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Abstract
Objectives Mindfulness-based programs (MBPs) vary in length of mindfulness practices included. It might be expected that
longer practice leads to greater benefits in terms of increased mindfulness and decreased psychological distress. However, the
evidence for such dose–response effects is mixed and generally does not support such strong causal conclusions given its
correlational nature. Therefore, the current study sought to clarify which length of mindfulness practice led to greater benefits
using an experimental design.
Methods Participants (N = 71; 71.8% female), who were healthy adults with limited prior mindfulness practice experience, were
randomized to either (i) four longer (20-min) mindfulness practices, (ii) four shorter (5-min) mindfulness practices, or (iii) an
audiobook control group. All sessions were held in-person over a 2-week period, each group listened to the same total length of
material each session, and participants refrained from formal mindfulness practice outside of sessions.
Results Both longer and shorter practice significantly improved trait mindfulness, depression, anxiety, and stress compared with
controls. Unexpectedly, shorter practice had a significantly greater effect on trait mindfulness (d = 2.17; p < .001) and stress (d =
− 1.18; p < .01) than longer practice, with a trend in the same direction for depression and anxiety. Mediation analysis findings
were mixed.
Conclusions Even a relatively small amount of mindfulness practice can be beneficial and shorter practices may initially be more
helpful for novice practitioners inMBPs with minimal teacher contact. Further research is needed to examine such dose–response
effects when teacher involvement is greater and over the longer term.
Trial Registration ClinicalTrials.gov pre-registration identifier: NCT03797599
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In recent years, there has been a rapid growth in mindfulness-
based programs (MBPs) and research around their use and
effectiveness (Goldberg et al. 2018). Formal mindfulness prac-
tice forms a central feature of such programs and they are
arguably predicated on an assumption that practicing mindful-
ness leads to an increase in trait and state mindfulness, which in
turn improves well-being (Crane et al. 2017). Consistent with
this, MBPs have been found to increase mindfulness and to

have beneficial effects on a range of outcomes, including de-
pression, stress, anxiety, and well-being (e.g., Goldberg et al.
2018; Strohmaier 2020). Furthermore, there is evidence that
changes in mindfulness statistically mediate changes in at least
some of these outcomes, though (as with any psychosocial
program) MBPs very likely have other active ingredients also,
e.g., rumination and worry (Gu et al. 2015; Kiken et al. 2015).

While MBPs all emphasize the importance of mindfulness
practice, there is considerable variability in their mode of de-
livery, from self-help apps and books to in-person, teacher-led
groups, and there are substantial differences in the length of
mindfulness practice that MBPs teach and recommend for
homework (Strohmaier 2020). For example, in mindfulness-
based stress reduction (MBSR) and mindfulness-based cogni-
tive therapy (MBCT) participants are asked to practice mind-
fulness almost daily, at home, for up to an hour (Kabat-Zinn
1990; Segal et al. 2013). By way of contrast, an increasing
number of MBPs are delivered online or via apps; these often
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involve shorter practices (e.g., Bostock et al. 2018;
Spijkerman et al. 2016). This raises important questions about
whether there is an optimal length of mindfulness practice and
whether the effectiveness of different practice may depend on
participant group.

It can be inferred from a number of theories that, in general,
longer and a greater overall amount of practice are believed to
be more beneficial (e.g., Beattie et al. 2019; Shapiro et al. 2006;
Teasdale 1999). For instance, according to mode of mind the-
ory, individuals need to engage in continued mindfulness prac-
tice to be able to switch from a “doing” mode of mind to a
“being”mode of mind, in order to improve trait and state mind-
fulness. This subsequently results in disengagement from rumi-
nation and more positive mental health outcomes (Segal et al.
2013;Williams 2008). In a similar vein, Kabat-Zinn (1990) has
argued that it can be helpful to think of mindfulness as a muscle
that needs to be exercised through continuous practice. Thus,
on the basis of theory, it seems reasonable to expect a dose–
response relationship between length and overall amount of
mindfulness practice and beneficial outcomes.

Some evidence for such a relationship has been found. For
example, in a meta-analysis of MBSR and MBCT studies, the
amount of participants’ self-reported formal mindfulness prac-
tice significantly correlated with positive outcomes, albeit with
a small effect size (Parsons et al. 2017). Similarly, Greenberg
et al. (2018) has found a high dose of home practice during an
MBP to be associated with reduced stress in adults, whereas a
low dose was not. Furthermore, lower levels of anxiety and a
significant reduction in experiences of unpleasantness have
been observed in long-term meditators compared with novices
(Desbordes et al. 2015). Additionally, higher frequency of for-
mal mindfulness practice has been found to relate to increased
well-being in participants with varying levels of mindfulness
practice experience (Birtwell et al. 2019). However, in a recent
dose–response meta-regression, which considered a range of
different dose variables across 203 randomized controlled trials
of MBPs for adults, the findings were more mixed (Strohmaier
2020). For example, greater actual use of an MBP, including
mindfulness practices, was found to predict increased mindful-
ness post-program, but no robust dose–response relationships
were found for psychological distress outcomes. Strohmaier
(2020) has detailed a number of possible limitations that may
have contributed to this mixed picture, including (i) memory
and social desirability biases leading to inaccuracies in the
measurement of home practice; (ii) difficulty determining the
extent to which participants were actually practicing mindful-
ness; and (iii) the possibility that dose–response effects may
have been different for different participant groups (e.g., novice
vs. more experienced practitioners). Mixed findings regarding
practice length have also been observed in research with ado-
lescents, with greater amounts of home practice being associ-
ated with positive outcomes in some studies (e.g., Huppert and
Johnson 2010; Kuyken et al. 2013), but not in others (e.g.,

Johnson et al. 2016; Quach et al. 2017). Other research in
schools has shown a more mixed pattern of findings within
the same study (e.g., Volanen et al. 2020).

