a non-judgmental and decentered way, it may have greater
effects on other qualities of attention, such as interoception
(Farb et al., 2013) and decentering (Fresco et al., 2007).
Working memory and metacognition have of course
been studied previously, mostly in the context of aging. For
instance, it has been reported that younger adults give more
accurate monitoring judgments about their working memory
performance than older adults (Touron et al., 2010), and that
those with higher working memory capacity provide more
accurate monitoring judgments than those with lower work-
ing memory capacity (Komori, 2016). For these reasons, we
were optimistic that if mindfulness practice is associated
with improvements in the monitoring of working memory,
our study would detect them. As mentioned previously, it has
also been reported that mindfulness has positive effects on
higher-order cognitive functions, including working mem-
ory. A recent meta-analysis showed that across subgroup
analyses of individual cognitive domains, mindfulness-based
programs outperformed comparators for working memory
outcomes with a moderate effect size (g =0.23; Whitfield
et al., 2022). A proposed explanation for this effect could be
the engagement of cognitive processes involved in working
memory during mindfulness practice. Mindfulness practice
requires one to repeatedly employ “selective and reflective
attentional engagement, disengagement, maintenance, and
monitoring [...] these processes are also necessary to suc-
cessfully maintain and manipulate information in working
memory” (p. 274, Jha et al., 2019). Given this prior empiri-
cal evidence, it was important in the present study to be
able to evaluate any group differences on working memory
performance, as well as on monitoring judgment accuracy.
From a neurodevelopmental perspective, improvements
in metacognition through mindfulness are of special interest,
as they have potentially wide-raging implications, including
strengthening the self-regulatory abilities of young people
(Kaunhoven & Dorjee, 2017). Given that adolescence and
early adulthood are a late catchment period for frontal brain
development (Fuster, 2008), and in particular the prefron-
tal cortex and anterior cingulate cortex that are centrally
involved in metacognition (Baird et al., 2013; Fleur et al.,
2021; Norman et al., 2019), mindfulness-based practices
may exert a pronounced effect within these developmental
stages characterized by high plasticity (Weil et al., 2013).
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In the present study, practitioners aged 18 to 30 years of
age, who have been practicing mindfulness at least three
times a week for a minimum of 3 years, were sought. Thus,
at the minimum, practitioners in this study have a lifetime
practice of approximately 150 h, which would correspond to
intermediate practitioners (101-1000 h) by the standard of a
recent representative large-scale meditation study (Van Dam
et al., 2024). This is a population group that has been rarely
studied in meditation expertise research, where a mean age
of 40 years or older is common (Goldberg et al., 2021; Lutz
et al., 2008; Van Dam et al., 2024).

The overarching question addressed here was the extent to
which the metacognitive process of monitoring is associated
with mindfulness-based meditation practice. Theoretical and
empirical support of the crucial role of metacognition in
mindfulness has been solidified and differentiated within the
past decade. Mindfulness meditation studies assessing meta-
cognition objectively, however, are sparse and findings are
mixed (Baird et al., 2014; Bockler & Singer, 2022; Schmidt
et al., 2019). The present study adds to this intervention-
based body of evidence by asking whether young mindful-
ness meditation practitioners show superior metacognitive
monitoring accuracy in a visuo-spatial working memory task
compared to a control group. Given that theoretical mod-
els (e.g., Jankowski & Holas, 2014) propose metacognition
to be one of the main underlying cognitive mechanisms of
mindfulness, we expected monitoring accuracy to be higher
in the group of practitioners compared to non-practitioners
(hypothesis 1). Further, we expected that within the group of
practitioners, depth of meditation (indexed by the MEDEQ)
would be positively correlated with monitoring accuracy
and with self-reported mindfulness (indexed by the MAAS;
hypothesis 2). We also expected that, within the group of
practitioners, monitoring accuracy would be positively cor-
related with experience in years, duration, and frequency
of mindfulness-based practices (hypothesis 3). Monitor-
ing accuracy (correlation between confidence judgments
and recall accuracy) was our primary outcome of interest;
however, we also considered other indices of metacognitive
performance, such as monitoring bias (difference between
confidence judgments and recall accuracy), and response
time to give the confidence judgments.

Method
Participants

A total of 137 participants from Germany and German-
speaking regions of Switzerland took part in the study. Both
practitioners (individuals who regularly engage with mind-
fulness and meditation) and non-practitioners (individuals
who do not regularly practice mindfulness and meditation)
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were recruited. Practitioners were recruited through emails
sent out to Buddhist meditation centers, postings in social
media groups that focus on mindfulness and meditation, and
mailing lists sent out to Swiss and German universities. Indi-
viduals were eligible for the practitioner group if they were
between the ages of 18 and 30 years, had at least 3 years
of formal practice, and were practicing mindfulness-based
meditation at least three times a week. From the practitioner
sample, 11 participants had to be excluded (n=7 partici-
pants did not fulfil the inclusion criteria meditation practice
and n=4 did not fulfil the age criteria). After exclusions, the
practitioner group consisted of 61 participants (M, =23.56
years; SDage =3.05 years; 43 female, 17 male, 1 non-binary).
The non-practitioner group was recruited at a German uni-
versity. Non-practitioners were required to fulfill the age cri-
teria, and they were only eligible if they did not participate
in mindfulness or meditation exercises in the last 3 months.
From the non-practitioner sample, two participants were
excluded because they did not fulfil the age criteria and/or
they made too many errors identifying the odd shapes in the
Metacognitive Odd One Out task (OOO; see Data Exclusion
below). After these exclusions, the non-practitioner group
comprised 63 participants (M,,,=21.21; SD,,, =2.38 years;
46 females, 17 males).

The final sample (n=124) was larger than the target
sample size, which was n=102 with 51 participants in each
group. This was determined based on a power analysis cal-
culated in G*Power (Faul et al., 2007) assuming a medium
effect size of d=0.50 for the group difference in gamma
correlation. In a previous unpublished study using the same
task, participants reported if they had engaged in mindful-
ness practices within the previous 2 months. A group dif-
ference in the gamma correlation was observed between
those who had engaged in mindfulness practices (n=30)
and those who had not (n=51), #(79)=1.71, p=0.045,
d=0.39 (one-sided #-test). We expected the effect size in
the current study to be larger because we compared much
more experienced practitioners with non-practitioners. As
such, the power analysis was based on a medium effect size.
Descriptive statistics for practitioners and non-practitioners
including demographic information (age, gender, education,
occupational status) can be found in Table 1.

age

Practitioners’ Characteristics

To get an understanding of the participants’ characteris-
tics, multiple choice questions were asked about meditation
technique, the affiliated tradition, and the frequency and
intensity of their practice. Questions concerning practi-
tioners’ meditation techniques and the tradition(s) they fol-
lowed were based on categories developed by Matko and
Sedlmeier (2019). Practitioners were asked to indicate which
meditation techniques they practiced (e.g., body-centered
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Table 1 Descriptive statistics
for practitioners and non-

Practitioners

Non-practitioners

Group difference

practitioners n=61 n=063
Gender
Female 43 (70.50%) 46 (73%)
Male 17 (27.90%) 17 (27%)
Diverse 1 (1.60%) 0
Age (years) M=23.56 (SD=3.05) M=21.21(SD=2.38) p<0.001
Education p<0.001
Matura/Abitur 38 (62.30%) 60 (95.20%)
Bachelor 16 (26.20%) 3 (4.80%)
Master 7 (11.50%) 0
Occupational status
Studying 48 (78.69%) 63 (100%)
Apprenticeship 2 (3.29%) 0
Working 9 (14.75%) 0
Other 2 (3.29%) 0
Self-reported mindfulness M=4.12 (SD=0.73) M=3.73 (SD=0.67) p<0.01
(MAAS)

Note. MAAS Mindful Attention Awareness Scale (5-point Likert scale)

meditation, mindful observation, visual concentration) and
which traditions they followed (Zen Buddhismus, Thera-
vada Buddhismus, Tibetan Buddhism, Sivananda Yoga,
Kundalini Yoga, Yoga (other), Hinduist traditions, Osho,
MBSR, Christian traditions, Sufi, Qigong/Tai Chi, other)
by selecting all the answers that applied. Practitioners were
also asked to indicate for how long they had been practic-
ing mindfulness or meditation (years of practice), as well as
how long one current mindfulness/meditation session lasts
(mean duration of one session/sitting in minutes), and how
frequently they practiced (frequency of practice as sittings
per week). Furthermore, they were asked whether they prac-
ticed mindfulness-based meditation in a group or by them-
selves. Descriptive statistics for practitioners can be found
in Table 2.