Especially for novices, longer practices have been de-
scribed as problematic and confusing (Desbordes et al.
2015), with novice practitioners tending to be more suscepti-
ble to mind-wandering during longer practices, in particular
when feeling stressed (cf. Crosswell et al. 2020; Frewen et al.
2016). In addition, qualitative research has suggested that lon-
ger mindfulness practices can be viewed by participants as
particularly challenging and have been cited as the reason to
discontinue practice (Banerjee et al. 2017). These difficulties
for novices to engage in longer practices may also be reflected
in the relatively high levels of attrition from longerMBPs such
as MBSR and MBCT, as well as discontinuing practice after
commencement of a program (Dobkin et al. 2012).

In part to address the challenges of longer mindfulness
programs and practices and to increase the accessibility of
and engagement with MBPs, in recent years there has been
an increase in research with lower-dose MBPs, which has
usually included shorter practices (Spijkerman et al. 2016).
These programs can be delivered face-to-face, but are also
increasingly offered through self-help applications, including
via apps and online websites (Jones et al. 2016). For instance,
in a previous review of online MBPs, which usually included
briefer daily mindfulness practices, it has been discovered that
these programs were associated with beneficial outcomes on
participants’ levels of mindfulness and psychological distress
(Spijkerman et al. 2016). Furthermore, in a recent randomized
controlled trial of 200 university students comparing an active
control with different mindfulness apps (Headspace, Smiling
Mind), where participants were asked to practice mindfulness
for 10 min a day for 10 days, a significant increase in mind-
fulness as well as significant positive effects on depression,
adjustment to university and resilience were found (Flett et al.
2019). Therefore, beneficial effects have been identified for
MBPs containing longer as well as shorter mindfulness prac-
tices, including increased levels of mindfulness and decreas-
ing psychological distress.

However, a limitation of previous research is that amount
of mindfulness practice that participants have engaged in over
the course of an MBP was often either not measured at all or
not measured accurately enough (Vettese et al. 2009). This is
particularly the case for practices completed outside of
teacher-led sessions. For instance, in a previous review, only
a small number of studies had examined the effects of home
practices and this was not assessed in a controlled way (Lloyd
et al. 2018). Furthermore, a recent MBP with novice practi-
tioners examining adherence to mindfulness practice found
that changes in self-report measures of mindfulness, quality
of life, depression, and stress were not significantly associated
with time spent practicing (Ribeiro et al. 2018). Reliable con-
clusions on the actual observed effects of longer versus shorter
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practices can arguably therefore not be drawn from research as
it currently stands. Furthermore, even when robust dose–
response effects have been found, these have been based on
correlational data and so it is not possible to infer causal rela-
tionships between length and beneficial outcomes (Parsons
et al. 2017; Strohmaier 2020). This highlights the need to
examine dose–response effects in MBPs using experimental
designs, so that causal conclusions can be drawn, and in a
manner that tightly controls and monitors the amount of mind-
fulness practice undertaken. Furthermore, it seems important
to conduct this research in-person since, while online and app-
delivered MBPs often include automatic computerized mea-
sures of how often and how long a recording was being played
(e.g., Bostock et al. 2018), even with these methods, it is
difficult to be confident regarding individuals’ actual level of
engagement with the mindfulness practice.

Therefore, the current study aimed to experimentally com-
pare the impact of shorter and longer mindfulness practices
when delivered face-to-face, in order both to partially test the
theory underpinning MBPs and to start to provide more evi-
dence for mindfulness teachers and MBPs with regard to dose
of practice, especially for novice practitioners. Primary hypoth-
eses to test in this study were that (1) engaging in four longer
(20 min) mindfulness practices results in significant positive
changes with regard to trait mindfulness, depression, anxiety,
and stress outcomes compared with a not practicing control
group; (2) engaging in four shorter (5 min) mindfulness prac-
tices results in significant positive changes in the same out-
comes compared with a not practicing control group; and (3)
there is a statistically significant difference between engaging
in longer and shorter mindfulness practices with longer prac-
tices resulting in larger beneficial effect sizes of outcomes. The
direction of the third hypothesis was based on the above-
mentioned theoretical grounds for thinking that longer mind-
fulness practice would lead to higher levels of mindfulness and
greater benefit. Additionally, the following secondary hypoth-
eses were tested: (4) the total amount of time of mindfulness
practice participants engage in predicts the degree of improve-
ment; (5) change in trait and state mindfulness significantly
mediates the relationship between mindfulness practice length
and outcomes; and (6) the average mindfulness practice quality
significantly interacts with mindfulness practice length with the
combination of higher practice quality and practice length sig-
nificantly predicting positive outcomes.

Method

Participants

A priori power analysis using G*Power for finding a small to
medium effect (ES = 0.25) with α = 0.05 and power of 0.95
suggested a required sample size of 66. A small to medium

effect has previously been found in similar studies and reviews
(e.g., Basso et al. 2019; Khoury et al. 2013). Participants were
recruited through convenience and snowball sampling.
Recruitment was conducted through adverts at a university,
for students and staff (academic and non-academic). The study
was advertised as “examining listening exercises, some of
which may include some mindfulness practice.”

A total of 71 individuals aged between 21 and 72 partici-
pated. Participants predominately identified as female
(71.8%), as white British or European (90.1%), and as stu-
dents, academics, or other university staff. Participants were
novice practitioners with limited previous mindfulness prac-
tice experience and no current mindfulness practice. The ma-
jority of participants had never previously engaged in mind-
fulness practice, with a small number (N = 5) indicating that
they had previously taken part in a mindfulness practice but
did not currently practice; however, in all these cases, engage-
ment in mindfulness had taken place between 5 and 10 years
prior to taking part in this research. All participants denied
engaging in formal mindfulness practices outside of sessions
over the course of the study. As compensation, participants
were entered in a prize draw to win online shopping vouchers.
Psychology undergraduates could choose course credits for
participating instead. The study was approved by a university
ethics panel and all participants provided informed consent.

Procedure

This single-blind, four-session randomized controlled experi-
ment had three arms: longer mindfulness practice (20 min) in
group 1, shorter mindfulness practice (5 min) in group 2, and
no mindfulness practice (control) in group 3. To ensure that
there was no length of time effect for the three groups, partic-
ipants also listened to extracts from an audiobook for 5 min
(group 1), 20 min (group 2), and 25 min (group 3); therefore,
the exercises to be completed in each of the three different
groups lasted the same length of 25 min. An active control
group was chosen to enhance group allocation concealment
and reduce performance bias. Participants were included in
the study if they were (i) aged over 18 and (ii) were novice
mindfulness practitioners as defined as having limited mind-
fulness practice experience. Participants were precluded from
participating if they were currently experiencing significant
difficulties with their mental well-being and/or currently en-
gaged in regular personal formal mindfulness practice or were
participating in a mindfulness-based program at the time of
the study.

Mindfulness Practice Recordings

The mindfulness practices were recorded by a qualified mind-
fulness teacher (FJ). The recording was a mindfulness of the
breath meditation practice similar in style to those in MBSR
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and MBCT (Kabat-Zinn 1990; Segal et al. 2013). The record-
ings were edited to create 20-min and 5-min practices, which
included largely the same content. In the longer version, some
instructions on returning attention to the breath were repeated
and, in the shorter version, general instructions at the begin-
ning of the practice relating to posture were shortened.
Transcripts of both recordings are available in the supplemen-
tary materials (SM 1). In previous research by Berghoff et al.
(2017), the exact same recordings for both longer (20-min)
and shorter (10-min) mindfulness practices were used with
the only difference being 10-min of silence being added to
the end of the longer meditation practice. However, this had
been identified as one of the limitations in Berghoff’s study,
since novice practitioner participants’ attention was likely
compromised without being reminded to return to the breath
(Berghoff et al. 2017).

Audiobook Recordings

The 5-, 20-, and 25-min audiobook excerpts were from
Bryson’s (2003) audiobook titled “A Short History of
Nearly Everything.” Excerpts covered non-fictional informa-
tion on the history of the earth. Previous research has found
non-fictional audiobooks and podcasts to be a helpful control
group with participants from the general population (e.g.,
Basso et al. 2019). For ease of listening, the audio recordings
were never more than 4 s shorter or longer than the required
length but did vary by a few seconds so that the last sentences
were finished. Different excerpts were played for each of the
four sessions.

Randomization

Participants were randomized to groups using block random-
ization with block sizes of six by the Microsoft Excel random
number function RAND. Participants were blinded to group
allocation. No participants dropped out from the study post-
randomization. Figure 1 depicts the CONSORT flowchart
(Moher et al. 2001).

Sessions

After participants were randomized to groups, they were
emailed the times and locations of their four sessions, which
were administered in a quiet seminar room over 2 weeks, with
two sessions on consecutive days each week. To avoid find-
ings being confounded by the time of day the sessions were
held, the allocation of the time for each sitting and group
affiliation was randomized for each session. Occasionally, in-
dividual participants had to be rescheduled because they were
unable to attend at short notice. Sittings typically comprised
four or five participants practicing mindfulness or listening to
the audiobook at the same time. The first author (SS)

facilitated the sessions. The session content focused solely on
listening to the audiobook and mindfulness practice and com-
pleting the questionnaires. There was no discussion of partici-
pants’ experiences during meditation practice or audiobook
listening, since the aim of the session was to examine the effect
of practice length only. The facilitator (SS) took qualitative
notes on what they observed during the sessions. At the end
of the first session, participants from groups 1 (longer practice)
and 2 (shorter practice) were given a handout detailing com-
mon experiences when practicing mindfulness. This detailed
frequently asked questions (FAQs) covered potential experi-
ences that can arise during mindfulness practice and was
adapted from Cavanagh et al. (2013). Participants were asked
to read through it in detail at the end of the first session and
participants were reminded of the handout in the following
sessions.

At the beginning of the study, participants were asked not
to engage in any formal mindfulness practices outside of the
sessions, with this being defined as “listening to audio record-
ings or taking time to formally sit or lie down to practice
mindfulness similar to how it is on the recordings.”
Participants were reminded of this at the end of every session.
However, participants were made aware that if as a result of
the mindfulness practices completed in the sessions, they felt
more present in everyday life and were relating to present-
moment experiences with more gentleness and kindness, this
was absolutely fine. Prior to every in-session practice, partic-
ipants were informed that they could stop practicing at any
point if they felt uncomfortable; when asked about discomfort,
none reported feeling uncomfortable. In week three, partici-
pants were asked to complete the final measures online, before
being debriefed. All participants in all three groups were pro-
vided details of different ways they could access mindfulness-
based programs and information on additional reading on
mindfulness if they so wished after the debrief (see Fig. 2
for study flowchart depicting process).

Measures

Participants were asked to complete the following self-report
measures at the time points detailed below and in Fig. 2.
Where available and psychometrically robust, shorter forms
of measures were selected, in light of research suggesting that
participants may be less likely to accurately complete longer
self-report questionnaires (Galesic and Bosnjak 2009).

Depression, Anxiety, and Stress Scale (DASS-21; Henry
and Crawford 2005)

The DASS-21 is divided into three 7-item subscales of depres-
sion, anxiety, and stress with each subscale ranging in scores
from zero to 21 with higher scores indicating greater symp-
tomatology. The scale has shown convergent, discriminant,
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and construct validity and high reliability in a large sample
(N = 1794) of the UK general population (Henry and
Crawford 2005). In the current sample, the total DASS-21
showed good reliability (Cronbach’s α = 0.82). When exam-
ining subscales separately, this also showed good internal
consistency for depression (α = 0.78), anxiety (α = 0.75),
and stress (α = 0.74). Participants were asked to complete
the DASS-21 at baseline, after sessions 2, 3, and 4, respective-
ly, as well as online in week three.