Procedure

Participants (practitioners and non-practitioners) completed
the study online on their own laptop or PC (the use of tablets
or smartphones was not permitted). They were instructed
to only begin the study when they were in a quiet, undis-
turbed environment; the testing duration was approximately
30 min. Participants clicked on a link that directed them
to the Pavlovia platform (Bridges et al., 2020) where the
00O experiment was hosted. On this website, participants
were asked to generate a unique identifier, and they had to
confirm that they fulfilled the eligibility criteria. Then, par-
ticipants received information about data protection regula-
tions. Participants were only able to participate after they
confirmed that they read and understood all the information

about the study. First, all participants completed the OOO
task. Next, they were redirected to the SoSciSurvey platform
(Leiner, 2019) and provided some demographic information
about their highest educational level and their occupation.
Then, all participants completed the MAAS. Finally, only
practitioners were asked to provide information about their
mindfulness-based practice and to complete the MEDEQ.
Participants received a gift card or study credit for their
participation. The study was preregistered (https://osf.io/
k8hcv/).

Measures
Metacognitive Odd One Out Task

Participant’s metacognitive monitoring was measured with
a metacognitive version of the Odd One Out task (OOOQ;
adapted from Alloway, 2007; see Bryce et al., 2023, for
the metacognitive version). The OOO is a computer-based
working memory task where participants were shown three
boxes each containing a shape: two shapes are the same and
one is different (odd one; see Fig. 1). Participants were asked
to identify the odd shape by clicking on it and to remember
the location of the box in which the odd shape was pre-
sented. After a sequence of identifying eight odd shapes,
participants were asked to recall the location of the odd
shapes in the order in which they were presented. After each
trial, participants gave a confidence judgment on a 7-point
visual analogue scale (VAS) ranging from very unsure to
very sure to indicate how confident they were about their
memory recall. The task was programmed in PsychoPy 3,
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Table 2 Characterization of
practitioners

M or N (SD or %) Min Max
Mindfulness-based practice
Years of practice 4.92 (1.93) 3 11
Frequency of practice (sittings per week) 5.22 (2.61) 3 15
Duration of practice (minutes) 21.13 (14.17) 3 61

Setting (alone vs. in groups)

Meditation technique®
Body-centered meditation
Mindful observation
Meditation with movement
Visual concentration
Affect-centered meditation
Mantra meditation
Contemplation
Other

Meditation traditions™®

Yoga (various traditions)

Buddhism (various traditions)

Qigong/Tai Chi

Christian traditions

MBSR

Other

Depth of meditative experiences (MEDEQ)

55.74% never in groups

47 (77.01%)
45 (73.77%)
23 (37.70%)
17 (27.87%)
16 (26.23%)
13 (21.31%)
6 (9.84%)

4 (6.56%)

37 (60.70%)

26 (42.56%)

10 (16.56%)

9 (14.75%)

5(8.23%)

9 (14.75%)

3.03 (0.65) 1.21 4.46

Notes. MEDEQ Meditation Depth Questionnaire (5-point Likert scale). Meditation technique and tradition
categorized according to Matko & Sedleaier (2019)

“Multiple choices were possible

®Not all traditions are depicted

Example of one metacognitive Odd One Out trial

(1) Identification of the odd shapes

Screen 1 Screen 2 Screen 3

* x| mi=l= | A

L]
=

(2) Recall of the odd shapes (3) Providing a confidence

judgment

How certain are you about the recalled sequence of
the odd shape?

[ 1T 1 | | | | | ] |
\ ‘ I T T T I I 1

Time

Fig. 1 Illustration of the metacognitive Odd One Out task. Note: In
the Odd One Out task, participants first identified a sequence of eight
odd shapes (in the example above, the identification of three out of
eight odd shapes is illustrated: participants would click in screen 1 on
the box in the middle, in screen 2 on the box on the left, and in screen

version: 2021.2.0 (Peirce et al., 2019). For each screen, the
shapes were randomly selected from a set of 12 geometric
shapes, along with the box (out of three) that contained the
odd shape. After participants clicked on a box, it turned grey
for 500 ms. A red circle appeared on the scale when they
clicked on the VAS to indicate their confidence level. To
confirm their confidence judgment and to progress through
the experiment, participants clicked on a green rectangle on
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3 on the box on the right). Then, in the recall phase, the participants
clicked on the boxes in the order in which the odd shapes were pre-
sented (middle, left, right). Finally, after each trial, participants gave
a confidence judgment about their recall accuracy on a 7-point visual
analogue scale

the lower part of the screen. Thus, participants were able to
determine the speed at which they felt comfortable progress-
ing through the experiment.

To ensure all participants understood the task, practice
trials were included. First, participants were introduced to
the VAS with two questions that varied in their difficulty
level (e.g., “how old are you?” and “how much hair do you
have on your head?”). After participants provided an answer,
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they were asked how certain they were about their answers
by using a 7-point VAS ranging from very unsure =0 to very
sure=06. This approach has been used previously by Roebers
et al. (2012). Second, participants received a written explana-
tion of the task with pictures. Then, participants were asked
to identify and recall the odd shapes in three practice trials
with a sequence length of four, six, and eight. Finally, partici-
pants completed three practice trials with a sequence length
of four, six, and eight and all the components included: (1)
identification of the odd shapes, (2) recall of the odd shapes,
and (3) providing a confidence judgment regarding their
recall accuracy. After the practice trials, participants com-
pleted 25 experimental trials with a sequence length of eight.

Recall accuracy was operationalized as the proportion
of correctly recalled odd shapes ranging between O and 1.
Thus, on each experimental trial, participants’ percentage
of correct recall could be 0%, 12.50%, 25%, 37.50%, 50%,
62.50%, 75%, 87.50%, or 100%. Participants’ confidence
judgments given on the 7-point VAS ranged from O to 6
with a higher value indicating more certainty. In addition,
the time that participants needed to give their confidence
judgment was recorded in milliseconds. Response time has
been proposed to be indicative of how certain a partici-
pant is about their monitoring judgment (Kélin & Roebers,
2020; Roebers et al., 2019). Participants’ recall accuracy
and confidence judgments were used to calculate the rela-
tive monitoring accuracy (Mengelkamp & Bannert, 2010)
for each participant, that is, the Gamma correlation coeffi-
cient, ¥, between their confidence judgments and percentage
of correct recall. A stronger positive correlation indicates
participants are more sensitive to trial-by-trial variations in
their performance. To calculate a measure of absolute moni-
toring accuracy, hereafter named monitoring bias, we first
converted the participants’ confidence judgments to a value
between 0 and 1. Once the confidence judgments were on the
same scale as the recall accuracy scores, for each trial, a bias
score was calculated as the recoded confidence judgment
minus recall accuracy. In this case, a negative number indi-
cates an underestimation, and a positive number indicates an
overestimation of performance (if we accept the assumption
that very unsure should be mapped to 0 locations correctly
recalled and very sure should be mapped to all locations
correctly recalled). Please note, the measures of monitoring
judgment accuracy from binary (correct/incorrect) outcomes
derived from signal detection theory (e.g., Maniscalco &
Lau, 2012) are not appropriate here, because the present
performance measure was the proportion of the sequence
correctly recalled.

Mindfulness

Participant’s self-reported mindfulness was assessed with
the Mindful Attention Awareness Scale (MAAS; Brown &

Ryan, 2003; Michalak et al., 2008).! This scale consists of
15 items that describe possible everyday experiences related
to mindfulness. The items tap cognitive, social, emotional,
interpersonal, and general domains, and all of them describe
a lack of mindful behavior (e.g., “I rush through activities
without being really attentive to them”). Previous analysis
found that all items loaded on one factor. Participants were
asked to indicate on a 6-point Likert scale ranging from
almost always (1) to almost never (6) how frequently they
had the described experiences. Thus, higher values indicate
more mindfulness. The English, original version as well as
the German translation indicated good reliability, a Cron-
bach’s a=0.83, and 0.82 respectively. The reliability for the
current sample was comparable to the original versions and
can be considered good (Cronbach’s a=0.85; McDonald’s
@ =0.85). The dependent variable of the MAAS scale was
the mean value across all 15 items.

Depth of Meditation

Practitioners were asked to complete the Meditation Depth
Questionnaire (MEDEQ); Piron, 2001). This questionnaire
consists of 30 statements that describe possible meditation
experiences. The underlying assumption is that irrespective
of the meditation technique, advanced practitioners report
similar experiences, which can be arranged along a dimen-
sion of meditation depth, ranging from an effortful struggle
with the requirements of the chosen technique to the realiza-
tion of the fundamental ground of all being, where all duali-
ties dissolve (Piron, 2020). The spectrum ranges from (1)
hinderances: internal restlessness, drowsiness, sleepiness,
motivation, or concentration problems; (2) relaxation: well-
being, calm breath, increasing patience, and inner balance;
(3) concentration: successful attention direction, mindful
observation of internal experiences; (4) essential qualities:
transcendence of methods, alertness, body and time experi-
ences; (5) non-duality: calming of cognitive activities, void
of conscientiousness. Practitioners were asked to express
their agreement with the statements on a 5-point Likert-scale
ranging from not at all to very strongly referring to their
mindfulness and meditation practice in the last few weeks as
a reference point. The statements described positive medita-
tion experiences such as “My body was pleasantly relaxed”
or negative experiences (cf. hinderances), for instance “I
experienced boredom.” All positively framed items were
summed to form sum A, and all negatively framed items
were summed to form sum B (Piron, 2025). Because sum
B showed unacceptable internal consistency (Cronbach’s

! While multidimensional mindfulness questionnaires may offer
additional advantages, the MAAS was selected given its brevity and
the constraints of online testing time.
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a=0.46; McDonald’s @ could not be estimated), only sum A
(24 items) was included in the present analyses (Cronbach’s
a=0.91; McDonald’s w=0.91).

Data Analyses

The main aim in this study was to evaluate the presence of
group differences in metacognitive monitoring between the
two participant groups. To this end, one- or two-sided -tests
were conducted to assess the data with regards to hypoth-
esis 1. To assess the hypotheses about associations among
metacognitive monitoring and depth of meditation as well
as self-reported mindfulness (hypothesis 2), as well as asso-
ciations between metacognitive monitoring and experience
and intensity of mindfulness-based practices (hypothesis 3),
correlational analyses were conducted.

Data were analyzed as planned in the pre-registration
document. The data and R script required to run the reported
analyses reported below are available on OSF (https://osf.io/
k8hcv/). Data were analyzed using R (R Core Team, 2021)
and Goodman—Kruskal gamma correlations were calculated
using the R package RoCoCo (Bodenhofer & Klawonn,
2008; Bodenhofer et al., 2013). In addition to the pre-regis-
tered analyses, Bayesian z-tests were conducted (using the
BayesFactor package for R; Morey & Rouder, 2024) and
their results are reported alongside the results of the fre-
quentist #-tests. For these analyses, the standard Cauchy
distribution of effect sizes centred on zero and a width of
r=0.71 were specified. Bayes factors BF;, greater than 3 are
typically considered moderate evidence for the alternative
hypothesis (i.e., the alternative hypothesis is more than three
times as likely as the null hypothesis given the present data),
whereas a BF less than 0.33 can be considered moderate
evidence for the null hypothesis (see Morey et al., 2016;
for more details on the quantification of evidence). In the
presented results, alpha levels are not corrected for multiple
comparisons; instead, readers can evaluate the strength of
the evidence via the Bayes factors provided in group com-
parisons and the 95% confidence intervals provided for cor-
relation coefficients.

Data Exclusion

Because the data were collected online and not under the
direct supervision of the research team, data from the OOO
task were examined for signs of non-compliance or inter-
ruptions. First, participants who were deemed as non-com-
pliant or having not understood the task were identified as
those who correctly identified fewer than 40% of the odd
shapes in the trio. Data from one participant from the non-
practitioner group who had an identification rate close to
chance (31%) were excluded for this reason. Single trials
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in which the participant took longer than 5 s to provide a
confidence judgment were also removed, because we assume
these trials may not reflect accurate monitoring judgments
if participants were distracted. (Note, this decision was not
pre-registered.) This amounted to 3.50% of all trials. After
this, a sufficient number of trials per participant remained
(ranging from 17 to 25, with a median of 25).

Results

Testing Group Differences in Metacognitive
Monitoring and Mindfulness

The first hypothesis stated that meditation practitioners
would demonstrate higher metacognitive monitoring accu-
racy in the OOO task than non-practitioners (see Fig. 2).
This was tested via an independent samples ¢-test (one-
sided) comparing the groups on their monitoring accuracy
(gamma correlation between confidence judgments and
recall accuracy). Both groups showed significant monitoring
accuracy (practitioners y = 0.52, p <0.001; non-practitioners
¥y = 0.53, p<0.001), indicating that they were sensitive to
trial-by-trial changes in their performance. There was, how-
ever, no group difference in their monitoring accuracy. This,
and the results of all other group comparisons, can be found
in Table 3. As can be seen, the only significant group dif-
ference occurred on the MAAS, reflecting that meditation
practitioners reported higher levels of mindfulness in their
everyday lives than non-practitioners.

Associations Among Mindfulness and Metacognitive
Monitoring in Practitioners

Hypotheses 2 and 3 concerned the associations among
metacognitive monitoring and indices of mindfulness and
features of meditation practice within the group of practi-
tioners. To address these hypotheses, correlations were cal-
culated among the monitoring accuracy score on the OOO
task, self-reported mindfulness (MAAS), and depth of medi-
tation (MEDEQ), as well as measures of the experience and
intensity of mediation practices (see Table 4). No indices of
mindfulness nor features of meditation practice were sig-
nificantly correlated with relative monitoring accuracy as
measured in the OOO task. With regard to hypothesis 2,
practitioners’ depth of meditation was not correlated with
their self-reported mindfulness (r=0.22, p=0.087). Inter-
estingly, the intensity of practice (duration and frequency of
sessions) was not associated with self-reported mindfulness,
whereas those who had practiced mediation for more years
also reported achieving a deeper meditative practice.
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Table 3 . Results of group Variable Practitioners Non-practi- 1(122) p d BF,,
comparisons on measures from tioners
the OOO task and the MAAS
M SO M SD
Monitoring accuracy (¥) 0.52 0.20 0.53 020 0.38 0.647 0.07 0.20+0.03%
Recall accuracy 0.68 0.13  0.69 0.12 044 0.664  0.08 0.21+0.03%
Confidence judgment (CJ) 2.74 093 3.00 086 1.64 0.104 0.30 0.64+0.02%
Response time CJ (sec) 1.76 0.37 1.89 044 1.77 0.079 0.32 0.79+0.02%
Monitoring bias -022 012 -019 0.12 1.56 0.121  0.28 0.57+0.02%
MAAS 4.12 0.73 3.73 067 -3.14 0002 -057 1510+0%
Notes. Group comparisons were all two-sided independent samples #-tests aside from the one testing for
differences in monitoring accuracy, which was one-sided
Monitoring accuracy =Gamma correlation coefficient between Recall accuracy and CJ. Monitoring
bias =recoded CJ — Recall accuracy (negative values indicate an underestimation, positive values an over-
estimation)
MAAS mean score on the Mindful Attention Awareness Scale
1.0 7 7 —&— Non-practitioners
- A~ Practitioners
6 6
0.8 = c
g £° : £S
© L=} o
3 3 5
Q 3 3
L06 Q4 Q4
= 2 =
g S 3
o "é 3 "E 3
o =3
- o o

Non-practitioners Practitioners Non-practitioners

Group

Fig.2 Mean recall accuracy, confidence judgment, and monitoring
accuracy for practitioners and non-practitioners. Note: In the right-
most panel, confidence judgment is plotted against recall accuracy.
For illustration, single trials were vincentized based on recall accu-
racy (single trial data entered the data analysis). That is, the first vin-

Discussion

Metacognition scholars have proposed that mindfulness-
based meditation can be viewed as a practice that promotes
the cultural learning of metacognition (Heyes et al., 2020).
Similarly, mindfulness scholars have theorized that meta-
cognition is one of the main cognitive constructs underlying
mindfulness (e.g., Jankowski & Holas, 2014; Shapiro et al.,
2006). Testing specific and nuanced metacognitive processes
that may change as a result of mindfulness-based practice
remains a central task in this field (Vago et al., 2019). In the
present study, we tested whether young mindfulness medi-
tation practitioners show better metacognitive monitoring
accuracy in a visuo-spatial working memory task compared
to a control group consisting of non-practitioners. Contrary