Five Facet Mindfulness Questionnaire (FFMQ-15; Baer et al.
2012)

At the same time points as the DASS-21, participants were
asked to complete the FFMQ-15, which measures trait

mindfulness, the primary outcome. This questionnaire has
shown high levels of convergent validity before and after a
mindfulness practice program as well as high reliability in a
general population sample (Gu et al. 2016). For calculation of
the total scale score, it is recommended to omit the observe
subscale items (Baer et al. 2012; Gu et al. 2016) resulting in
scores of trait mindfulness ranging between 12 and 60. Each
FFMQ-15 subscale ranges between three and 15.With the
current sample, the total FFMQ-15 showed good internal con-
sistency (Cronbach’s α = 0.84). All but one of its subscales
also showed good internal consistency (observe: α = 0.74;
describe:α = 0.78; actingwith awareness:α = 0.65; non-judg-
ing: α = 0.77; non-reactivity: α = 0.8). The FFMQ-15 was
chosen as the measure of trait mindfulness instead of the
trait-Toronto Mindfulness Scale (trait-TMS), since the trait-

Fig. 1 CONSORT flowchart of participant flow through the study (Moher et al. 2001)
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TMS is seen as being more difficult to complete for novice
practitioners and arguably has slightly weaker psychometric
properties than the FFMQ (cf. Ireland et al. 2018).

Practice Quality-Mindfulness (PQ-M; Del Re et al. 2013)

Immediately after each of the four mindfulness practices,
groups 1 (longer practice) and 2 (shorter practice) were asked
to complete the 6-item PQ-M, which is a visual analogue scale

where participants are asked to indicate the quality of their
practice ranging from 0 to 100%. At time of writing, to the
best of the authors’ knowledge, this was the only tool avail-
able to measure practice quality. The PQ-M has shown ade-
quate reliability, and convergent and predictive validity
(Goldberg et al. 2014). In the current sample, the PQ-M
showed moderately acceptable internal consistency
(Cronbach’s α = 0.68). Since this practice quality measure is
designed to be completed immediately after a mindfulness

Fig. 2 Flowchart of study process
(Order of groups counterbalanced
for every session. DASS-21 = 21-
item Depression, Anxiety, and
Stress Scale; FFMQ-15 = 15-item
Five Facet Mindfulness
Questionnaire; PQM = Practice
Quality-Mindfulness; TMS =
Toronto Mindfulness Scale)
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practice (Del Re et al. 2013), participants in groups 1 and 2
always listened to the audiobook prior to completing mindful-
ness practices in every session.

Toronto Mindfulness Scale (TMS; Lau et al. 2006)

All groups completed the TMS, a 13-item questionnaire
assessing state mindfulness with the two subscales curiosity
and decentering. The curiosity subscale ranges from 0 to 24,
the decentering subscale from 0 to 28, and the total TMS score
from 0 to 52, with higher scores indicating greater curiosity,
decentering, and overall state mindfulness, respectively. This
scale has shown good reliability and incremental as well as
criterion validity in participants with and without previous
meditation experience from the general population (Lau
et al. 2006; Medvedev et al. 2017). In the current sample,
the total TMS showed high internal consistency (Cronbach’s
α = 0.94) as did other subscales (curiosity: α = 0.89;
decentering: α = 0.88). The TMS was positioned immediately
after the PQ-M to assess current state of mindfulness as soon
as possible after the mindfulness practice (groups 1 and 2) or
audiobook listening exercise (group 3).

Formal Practice Check

At the start of each session and the follow-up survey in week
three, participants were given a single question asking wheth-
er they had engaged in formal mindfulness practice since the
last session and, if so, to provide details.

Qualitative Feedback

At the end of the final online survey (see Fig. 2), participants
were asked three open-ended questions on (1) the effect par-
ticipating in this study had on them (if any), (2) what partici-
pants felt led to this potential effect, and (3) any additional
feedback about the study.

Data Analyses

To test the three primary hypotheses, three (group) by two
(time point: baseline vs. end of study) mixed analyses of var-
iance (ANOVA) were performed in SPSS version 24 (IBM
Corp. 2016) on the outcomes trait mindfulness, depression,
anxiety, and stress. Significant interactions were decomposed
by running separate one-wayANOVAs for each group and for
the two time points. Following the former, significant main
effects of group were further decomposed by the Tukey,
Bonferroni, and Games–Howell tests, with all three being in-
cluded as each method has differing strengths and limitations.
In every case, all three tests were in agreement as to whether a
finding was significant or not.

For some of the variables, there was some minor deviation
from normality evident in residuals. Therefore, as a check, all
analyses were repeated using robust methods, namely
ANOVAs on trimmed means and associated post hoc tests,
using R version 3.6.2 (The R Foundation for Statistical
Computing 2019) with the package WRS2 (Mair and
Wilcox 2019). Findings from the robust methods did not
meaningfully differ from the standard method, and thus, for
purposes of brevity, only results from the standard methods
are reported in the results and results from robust analyses are
added in the supplementary materials.

To test hypothesis 4, bootstrapped linear regression analy-
ses explored whether mindfulness practice length predicted
trait mindfulness, depression, anxiety, and stress at post-study,
while controlling for baseline levels of respective outcomes.
Mediation analyses were conducted using model 4 of the
PROCESS macro version 3.4 by Hayes (2019) with
bootstrapping set to 5000 and controlling for outcomes at
baseline to test hypothesis 5. To test hypothesis 6, moderation
analyses were completed using model 1 of PROCESS, again
controlling for baseline levels of the respective outcome and
with bootstrapping set to 5000.