Group

N

Practitioners 0.2 0.4 0.6 0.8 1.0
Recall Accuracy

centile in each panel represents 20% of trials with the lowest recall
accuracy for each participant; the second contains the next 20% of tri-
als with lowest recall accuracy, and so on. Error bars represent +1
within-subject SE

to the hypotheses, no significant group differences were
found in any of the metacognitive measures. Within the
practitioner group, having practiced meditation for longer
was associated with deeper meditative practice, although
deeper meditative practice was not associated with higher
levels of self-reported mindfulness in everyday life (the lat-
ter finding was not consistent with our second hypothesis).
With regard to our third hypothesis, that practitioners who
more intensively practice meditation will more accurately
monitor themselves, no supporting evidence was found.
Present findings indicate that regular mindfulness-based
practice in young adults does not appear to be associated
with either relative (monitoring accuracy) or absolute (moni-
toring bias) improvements in metacognitive monitoring of
working memory performance in a cognitive experimental
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Table 4 Correlations among monitoring accuracy, self-reported mindfulness, depth of meditation, and intensity of meditation practice within the

practitioners group

Variable M SD 1 2 3 4 5
1. Monitoring accuracy (y) 0.52 0.20
2. MAAS 4.12 0.73 0.08
[-0.17,0.33]
3. MEDEQ 3.03 0.66 0.10 0.22
[—0.15,0.35] [—0.03, 0.45]
4. Years of practice 4.92 1.93 0.12 0.19 0.30*
[—0.14, 0.36] [—0.06, 0.42] [0.05, 0.51]
5. Duration of a session (min) 21.13 14.17 -0.17 0.24 0.10 0.30%*
[—0.40, 0.09] [—0.01, 0.46] [—0.16, 0.34] [0.05, 0.51]
6. Frequency (per week) 5.20 2.61 0.03 -0.07 —0.01 0.30* 0.35%*
[—0.23,0.28] [—0.32,0.18] [—0.26, 0.24] [0.05,0.51] [0.11,0.55]

Notes. Values in square brackets indicate the 95% confidence interval for each correlation. The confidence interval is a plausible range of popula-
tion correlations that could have caused the sample correlation (Cumming,2014)

Monitoring accuracy = Gamma correlation coefficient between Recall accuracy and CJ

MAAS mean score on the Mindful Attention Awareness Scale, MEDEQ mean score on the Meditation Depth Questionnaire

#p<0.05; *p<0.01

context. This conclusion is reinforced by the absence of sig-
nificant correlations between features of meditation practice,
indices of mindfulness, and monitoring accuracy within the
practitioner group. Together with previous studies reporting
null results (Bockler & Singer, 2022; Schmidt et al., 2019),
present findings challenge the notion that mindfulness-based
practice is associated with enhanced procedural metacogni-
tion as operationalized in experimental cognitive psychol-
ogy. In contrast, intervention studies reporting improve-
ments in self-reported metacognitive monitoring (Kok &
Singer, 2017) and metacognitive beliefs (Sanger & Dorjee,
2015) suggest that changes in declarative metacognition
may be prompted by mindfulness-based practice. It must
be noted here, however, that accuracy cannot be evaluated
in the aforementioned self-report and belief measures. That
is, these findings indicate that people believe themselves
to behave more metacognitively and to have more insight
into themselves in general, but it remains to be addressed
whether this is objectively accurate. In the current study,
because we collected monitoring judgments in an item- and
task-specific manner, we were able to evaluate the accu-
racy of these judgments and found no difference between
the groups. A recent empirical study collected self-reports
of metacognitive monitoring abilities and directly assessed
monitoring accuracy in the same sample and observed that
these measures of metacognition are in fact negatively asso-
ciated (Double, 2025). It remains a possibility that mindful-
ness training creates the illusion of insight or self-knowl-
edge, rather than selectively training monitoring processes
or refining monitoring judgments.

@ Springer

An alternative explanation for the null findings reported
here relates to the level of consciousness required by the
present metacognition task. Retrospective confidence judg-
ments rely on deliberate, verbally reportable metacognitive
monitoring (Shea & Frith, 2016), whereas mindfulness
may train monitoring processes that are more automatic
or implicit. Constructs such as feelings of knowing, tip-of-
the-tongue phenomena (Schwartz, 1994), or noetic feelings
(Proust, 2012) highlight procedural monitoring that oper-
ates below the level of conscious awareness. Future stud-
ies could examine whether mindfulness affects these less
explicit forms of metacognitive monitoring.

The object of monitoring in the present metacognition task
was working memory performance, or the strength of the
memory trace. It could be that the mindfulness-based prac-
ticed by this sample of practitioners does not train their ability
to monitor their memory trace but rather the ability to monitor
their motor processes or other aspects of attention. Indeed,
the domain-generality of metacognitive monitoring has long
been a focus of investigation, with empirical evidence show-
ing mixed results. For instance, Mazancieux and colleagues
(2020) investigated correlations among task performance
across six tasks and among monitoring accuracy across the
same tasks, finding mostly evidence for domain-generality.
Most relevant to the current study is the finding that, although
task performance on a visual perception task and a semantic
memory task did not correlate, monitoring accuracy across
these tasks did show a significant correlation. Notably,
however, monitoring accuracy on an episodic memory task
and the visual perception task did not correlate. As part of
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a review on the domain-generality of metacognitive moni-
toring, a meta-analysis conducted by Rouault and colleagues
(2018) showed medium-to-strong correlations in monitoring
accuracy across different perception-based tasks, but no sig-
nificant correlations in monitoring accuracy across memory-
and perception-based tasks. Their review of neuropsychologi-
cal and neuroimaging data, however, paints a more nuanced
picture suggesting that both shared and distinct monitoring
processes may coexist and be flexibly recruited depending on
context, judgment type, and individual differences in the ten-
dency to generalize. This perspective was further supported
by a more recent review by Mazancieux et al. (2023), who
concluded that the evidence supports weak domain-generality
in metacognitive monitoring. Taken together, these findings
suggest that a different pattern of results may be obtained if a
metacognition task with a different object of monitoring had
been employed in the current study.

It is also worth considering differences in how meta-
awareness is conceptualized across contemplative tradi-
tions. Various Buddhist accounts suggest that meta-aware-
ness appears to be essential to shifting one’s experiential
perspective onto an experience itself (cf. decentering) and
experiencing thoughts as mental events, and not as the things
that they seem to represent (cf. dereification or metacogni-
tive insight) (Dunne et al., 2019). For some Buddhist styles
of mindfulness meditation, meta-awareness is conceptual-
ized as intermittent (occurring at specific times when one
explicitly attends to the contents or processes of one’s
awareness) and propositional (involving internally verbal-
ized, propositionally structured judgments, e.g., “my mind is
wandering”’; Dunne et al., 2019). In contrast, within nondual
styles of practice such as, for instance, Tibetan Mahamudra,
theoretical accounts and meditation instructions articulate
meta-awareness as non-propositional and non-intermittent
or sustained (cf. mental quiescence). Specifically, in Maha-
mudra meditation, practitioners seek to cultivate a form of
meta-awareness that continuously monitors awareness even
while attention to the anchor (e.g., the breath) is sustained.
These differences may influence the extent to which mind-
fulness-based practices affect metacognitive monitoring as
assessed in experimental paradigms and other domains than
memory. Future studies could benefit from exploring these
distinctions and testing whether practitioners trained in non-
dual meditation exhibit different metacognitive profiles than
those trained in more attentional, focused styles of medita-
tion. In sum, these interpretations of present null results may
refine current claims about mindfulness and metacognition.

Limitations and Future Directions
Several limitations of the present study need to be men-

tioned. First, confidence judgments as employed in the
present study were prompted and therefore do not reflect

naturally occurring monitoring processes (Halamish &
Undorf, 2020). Future research is needed to explore if
spontaneously occurring monitoring processes might be
influenced by mindfulness-based practices. Second, a sam-
ple of young practitioners who have been largely under-
represented in meditation expertise research (e.g., Lutz
et al., 2008) was employed. While practitioners’ depth of
meditation was positively correlated with years of prac-
tice, neither the intensity of practice (i.e., duration and
frequency of sessions), nor years of practice were asso-
ciated with self-reported mindfulness. This pattern of
associations raises questions regarding the robustness of
the practitioners’ mindfulness states. Future research is
needed to establish the comparability of such samples to
participants categorized as advanced or beginner practi-
tioners (Van Dam et al., 2024). Third, the present study
employed a quasi-experimental design by comparing pre-
existing, self-selected groups of mindfulness practitioners
and non-practitioners. This study design allowed achieving
high ecological validity by examining long-term commit-
ment to meditation practice. Unfortunately, despite our best
efforts to recruit comparable groups, there were, however,
significant differences between the groups in age and edu-
cation level. The practitioners were slightly older and more
of them had completed a Bachelor degree, whereas many
of the non-practitioners were still studying their Bachelor
degree. Therefore, groups are not considered to be very
different in intelligence or educational achievement, rather
that the practitioners were on average a couple of years fur-
ther progressed with their education. A further limitation
of quasi-experimental designs is of course that unmeasured
confounding variables, such as pre-existing differences in
cognitive variables, personality traits, or motivation, may
have influenced both the decision to engage in mindful-
ness-based practice and the outcomes measured. Fourth
and lastly, the choice of the present mindfulness measure
(MAAS questionnaire) may have limited the interpreta-
tion of the findings. Future research may employ a more
comprehensive measure (e.g., the Five Facet Mindfulness
Questionnaire, Baer et al., 2006) to examine group differ-
ences in trait mindfulness related to metacognition.
Practices aimed at cultivating metacognition have been
extensively studied in educational psychology (Eberhart
et al., 2025), and are common in Buddhism, where they have
been culturally evolving for more than 2500 years. The ques-
tion of whether improvements in metacognition induced by
mindfulness-based practices can be captured by studying
procedural metacognition (i.e., metacognitive monitoring
operationalized based on confidence judgments in a visuo-
spatial working memory task) was addressed in the present
study by comparing young mindfulness practitioners (aged
18-30 years, with at least 3 years of meditation experi-
ence) to non-practitioners. The present pre-registered study
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advances the field by combining behavioral and self-report
measures, focusing on the underrepresented population of
young mindfulness meditation practitioners, and report-
ing theoretically informative null results that refine current
claims about mindfulness and metacognition.

Results provide no evidence that regular mindfulness-
based practice in young adults is associated with superior
metacognitive monitoring accuracy or bias in a cognitive
experimental context. The absence of group differences
may reflect the mismatch between mindfulness-induced
meta-awareness and the type of conscious, deliberate
monitoring of memory performance assessed in this study.

Both metacognition and mindfulness are broad and mul-
tifaceted constructs (Efklides, 2008; Van Dam et al., 2018)
and their relationship likely depends on how these con-
structs are operationalized and measured (Norman, 2017).
It is therefore not surprising that, despite a growing body
of empirical work (Baird et al., 2014; Bockler & Singer,
2022; Schmidt et al., 2019), the evidence remains mixed.
By adding to the mixed empirical picture, present findings
underscore the need for further research to clarify and sub-
stantiate theoretical claims about the role of metacognition
in mindfulness. Future research should consider broaden-
ing operational definitions of metacognition to include both
explicit and implicit monitoring to fully understand the rela-
tionship between mindfulness and metacognition. Longitu-
dinal designs as well as larger, more diverse samples may
also help clarify whether particular forms or intensities of
mindfulness-based practice influence metacognitive abilities.

Acknowledgements We would like to thank MSc. Bernadette Zum-
stein for her help with data collection and study administration.

Author Contributions R.N. and D.B. conceptualized the study and wrote
the main manuscript text. J.E. wrote the methods section. All authors
were involved in project administration and carried out data collection.
D.B. performed the main analyses. All authors reviewed the manuscript.

Funding Open access funding provided by University of Bern. Finan-
cial support was received from the Deutsche Forschungsgesellschaft
(DFG)—grant to Donna Bryce (BR6057 3—1)—and from intramural
funding from University of Bern, Faculty of Human Sciences (Habil-
itandinnenforderung for Regula Neuenschwander).

Data Availability The pre-registration, the data, and analysis script can
be found here: https://osf.io/k8hcv/.

Declarations

Ethics Statement The study was reviewed by the ethics board of Uni-
versity of Bern, Switzerland (Nr. 2021-08-00002).

Informed Consent On the Pavlovia platform, where the OOO experi-
ment was hosted, participants received information about data protec-
tion regulations. Participants were only able to participate after they
confirmed that they read and understood all the information about the
study.

@ Springer

Competing interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Alloway, T. P. (2007). Automated working memory assessment. Pearson
Assessment.

Baddeley, A. D., & Hitch, G. J. (1974). Working memory. In G. H.
Bower (Ed.), The psychology of learning and motivation (Vol. 8,
pp- 47-89). Academic Press.

Baer, R. A., Smith, G. T., Hopkins, J., Krietemeyer, J., & Toney, L.
(2006). Using self-report assessment methods to explore facets
of mindfulness. Assessment, 13, 27-45. https://doi.org/10.1177/
1073191105283504

Baird, B., Mrazek, M. D., Phillips, D. T., & Schooler, J. W. (2014).
Domain-specific enhancement of metacognitive ability following
meditation training. Journal of Experimental Psychology: Gen-
eral, 143, 1972-1979.

Baird, B., Smallwood, J., Gorgolewski, K. J., & Margulies, D. S.
(2013). Medial and lateral networks in anterior prefrontal cortex
support metacognitive ability for memory and perception. Jour-
nal of Neuroscience, 33, 16657-16665. https://doi.org/10.1523/
JNEUROSCI.0786-13.2013

Bernstein, A., Hadash, Y., Lichtash, Y., Tanay, G., Shepherd, K., &
Fresco, D. M. (2015). Decentering and related constructs: A criti-
cal review and metacognitive processes model. Perspectives on
Psychological Science: A Journal of the Association for Psycho-
logical Science, 10(5), 599-617. https://doi.org/10.1177/17456
91615594577

Bockler, A., & Singer, T. (2022). Longitudinal evidence for differential
plasticity of cognitive functions: Mindfulness-based mental train-
ing enhances working memory, but not perceptual discrimination,
response inhibition, and metacognition. Journal of Experimental
Psychology. General, 151, 1573-1590. https://doi.org/10.1037/
xge0001143

Bodenhofer, U., & Klawonn, F. (2008). Robust rank correlation coef-
ficients on the basis of fuzzy orderings: Initial steps. Mathware
and Soft Computing, 15(1), 5-20.

Bodenhofer, U., Krone, M., & Klawonn, F. (2013). Testing noisy
numerical data for monotonic association. Information Sciences,
245, 21-37. https://doi.org/10.1016/.ins.2012.11.026

Bodhi, B. (2011). What does mindfulness really mean? A canonical
perspective. Contemporary Buddhism, 12, 19-39. https://doi.org/
10.1080/14639947.2011.564813

Bridges, D., Pitiot, A., MacAskill, M. R., & Peirce, J. W. (2020). The
timing mega-study: Comparing a range of experiment generators,
both lab-based and online. PeerJ, 8, Article €9414. https://doi.org/
10.7717/peerj.9414

Brown, K. W., & Ryan, R. M. (2003). The benefits of being present:
Mindfulness and its role in psychological well-being. Journal of


https://osf.io/k8hcv/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1523/JNEUROSCI.0786-13.2013
https://doi.org/10.1523/JNEUROSCI.0786-13.2013
https://doi.org/10.1177/1745691615594577
https://doi.org/10.1177/1745691615594577
https://doi.org/10.1037/xge0001143
https://doi.org/10.1037/xge0001143
https://doi.org/10.1016/j.ins.2012.11.026
https://doi.org/10.1080/14639947.2011.564813
https://doi.org/10.1080/14639947.2011.564813
https://doi.org/10.7717/peerj.9414
https://doi.org/10.7717/peerj.9414

Mindfulness (2026) 17:2890-2905

2903

Personality and Social Psychology, 84(4), 822—848. https://doi.
org/10.1037/0022-3514.84.4.822

Bryce, D., Kattner, F., Birngruber, T., & Wellingerhof, P. (2023). Moni-
toring accuracy suffers when working memory demands increase:
Evidence of a dependent relationship. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 49(12), Article
1909. https://doi.org/10.1037/xIm0001262

Cartwright-Hatton, S., Mather, A., Illingworth, V., Brocki, J., Har-
rington, R., & Wells, A. (2004). Development and preliminary
validation of the meta-cognitions questionnaire—adolescent ver-
sion. Journal of Anxiety Disorders, 18, 411-422.