Analyses for testing hypotheses 4, 5, and 6 had been
planned on the assumption that the total amount of mind-
fulness practiced would likely vary substantially within
groups, due to participant attrition. However, unexpectedly
all participants completed all four sessions. Therefore,
moderation analyses included practice length as the dichot-
omous variable longer vs. shorter practice, and the regres-
sion and mediation analyses included the three groups as
proxies for different lengths of mindfulness practice with
separate regression and mediation analyses for each pair
(longer vs. shorter practice, longer practice vs. control,
shorter practice vs. control) as dichotomous predictor vari-
ables. For the mediation analyses, this resulted in a large
number of comparisons (n = 36). To control for possible
type I errors, the Bonferroni correction was applied.
Following the correction, significant results needed to have
an alpha equal to or below p = .001 (99.9% confidence in-
terval). Therefore, the more stringent 99.9% C.I. (p ≤ 001)
were entered for mediation analyses. However, Bonferroni
corrections have previously been criticized as being too
strict and for reducing power thus increasing the possibility
of type II errors (Diz et al. 2011; Nakagawa 2004).
Therefore, for mediation analyses, both uncorrected (95%
C.I.; p < .05) and corrected (99.9% C.I.; p ≤ .001) results are
presented, as recommended (Clark-Carter 1997).

Qualitative data were subject to basic content analysis
(Weber 1990). Data were coded by the first author (SS) and
codes were assigned to broad categories. A random third of
answers (33.8%; N = 24) for each participant group were inde-
pendently assigned to codes by the second author (FJ) and
subjected to inter-rater reliability analysis using Cohen’s kappa.
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Results

Demographic Characteristics

Table 1 shows participant demographics by group. At base-
line, there were no significant differences in demographics
between the three groups, suggesting randomization was suc-
cessful. Table 2 shows data for each outcome, both at baseline
and post-study.

Outcome Data

Group by time (baseline vs. end of study) mixed ANOVAs
revealed significant group by time interactions for trait mind-
fulness, depression, anxiety, and stress (see Table 3). As de-
tailed in Table 3, subsequent one-way ANOVAs showed that
these interactions arose since at baseline, the groups did not
significantly differ, while at post-study, they did. Significant
interaction effects between group and time were also observed
for FFMQ-15 subscales. When examining time and group
effects in separate ANOVAs, no significant difference in
group was found at baseline; however, at the end of the study,
there were significant group differences. Specifically, engag-
ing in shorter or longer mindfulness practices resulted in sig-
nificantly greater trait mindfulness and significantly lower de-
pression, anxiety, and stress compared with controls, thus
confirming hypotheses 1 and 2. Furthermore, at the end of
the study, a statistically significant difference between longer
and shorter mindfulness practices was observed for the trait
mindfulness and the stress outcomes. However, this finding
was in reverse to that hypothesized, since shorter as opposed

to longer mindfulness practice resulted in larger effects; hy-
pothesis 3 was therefore not confirmed. For depression and
anxiety, no statistically significant difference was found be-
tween the longer and the shorter practice groups at post-study.
Results of within group ANOVAs, which examined change
over time for each group separately, showed significant
changes in expected directions for the longer practice group
as well as for the shorter practice group and no significant
change for the control group (Table 3).

Tables with more detailed post hoc results as well as results
for each of the FFMQ-15 subscales are available in the sup-
plementary materials (Tables SM 1, SM 2, and SM 3).
Figure 3 illustrates how outcome measures changed across
all five time points, showing trends that are consistent with
the baseline–end of study analysis. Equivalent graphs for the
FFMQ-15 subscales are available in the supplementary mate-
rials (Figure SM 1).

Due to lack of attrition from the study, the planned regres-
sion analyses added little beyond the ANOVAs presented
above (see Table SM 4 in supplementary materials for
regression results). Unsurprisingly, given the unexpected find-
ing of shorter practice showing larger effects on outcomes
than longer practice, the scatterplots showed an inverted U-
shaped effect of practice length on outcomes (e.g., see Fig. 4).
Hypothesis 4 was therefore not confirmed.

Effect of the Mediators Trait Mindfulness and State
Mindfulness

Figures 3 and 5 show the change in trait and state mindfulness
over time. Graphs for curiosity and decentering TMS

Table 1 Demographic information by group and group comparison at baseline

Whole sample Longer practice Shorter practice Control Group comparison

N 71 24 24 23

Age M (SD) 39.38 (14.16) 36.58 (12.54) 41.17 (14.31) 40.43 (15.69) χ2 = 76.72
p = .13

Gender (% female) 71.8% 70.8% 83.3% 60.9% χ2 = 2.95
p = .23

Ethnicity N (%) White: 60 (90.1%)
Black: 3 (4.2%)
Asian: 2 (2.8%)
Other: 2 (2.8%)

White: 19 (87.5%)
Black: 1 (4.2%)
Asian: 1 (4.2%)
Hispanic: 1 (4.2%)

White: 19 (87.5%)
Black: 1 (4.2%)
Asian: 1 (4.2%)
Arab: 1 (4.2%)

White: 22 (95.7%)
Black: 1 (4.3%)

χ2 = 7.27
p = .7

Occupation
N (%)

Student: 32 (45.1%)
Lecturer: 15 (21.13%)
Administrator: 9 (12.67%)
Librarian: 5 (7.04%)
Teacher: 2 (2.82%)
Manager: 2 (2.82%)
Other: 6 (8.45%)

Student: 12 (50%)
Lecturer: 9 (37.5%)
Administrator: 2 (8.3%)
Counselor: 1 (4.2%)

Student: 8 (33.3%)
Lecturer: 3 (12.5%)
Administrator: 6 (25%)
Librarian: 3 (12.5%)
Teacher: 1 (4.2%)
Writer: 1 (4.2%)
Manager: 2 (8.3%)

Student: 12 (52.2%)
Lecturer: 3 (13%)
Administrator: 1 (4.3%)
Librarian: 2 (8.7%)
Teacher: 1 (4.3%)
Research fellow: 1 (4.3%)
Director 1 (4.3%)
IT analyst: 1 (4.3%)
Retired: 1 (4.3%)

χ2 = 5.16
p = .27

N number, M mean, SD standard deviation
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subscales are available in the supplementary materials
(Figure SM 2).