Chiesa, A., Calati, R., & Serretti, A. (2011). Does mindfulness training
improve cognitive abilities? A systematic review of neuropsycho-
logical findings. Clinical Psychology Review, 31, 449-464. https://
doi.org/10.1016/j.cpr.2010.11.003

Cowan, N. (1999). An embedded-processes model of working mem-
ory. In A. Miyake & P. Shah (Eds.), Models of working memory:
Mechanisms of active maintenance and executive control (pp.
62-101). Cambridge University Press. https://doi.org/10.1017/
CBO09781139174909.006

Cumming, G. (2014). The new statistics: why and how. Psychological
science, 25(1), 7-29. https://doi.org/10.1177/0956797613504966

Dent, A. L., & Koenka, A. C. (2016). The relation between self-reg-
ulated learning and academic achievement across childhood and
adolescence: A meta-analysis. Educational Psychology Review,
28, 425-474.

Double, K. S. (2025). Survey measures of metacognitive monitoring
are often false. Behavior Research Methods, 57(3), Article 97.

Dunne, J. D., Thompson, E., & Schooler, J. (2019). Mindful meta-aware-
ness: Sustained and non-propositional. Current Opinion in Psychol-
ogy, 28, 307-311. https://doi.org/10.1016/j.copsyc.2019.07.003

Eberhart, J., Ingendahl, F., & Bryce, D. (2025). Are metacognition
interventions in young children effective? Evidence from a series
of meta-analyses. Metacognition and Learning, 20, Article 7.
https://doi.org/10.1007/s11409-024-09405-x

Efklides, A. (2008). Metacognition. Defining its facets. European Psy-
chologist, 13,277-287.

Fabio, R. A., & Towey, G. E. (2018). Long-term meditation: The rela-
tionship between cognitive processes, thinking styles and mindful-
ness. Cognitive Processing, 19, 73-85. https://doi.org/10.1007/
$10339-017-0844-3

Farb, N. A., Segal, Z. V., & Anderson, A. K. (2013). Mindfulness
meditation training alters cortical representations of interoceptive
attention. Social Cognitive and Affective Neuroscience, 8, 15-26.
https://doi.org/10.1093/scan/nss066

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*Power
3: A flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behavior Research Methods,
39(2), 175-191.

Flavell, J. H. (1979). Metacognition and cognitive monitoring: A new
area of cognitive—developmental inquiry. American Psychologist,
34(10), 906-911. https://doi.org/10.1037/0003-066X.34.10.906

Fleur, D. S., Bredeweg, B., & van den Bos, W. (2021). Metacogni-
tion: Ideas and insights from neuro- and educational sciences.
npj Science of Learning, 6, Article 13. https://doi.org/10.1038/
$41539-021-00089-5

Fox, K. C., Dixon, M. L., Nijeboer, S., Girn, M., Floman, J. L., Lifshitz,
M., ... & Christoff, K. (2016). Functional neuroanatomy of medi-
tation: A review and meta-analysis of 78 functional neuroimag-
ing investigations. Neuroscience & Biobehavioral Reviews, 65,
208-228. https://doi.org/10.1016/j.neubiorev.2016.03.021

Fox, K. C. R., Nijeboer, S., Dixon, M. L., Floman, J. L., Ellamil, M.,
Rumak, S. P., Sedlmeier, P., & Christoff, K. (2014). Is medita-
tion associated with altered brain structure? A systematic review
and meta-analysis of morphometric neuroimaging in meditation

practitioners. Neuroscience & Biobehavioral Reviews, 43, 48-73.
https://doi.org/10.1016/j.neubiorev.2014.03.016

Fresco, D. M., Moore, M. T., van Dulmen, M. H. M., Segal, Z. V., Ma,
S. H., Teasdale, J., D., & Williams, J. M. G. (2007). Initial psy-
chometric properties of the experiences questionnaire: Validation
of a self-report measure of decentering. Behavior Therapy, 38,
234-246, https://doi.org/10.1016/j.beth.2006.08.003

Fuster, J. M. (2008). The prefrontal cortex (4th ed.). Academic Press.

Gallant, S. N. (2016). Mindfulness meditation practice and executive
functioning: Breaking down the benefit. Consciousness and Cog-
nition, 40, 116-130. https://doi.org/10.1016/j.concog.2016.01.005

Goldberg, S. B., Lam, S. U., Britton, W. B., & Davidson, R. J.
(2021). Prevalence of meditation-related adverse effects in a
population-based sample in the United States. Psychotherapy
Research, 32(3), 291-305. https://doi.org/10.1080/10503307.
2021.1933646

Goldberg, S. B., Riordan, K. M., Sun, S., & Davidson, R. J. (2022).
The empirical status of mindfulness-based interventions: A sys-
tematic review of 44 meta-analyses of randomized controlled
trials. Perspectives on Psychological Science, 17, 108—130.
https://doi.org/10.1177/1745691620968771

Goldberg, S. B., Tucker, R. P., Greene, P. A., Davidson, R. J., Wam-
pold, B. E., Kearney, D. J., & Simpson, D. L. (2018). Mindful-
ness-based interventions for psychiatric disorders: A system-
atic review and meta-analysis. Clinical Psychology Review, 59,
52-60. https://doi.org/10.1016/j.cpr.2017.10.011

Halamish, V., & Undorf, M. (2020). Do learners spontaneously mon-
itor their memory? The gap between educational-developmental
and cognitive-experimental research. Zeitschrift Fiir Psycholo-
gie, 228, Article 304.

Hindel, M., de Bruin, A. B. H., & Dresel, M. (2020). Individual
differences in local and global metacognitive judgments. Meta-
cognition and Learning, 15, 51-75. https://doi.org/10.1007/
$11409-020-09220-0

Heyes, C., Bang, D., Shea, N, Frith, C. D., & Fleming, S. M. (2020).
Knowing ourselves together: The cultural origins of metacogni-
tion. Trends in Cognitive Sciences, 24(5), 349-362. https://doi.
org/10.1016/j.tics.2020.02.007

Jankowski, T., & Holas, P. (2014). Metacognitive model of mindful-
ness. Consciousness and Cognition, 28, 64—80. https://doi.org/
10.1016/j.concog.2014.06.005

Jha, A. P., Denkova, E., Zanesco, A. P., Witkin, J. E., Rooks, J., &
Rogers, S. L. (2019). Does mindfulness training help work-
ing memory ‘work’ better? Current Opinion in Psychology, 28,
273-278. https://doi.org/10.1016/j.copsyc.2019.02.012

Kabat-Zinn, J. (2003). Mindfulness-based interventions in context:
Past, present, and future. Clinical Psychology: Science and Prac-
tice, 10, 144—156. https://doi.org/10.1093/clipsy.bpg016

Kilin, S., & Roebers, C. M. (2020). Time-based measures of monitor-
ing in association with executive functions in kindergarten chil-
dren. Zeitschrift fiir Psychologie, 228, 244-253. https://doi.org/
10.1027/2151-2604/a000422

Kaunhoven, R. J., & Dorjee, D. (2017). How does mindfulness modu-
late self-regulation in pre-adolescent children? An integrative neu-
rocognitive review. Neuroscience and Biobehavioral Reviews, 74,
163-184. https://doi.org/10.1016/j.neubiorev.2017.01.007

Kok, B. E., & Singer, T. (2017). Phenomenological fingerprints of four
meditations: Differential state changes in affect, mind-wandering,
meta-cognition, and interoception before and after daily practice
across 9 months of training. Mindfulness, 8, 218-231. https://doi.
org/10.1007/s12671-016-0594-9

Komori, M. (2016). Effects of working memory capacity on metacog-
nitive monitoring: A study of group differences using a listening
span test. Frontiers in Psychology, 7, Article 285. https://doi.org/
10.3389/fpsyg.2016.00285