Bootstrapped mediation analyses examined whether trait
and state mindfulness change statistically mediated the re-
lationship between group assignment and end of study de-
pression, anxiety, and stress levels. Separate analyses were
conducted for each combination of mediator and outcome.
In each analysis, baseline levels of the included outcome
were controlled for by entering this as a covariate. Due to
non-linearity of practice length, separate analyses were
conducted for each pairing of groups.

From uncorrected mediation analyses, neither trait nor state
mindfulness change was significant mediator between shorter
vs. longer practice length and depression, anxiety, or stress
outcomes. Trait mindfulness change was a significant media-
tor between the predictors longer practice vs. control and de-
pression (b = .6; SE(boot) = .31; 95% C.I. [0.02, 1.27]) as well
as shorter practice vs. control and depression (b = 6.62;

SE(boot) = 1.72; 95% C.I. [3.22, 9.99]). For the anxiety out-
come, trait mindfulness change (b = 2.58; SE(boot) = 1.39;
95% C.I. [0.61, 6.13]) and state mindfulness change (b =
2.75; SE(boot) = 1.15; 95% C.I. [0.66, 5.14]) as well as
change in curiosity (b = 1.51; SE(boot) = .74; 95% C.I.
[0.22, 3.1]) and decentering (b = 2.81; SE(boot) = 1.21; 95%
C.I. [0.42, 5.19]) significantly mediated the relationship be-
tween length (shorter practice vs. control) and anxiety.
Results of uncorrected meditation analyses for the indirect
effects are shown in the supplementary materials in
Table SM 5.

However, results of corrected mediation analyses (99.9%
C.I.; p ≤ .001) showed that only trait mindfulness change
remained a significant mediator of the relationship between
practice length (shorter practice vs. control) and the depres-
sion outcome at post-study (time 5) when controlling for base-
line depression with trait mindfulness change significantly
predicting small to moderately lower depression at time five

Table 2 Outcome data at baseline(pre) and time 5 (post) for longer practice, shorter practice, and control

Outcome Longer practice Shorter practice Control

Pre M (SD) Post M (SD) Pre M (SD) Post M (SD) Pre M (SD) Post M (SD)

Trait mindfulness (FFMQ-15 total) 35.5 (7.98) 45 (4.55) 34.2 (6.74) 52.67 (2.06) 38 (6.73) 37.48 (6.87)

FFMQ-15 Observe 8.21 (2.32) 10.79 (1.93) 8.13 (2.51) 12.79 (1.53) 8.39 (2.84) 8.3 (2.93)

FFMQ-15 Describe 9.63 (2.96) 11.46 (1.93) 8.63 (2.14) 12.92 (1.14) 9.52 (2.23) 9.57 (2.09)

FFMQ-15 Act aware 8.04 (1.97) 10.71 (1.33) 8.46 (2.48) 13.58 (0.93) 8.57 (1.95) 8.74 (1.98)

FFMQ-15 Non-judge 10.5 (3.4) 12.71 (2.12) 9.71 (2.48) 13.29 (1.4) 11.22 (2.37) 11.61 (4.9)

FFMQ-15 Non-react 7.33 (2.57) 10.29 (1.55) 7.42 (2.04) 12.29 (0.95) 8.7 (2.58) 8.43 (2.5)

DASS-21 Depression 7.67 (5.86) 2 (2.28) 8.25 (6.05) 0.83 (1.17) 4.87 (4.55) 5.04 (4.74)

DASS-21 Anxiety 6 (6.07) 1.75 (1.98) 4.25 (4.61) 0.83 (1.31) 5.57 (6.06) 5.65 (5.96)

DASS-21 Stress 11.67 (5.71) 4.17 (2.43) 11.83 (7.48) 1.75 (1.59) 10.87 (5.15) 10.52 (5.3)

M mean, SD standard deviation, FFMQ-15 Five Facet Mindfulness Questionnaire, DASS-21 Depression Anxiety Stress Scale

Table 3 Results of mixed ANOVA, between-group ANOVA, and within-group ANOVA

Outcome Group × time Between groups Within group (time)

Baseline Post Longer practice Shorter practice Control

Trait
mindfulness

F(2,68) = 44.7*** F(2,68) = 1.69 F(2,68) = 57.13***
a***b***c***

F(1,46) = 25.65*** F(1,46) = 164.5*** F(1,44) = 0.07

Depression F(2,68) = 17.72*** F(2,68) = 2.48 F(2,68) = 11.62*** b**c*** F(1,46) = 19.5*** F(1,46) = 34.75*** F(1,44) = 0.02
Anxiety F(2,68) = 8.67*** F(2,68) = 0.63 F(2,68) = 11.41*** b**c*** F(1,46) = 10.62** F(1,46) = 12.16** F(1,44) = 0.002
Stress F(2,68) = 20.1*** F(2,68) = 0.16 F(2,68) = 40.2*** a*b***c*** F(1,46) = 35.1*** F(1,46) = 41.7*** F(1,44) = 0.05

Trait mindfulness measured with the Five Facet Mindfulness Questionnaire (FFMQ-15); depression, anxiety, and stress measured with the Depression,
Anxiety, and Stress Scale (DASS-21)

***p < .001, **p < .01, *p < .05; a = significant difference between groups 1 (longer practice) and 2 (shorter practice) post hoc; b = significant difference
between groups 1 (longer practice) and 3 (control) post hoc; c = significant difference between groups 2 (shorter practice) and 3 (control) post hoc. Post
hoc tests used: Bonferroni, Tukey, Games–Howell (for more detail, see supplementary materials)
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(post-study). Figure 6 illustrates the mediationmodel diagram.
Corrected mediation models for outcomes with non-
significant indirect effects are available on request from the
corresponding author.

Hypothesis 5 could only partially be confirmed since trait
and state mindfulness change were significant mediators for
only some outcomes in both corrected and uncorrected
models.