@ Springer


https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1037/xlm0001262
https://doi.org/10.1016/j.cpr.2010.11.003
https://doi.org/10.1016/j.cpr.2010.11.003
https://doi.org/10.1017/CBO9781139174909.006
https://doi.org/10.1017/CBO9781139174909.006
https://doi.org/10.1177/0956797613504966
https://doi.org/10.1016/j.copsyc.2019.07.003
https://doi.org/10.1007/s11409-024-09405-x
https://doi.org/10.1007/s10339-017-0844-3
https://doi.org/10.1007/s10339-017-0844-3
https://doi.org/10.1093/scan/nss066
https://doi.org/10.1037/0003-066X.34.10.906
https://doi.org/10.1038/s41539-021-00089-5
https://doi.org/10.1038/s41539-021-00089-5
https://doi.org/10.1016/j.neubiorev.2016.03.021
https://doi.org/10.1016/j.neubiorev.2014.03.016
https://doi.org/10.1016/j.beth.2006.08.003
https://doi.org/10.1016/j.concog.2016.01.005
https://doi.org/10.1080/10503307.2021.1933646
https://doi.org/10.1080/10503307.2021.1933646
https://doi.org/10.1177/1745691620968771
https://doi.org/10.1016/j.cpr.2017.10.011
https://doi.org/10.1007/s11409-020-09220-0
https://doi.org/10.1007/s11409-020-09220-0
https://doi.org/10.1016/j.tics.2020.02.007
https://doi.org/10.1016/j.tics.2020.02.007
https://doi.org/10.1016/j.concog.2014.06.005
https://doi.org/10.1016/j.concog.2014.06.005
https://doi.org/10.1016/j.copsyc.2019.02.012
https://doi.org/10.1093/clipsy.bpg016
https://doi.org/10.1027/2151-2604/a000422
https://doi.org/10.1027/2151-2604/a000422
https://doi.org/10.1016/j.neubiorev.2017.01.007
https://doi.org/10.1007/s12671-016-0594-9
https://doi.org/10.1007/s12671-016-0594-9
https://doi.org/10.3389/fpsyg.2016.00285
https://doi.org/10.3389/fpsyg.2016.00285

2904

Mindfulness (2026) 17:2890-2905

Koriat, A. (1997). Monitoring one’s own knowledge during study:
A cue-utilization approach to judgments of learning. Journal of
Experimental Psychology: General, 126(4), 349-370. https://doi.
org/10.1037/0096-3445.126.4.349

Koriat, A. (2012). The subjective confidence in one’s knowledge and
judgements: Some metatheoretical considerations. In M. J. Beran,
J. L. Brandl, J. Perner, & J. Proust (Eds.), Foundations of meta-
cognition (pp. 213-233). Oxford University Press. https://doi.org/
10.1093/acprof:080/9780199646739.003.0014

Kuan, T. F. (2012). Cognitive operations in Buddhist meditation:
Interface with Western psychology. Contemporary Buddhism, 13,
35-60. https://doi.org/10.1080/14639947.2012.669281

Leiner, D. J. (2019). Sosci survey (Version 3.1.06). https://www.sosci
survey.de. Accessed 10 Nov 2025.

Lutz, A., Brefczynski-Lewis, J., Johnstone, T., & Davidson, R. J.
(2008). Regulation of the neural circuitry of emotion by compas-
sion meditation: Effects of meditative expertise. PLoS ONE, 3(3),
Article e1897. https://doi.org/10.1371/journal.pone.0001897

Lutz, A., Dunne, J. D., & Davidson, R. J. (2007). Meditation and the
neuroscience of consciousness: An introduction. In P. Zelazo, M.
Moscovitch, & E. Thomspon (Eds.), The Cambridge handbook of
consciousness (pp. 499-555). Cambridge University Press.

Maniscalco, B., & Lau, H. (2012). A signal detection theoretic
approach for estimating metacognitive sensitivity from confidence
ratings. Consciousness and Cognition, 21, 422—-430. https://doi.
org/10.1016/j.concog.2011.09.021

Matko, K., Ott, U., & Sedlmeier, P. (2021). What do meditators do
when they meditate? Proposing a novel basis for future medi-
tation research. Mindfulness, 12, 1791-1811. https://doi.org/10.
1007/s12671-021-01641-5

Matko, K., & Sedlmeier, P. (2019). What is meditation? Proposing an
empirically derived classification system. Frontiers in Psychol-
ogy, 10, Article 2276. https://doi.org/10.3389/fpsyg.2019.02276

Mazancieux, A., Fleming, S. M., Souchay, C., & Moulin, C. J. (2020).
Is there a G factor for metacognition? Correlations in retrospective
metacognitive sensitivity across tasks. Journal of Experimental
Psychology: General, 149(9), Article 1788.

Mazancieux, A., Pereira, M., Faivre, N., Mamassian, P., Moulin, C. J.,
& Souchay, C. (2023). Towards a common conceptual space for
metacognition in perception and memory. Nature Reviews Psy-
chology, 2(12), 751-766.

Mengelkamp, C., & Bannert, M. (2010). Accuracy of confidence judg-
ments: Stability and generality in the learning process and predic-
tive validity for learning outcome. Memory & Cognition, 38(4),
441-451. https://doi.org/10.3758/MC.38.4.441

Michalak, J., Heidenreich, T., Strohle, G., & Nachtigall, C. (2008).
Die deutsche Version der mindful attention and awareness scale
(MAAS). Psychometrische Befunde zu einem Achtsamkeitsfrage-
bogen. Zeitschrift Fiir Klinische Psychologie und Psychotherapie,
37,200-208. https://doi.org/10.1026/1616-3443.37.3.200

Morey, R. D., Romeijn, J. W., & Rouder, J. N. (2016). The philoso-
phy of Bayes factors and the quantification of statistical evidence.
Journal of Mathematical Psychology, 72, 6-18. https://doi.org/10.
1016/j.jmp.2015.11.001

Morey, R. D., & Rouder, J. N. (2024). BayesFactor: Computation of
Bayes factors for common designs (Version 0.9.12-4.7) [R pack-
age]. CRAN. https://CRAN.R-project.org/package=BayesFactor

Mrazek, M. D., Smallwood, J., & Schooler, J. W. (2012). Mindfulness
and mind-wandering: Finding convergence through opposing con-
structs. Emotion, 12, 442—448.

Nelson, T. O., & Narens, L. (1994). Why investigate metacognition? In
J. Metcalfe & A. P. Shimamura (Eds.), Metacognition (pp. 1-26).
MIT Press.

Norman, E. (2017). Metacognition and mindfulness: The role of fringe
consciousness. Mindfulness, 8, 95-100. https://doi.org/10.1007/
$12671-016-0494-z

@ Springer

Norman, E., Pfuhl, G., Szle, R. G., Svartdal, F., Lag, T., & Dahl, T. 1.
(2019). Metacognition in psychology. Review of General Psychol-
ogy, 23,403-424. https://doi.org/10.1177/1089268019883821

Ohtani, K., & Hisasaka, T. (2018). Beyond intelligence: A meta-
analytic review of the relationship among metacognition, intel-
ligence, and academic performance. Metacognition Learning, 13,
179-212. https://doi.org/10.1007/s11409-018-9183-8

Peirce, J. W., Gray, J. R., Simpson, S., MacAskill, M. R., Hoch-
stenberger, R., Sogo, H., Kastman, E., & Lindelgv, J. (2019).
PsychoPy2: Experiments in behavior made easy. Behavior
Research Methods, 51, 195-203. https://doi.org/10.3758/
s13428-018-01193-y

Piron, H. (2001). The meditation depth index (MEDI) and the medita-
tion depth questionnaire (MEDEQ). Journal for Meditation and
Meditation Research, 1, 69-92.

Piron, H. (2020). Meditationstiefe. Springer. https://doi.org/10.1007/
978-3-662-58881-9

Piron, H. (2025). Meditation Depth Questionnaire (MEDEQ) and
Meditation Depth Index (MEDI). In O. N. Medvedev, C. U.
Krigeloh, R. J. Siegert, & N. N. Singh (Eds.), Handbook of
Assessment in Mindfulness Research (pp. 1019-1034). Springer.
https://doi.org/10.1007/978-3-031-47219-0_41

Proust, J. (2012). Metacognition and mind-reading: One or two func-
tions? In M. J. Beran, J. Brandl, J. Perner, & J. Proust (Eds.),
Foundations of Metacognition (pp. 234-251). Oxford University
Press.

R Core Team. (2021). R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing. https://
www.R-project.org/. Accessed 10 Nov 2025.

Roebers, C. M., Cimeli, P., Rothlisberger, M., & Neuenschwan-
der, R. (2012). Executive functioning, metacognition, and
self-perceived competence in elementary school children: An
explorative study on their interrelations and their role for school
achievement. Metacognition and Learning, 7(3), 151-173.
https://doi.org/10.1007/s11409-012-9089-9

Roebers, C. M., Mayer, B., Steiner, M., Bayard, N. S., & van Loon, M.
H. (2019). The role of children’s metacognitive experiences for cue
utilization and monitoring accuracy: A longitudinal study. Develop-
mental Psychology, 55(10), Article 2077.

Rouault, M., McWilliams, A., Allen, M. G., & Fleming, S. M.
(2018). Human metacognition across domains: Insights from
individual differences and neuroimaging. Personality Neurosci-
ence, 1, Article el7.

Sanger, K. L., & Dorjee, D. (2015). Mindfulness training for adoles-
cents: A neurodevelopmental perspective on investigating modi-
fications in attention and emotion regulation using event-related
brain potentials. Cognitive, Affective & Behavioral Neurosci-
ence, 15,696-711. https://doi.org/10.3758/513415-015-0354-7

Schmidt, C., Reyes, G., Barrientos, M., Langer, A. 1., & Sackur,
J. (2019). Meditation focused on self-observation of the body
impairs metacognitive efficiency. Consciousness and Cognition,
70, 116-125.

Schuman-Olivier, Z., Trombka, M., Lovas, D. A., Brewer, J. A.,
Vago, D. R., Gawande, R., Dunne, J. P., Lazar, S. W., Loucks,
E. B., & Fulwiler, C. (2020). Mindfulness and behavior change.
Harvard Review of Psychiatry, 28, 371-394. https://doi.org/10.
1097/HRP.0000000000000277

Schwartz, B. L. (1994). Sources of information in metamemory:
Judgments of learning and feelings of knowing. Psychonomic
Bulletin & Review, 1(3), 357-375.

Sezer, 1., Pizzagalli, D. A., & Sacchet, M. D. (2022). Resting-state
fMRI functional connectivity and mindfulness in clinical and
non-clinical contexts: A review and synthesis. Neuroscience &
Biobehavioral Reviews, 135, Article 104583. https://doi.org/10.
1016/j.neubiorev.2022.104583


https://doi.org/10.1037/0096-3445.126.4.349
https://doi.org/10.1037/0096-3445.126.4.349
https://doi.org/10.1093/acprof:oso/9780199646739.003.0014
https://doi.org/10.1093/acprof:oso/9780199646739.003.0014
https://doi.org/10.1080/14639947.2012.669281
https://www.soscisurvey.de
https://www.soscisurvey.de
https://doi.org/10.1371/journal.pone.0001897
https://doi.org/10.1016/j.concog.2011.09.021
https://doi.org/10.1016/j.concog.2011.09.021
https://doi.org/10.1007/s12671-021-01641-5
https://doi.org/10.1007/s12671-021-01641-5
https://doi.org/10.3389/fpsyg.2019.02276
https://doi.org/10.3758/MC.38.4.441
https://doi.org/10.1026/1616-3443.37.3.200
https://doi.org/10.1016/j.jmp.2015.11.001
https://doi.org/10.1016/j.jmp.2015.11.001
https://CRAN.R-project.org/package=BayesFactor
https://doi.org/10.1007/s12671-016-0494-z
https://doi.org/10.1007/s12671-016-0494-z
https://doi.org/10.1177/1089268019883821
https://doi.org/10.1007/s11409-018-9183-8
https://doi.org/10.3758/s13428-018-01193-y
https://doi.org/10.3758/s13428-018-01193-y
https://doi.org/10.1007/978-3-662-58881-9
https://doi.org/10.1007/978-3-662-58881-9
https://doi.org/10.1007/978-3-031-47219-0_41
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1007/s11409-012-9089-9
https://doi.org/10.3758/s13415-015-0354-7
https://doi.org/10.1097/HRP.0000000000000277
https://doi.org/10.1097/HRP.0000000000000277
https://doi.org/10.1016/j.neubiorev.2022.104583
https://doi.org/10.1016/j.neubiorev.2022.104583

Mindfulness (2026) 17:2890-2905

2905

Shapiro, S. L., Carlson, L. E., Astin, J. A., & Freedman, B. (2006).
Mechanisms of mindfulness. Journal of Clinical Psychology, 65,
613-626.

Shea, N., & Frith, C. D. (2016). Dual-process theories and conscious-
ness: The case for ‘type zero’ cognition. Neuroscience of Con-
sciousness, 1, Article niw005. https://doi.org/10.1093/nc/niw005

Smallwood, J., & Schooler, J. W. (2006). The restless mind. Psycho-
logical Bulletin, 132, 946-958.

Touron, D. R., Oransky, N., Meier, M. E., & Hines, J. C. (2010). Meta-
cognitive monitoring and strategic behaviour in working memory
performance. Quarterly Journal of Experimental Psychology,
63(8), 1533-1551. https://doi.org/10.1080/17470210903418937

Vago, D. R., Gupta, R. S., & Lazar, S. W. (2019). Measuring cognitive
outcomes in mindfulness-based intervention research: A reflection
on confounding factors and methodological limitations. Current
Opinion in Psychology, 28, 143-150. https://doi.org/10.1016/j.
copsyc.2018.12.015

Van Dam, N. T., Targett, J., Burger, A., Davies, J. N., & Galante, J.
(2024). Development and validation of the inventory of meditation
experiences (IME). Mindfulness, 15, 1429—1442. https://doi.org/
10.1007/s12671-024-02384-9

Van Dam, N. T., van Vugt, M. K., Vago, D. R., Schmalzl, L., Saron, C.
D., Olendzki, A., Meissner, T., Lazar, S. W., Kerr, C. E., Gorchov,

J., Fox, K. C. R., Field, B. A., Britton, W. B., Brefczynski-Lewis,
J. A., & Meyer, D. E. (2018). Mind the hype: A critical evaluation
and prescriptive agenda for research on mindfulness and medita-
tion. Perspectives on Psychological Science, 13, 36-61. https://
doi.org/10.1177/1745691617709589

Weil, L. G., Fleming, S. M., Dumontheil, I., Kilford, E. J., Weil, R.
S., Rees, G., Dolan, R. J., & Balkemore, S.-J. (2013). Develop-
ment of metacognitive ability in adolescence. Consciousness and
Cognition, 22,264-271.

Whitfield, T., Barnhofer, T., Acabchuk, R., Cohen, A., Lee, M.,
Schlosser, M., Arenaza-Urquijo, E. M., Bottcher, A., Britton, W.,
Coll-Padros, N., Collette, F., Chételat, G., Dautricourt, S., Dem-
nitz-King, H., Dumais, T., Klimecki, O., Meiberth, D., Moulinet,
1., Miiller, T., Parsons, E., ... Marchant, N. L. (2022). The effect
of mindfulness-based programs on cognitive function in adults:
A systematic review and meta-analysis. Neuropsychology Review,
32, 677-702. https://doi.org/10.1007/s11065-021-09519-y

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1093/nc/niw005
https://doi.org/10.1080/17470210903418937
https://doi.org/10.1016/j.copsyc.2018.12.015
https://doi.org/10.1016/j.copsyc.2018.12.015
https://doi.org/10.1007/s12671-024-02384-9
https://doi.org/10.1007/s12671-024-02384-9
https://doi.org/10.1177/1745691617709589
https://doi.org/10.1177/1745691617709589
https://doi.org/10.1007/s11065-021-09519-y

	Mindfulness and metacognitive monitoring accuracy in young meditation practitioners compared to non-practitioners
	Regula Neuenschwander, Donna Bryce, Janina Eberhart
	Nutzungsbedingungen / Terms of use:
	CC BY 4.0  

	Mindfulness and€Metacognitive Monitoring Accuracy in€Young Meditation Practitioners Compared to€Non-Practitioners
	Abstract
	Objectives 
	Method 
	Results 
	Conclusions 
	Preregistration 

	Method
	Participants
	Practitioners’ Characteristics

	Procedure
	Measures
	Metacognitive Odd One Out Task
	Mindfulness
	Depth of€Meditation

	Data Analyses
	Data Exclusion


	Results
	Testing Group Differences in€Metacognitive Monitoring and€Mindfulness
	Associations Among Mindfulness and€Metacognitive Monitoring in€Practitioners

	Discussion
	Limitations and€Future Directions

	Acknowledgements 
	References