Effect of the Moderator Practice Quality

The following results are reported since they were part of the
pre-planned analysis. However, these should be interpreted

with caution given the relatively low internal consistency
mentioned above and other potential limitations of this mea-
sure in the context of this study; details of which are discussed
below.

Moderation analyses revealed that there was no significant
interaction between practice length (longer vs. shorter) and
practice quality when predicting any of the outcomes, as indi-
cated by the length × quality interaction term failing to in-
crease the amount of variance explained in trait mindfulness
(F(1,43) = 0.36, ∆R2 = 0.003, p = .55), depression (F(1,43) =
0.83, ∆R2 = 0.014, p = .37), anxiety (F(1,43) = 0.19,
∆R2 = 0.002, p = .67) , or s t ress (F (1,43) = 0.31,
∆R2 = 0.005, p = .58). Thus, hypothesis 6 was not supported.
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Fig. 3 The change in outcome measure across all time points, from
baseline (time 1) to end of study (time 5), for group 1 (longer practice),
group 2 (shorter practice), and group 3 (control). Top left: trait

mindfulness (FFMQ-15). Top right: depression (DASS-21). Bottom
left: anxiety (DASS-21). Bottom right: stress (DASS-21)
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Graphically, practice quality appears to be increasing more
steadily in the group of shorter mindfulness practitioners com-
pared with the longer practice group (see Fig. 7 for practice
quality change over time).

Qualitative Participant Feedback

Inter-rater reliability analysis of independent content analysis
resulted in a Cohen’s kappa of κ = .93, which represents

Fig. 5 State mindfulness change
over time (sessions 1 to 4) for
group 1 (longer practice), group 2
(shorter practice), and group 3
(control)

Fig. 4 Inverted U-shape of prac-
tice length for trait mindfulness
change
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almost perfect agreement (McHugh 2012). Results of the con-
tent analysis showed 34 comments on positive experiences of
mindfulness practice in the longer practice group compared
with 75 comments on positive experiences of practice in the
shorter practice group. Particularly compelling are comments
from participants in the shorter practice group such as “when
I’m feeling negative or scared I now go to my breathing which
I never did before” and “doing the mindfulness practice in the
study put my mind in a positive mindset the rest of the day.”
The perceived benefits of brief mindfulness practices were
also reflected in 16 comments from participants in the shorter
practice group with comments such as “I always thought that

to do mindfulness, I’d need a long time to dedicate to this
which seemed too challenging to even start. But I’ve learned
that 5 minutes can help!”

Contrarily, there were 18 comments from participants in
the longer practice group who expressed some difficulties
with practice particularly relating to its length, with comments
such as “I think a shorter one would be better for me to learn
mindfulness” and “I sometimes found it quite difficult to stop
my mind from wandering.” Finally, five participants in the
longer practice group declared the study to have had no effect
compared with 13 in the control group. Participants in the
shorter practice group neither expressed difficulties with

Fig. 6 Mediation model for post-
study (time 5) depression with
length (shorter practice vs. con-
trol) as a predictor, trait mindful-
ness change as a mediator, and
baseline depression as a covariate.
Top diagram: total effect when
excluding mediator, bottom dia-
gram: indirect and direct effects
when including mediator
(*p < .05; **p < .01; ***p < .001;
99.9% C.I. = 99.9% confidence
intervals; significant results based
on 99.9% C.I. in bold)

Fig. 7 Mindfulness practice
quality change for group 1 (longer
practice) and group 2 (shorter
practice) over time (sessions 1 to
4)
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practice nor stated that the study had no effect. Detailed results
of the content analysis are available on request from the cor-
responding author.

Facilitator Observations

While not part of the formal pre-planned data collection, the
facilitator of the sessions (SS) observed the following, which
potentially contributed to the understanding of the findings:
(1) after the end of the study, five participants in the shorter
practice group were sufficiently interested in the mindfulness
practice to spontaneously ask for the mindfulness practice
track so they could continue practice, while no participants
in the longer practice group asked for this. (2) In their contem-
poraneous notes of the session which were taken before data
analysis and knowledge of results, the facilitator observed that
participants in the longer practice group tended to fidget, shift
in their seat, and open their eyes more frequently, whereas this
was observed less in the shorter practice group. Limitations of
these informal observations are considered in the discussion
below.

Discussion

The purpose of this study was to examine the effect of two
different tightly controlled lengths of mindfulness practice for
novice practitioners over four face-to-face sessions compared
with an active control. Results showed that engaging in
shorter and longer mindfulness practices both had significant
beneficial effects on trait mindfulness, depression, anxiety,
and stress, relative to an active control, thus confirming hy-
potheses 1 and 2. This corresponds with previous findings that
both longer and shorter mindfulness practices can improve
trait mindfulness as well as psychological distress outcomes
(e.g., Janssen et al. 2018; Mahmood et al. 2016).

Hypothesis 3, that engaging in longer mindfulness prac-
tices would result in a larger effect than engaging in shorter
practices, was not confirmed. In fact, this effect was reversed,
since completing shorter practices had a significantly larger
effect on trait mindfulness and stress than longer practices;
there was a non-significant trend in the same direction for
depression and anxiety. This finding was further elucidated
by results of the content analysis with more comments about
positive experiences being made by participants in the shorter
practice than the longer practice group. Additionally, this re-
sult coincides to an extent with the lack of dose–response
relationships identified in Strohmaier’s (2020) meta-regres-
sion, since both long and short programs appear helpful for
depression, anxiety, and stress. It does not however confirm
the positive dose–response relationship between actual MBP
use and trait mindfulness found in Strohmaier’s meta-regres-
sion, since engaging in shorter rather than longer practices

resulted in greater trait mindfulness change in the current
study. However, actual MBP use did not only include practice
but also other learning elements of mindfulness programs
(Strohmaier 2020), whereas in this study, mindfulness prac-
tice isolated from other such elements was examined.

The findings in this study also do not correspond with a
previous review of MBSR and MBCT by Parsons et al.
(2017), who found a small, positive correlation between lon-
ger self-reported home practice and outcomes. However, in
Parsons et al.’s review, practice time was not controlled tightly
as it is in the present study since self-reported home practices
rather than in-person practices were measured. Additionally, it
is unclear in both above reviews how much prior mindfulness
practice experience participants from included studies had.
When asked for the effects of the current study, novice prac-
titioners in the longer but not the shorter practice group men-
tioned that at times they experienced some difficulties in hold-
ing concentration and avoiding mind-wandering during prac-
tice and a number of participants in the longer practice group
asked whether there was a shorter alternative to mindfulness
practice. This coincides with findings from previous research
suggesting novice practitioners can find longer practices chal-
lenging and can experience mind-wandering during such
practices (Banerjee et al. 2017; Frewen et al. 2016). It may
be that when mindfulness is taught to novices with relatively
little additional teacher input beyond practice guidance (as
was the case in the current study), challenges associated with
longer practices, such as mind-wandering, led them to be less
effective in general than shorter ones (cf. Desbordes et al.
2015; Frewen et al. 2016). However, in contrast, it is possible
that the increased teacher input present in some MBPs (e.g.,
the teacher-led enquiry in MBSR and MBCT), may help par-
ticipants to reframe and remain engaged with such challenges
and thus benefit more from longer practices in suchMBPs (cf.
Segal et al. 2013). This may help explain the difference be-
tween the dose–response effect observed here and those found
by Parsons et al. (2017) and Strohmaier (2020). If this account
is correct, an important implication is that optimal amount of
mindfulness practice may depend upon the amount of teacher-
led enquiry included in an MBP, with self-help MBPs that do
not include this likely benefitting from substantially shorter
practices (cf. Segal et al. 2013). This should be a focus of
future research.

Regardless, a noteworthy finding from the current study is
that practicing mindfulness for just 5 min on four occasions,
over 2 weeks, can significantly improve individuals’ trait
mindfulness, and depression, anxiety, and stress levels. This
is further elucidated by a number of participants particularly
valuing the shorter practices in the current study and
commenting on the impact they felt it had on their daily life.
The value of shorter practices in reducing stress resembles
findings from a previous study with healthy employees where
engaging in brief mindfulness practices significantly reduced
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work-related stress (Bostock et al. 2018). Additionally, this
result aligns with the finding of increased trait mindfulness
after brief, app-delivered mindfulness practices in university
students (Flett et al. 2019). Shorter practices may thus feel
more attainable and sustainable for novice practitioners, espe-
cially when there is minimal ongoing teacher input and prior
practice experience. The positive qualitative feedback re-
sponses from the shorter practice participants further support
this claim. Consistent with this, some people from the shorter
practice group and none from the longer practice group re-
quested the practice recording to continue their practice after
the end of this study and the facilitator observed more
fidgeting and eyes opening in the longer practice group
(though see below for limitations of these data).

For anxiety and depression outcomes, there were no signif-
icant differences at post-study between longer and shorter
practices, although there was a trend towards favoring shorter
practices. One possible explanation for this result may be that
engaging in mindfulness practices regardless of length may be
helpful in reducing rumination and worry, since the quality of
practices completed rather than simply the time spent practic-
ing may be of importance (Ribeiro et al. 2018). Additionally,
this result coincides with previous research comparing 20-min
and 10-min home practices over a 2-week mindfulness pro-
gram where no difference in effectiveness between the longer
and the shorter practice was found for depression and anxiety
(Berghoff et al. 2017).

Mediators Trait and State Mindfulness and Moderator
Practice Quality

When assessing underlying processes of practice length on
outcomes, results from uncorrected mediation analyses
showed significant mediating effects of trait mindfulness
change between both practices vs. control for depression.
Additionally, significant mediating effects of trait and state
mindfulness change between shorter practice vs. control and
anxiety were found. However, in the correctedmediation anal-
ysis, only the model of trait mindfulness change as a mediator
between shorter practice vs. control and depression remained
significant. This coincides with previous research identifying
trait mindfulness as an underlying mechanism of MBPs for
psychological well-being (Gu et al. 2015). For both, uncor-
rected and corrected results, neither trait nor state mindfulness
change significantly mediated the relationship between prac-
tice length when defined as longer vs. shorter practice and all
outcomes.

Turning to moderation, hypothesis 6 was not confirmed
since mindfulness practice quality did not significantly mod-
erate the effect of different practice lengths on outcomes.
Graphically, participants engaging in both practices showed
consistently high quality. This coincides with previous re-
search where practice quality was a significant predictor for

psychological outcomes at post-program and follow-up even
when average practice time was controlled for (Goldberg et al.
2014). One possible explanation of the failure to find a mod-
erating effect of practice quality is that accurate measurement
of this has been identified as being difficult (Parsons et al.
2017; Ribeiro et al. 2018). Additionally, it is possible that
there was insufficient variation in practice quality between
the groups to observe an effect.

Limitations and Future Research

Using the PQ-M to measure practice quality was a possible
limitation of this study. According to Del Re et al. (2013), the
PQ-M is generally used for longer MBPs such as MBCT and
MBSR. Additionally, in Del Re et al.’s study, 42% of partic-
ipants had prior meditation experience and thus may have
been more familiar with mindfulness-related terms used in
the PQ-M. In this study, however, participants purposely were
only included if they had limited prior meditation experience.
Additionally, no discussion with a facilitator took place since
the focus of this study was to examine isolated practice length.
Participants may therefore have been less familiar with the
mindfulness terms employed in the PQ-M. Anecdotally, some
participants mentioned that they perceived the PQ-M as con-
fusing to complete. This was also reflected in the reliability
analysis of the PQ-M showing internal consistency to be be-
low the acceptable threshold in this sample. However, given
that this measure has been used in previous similar studies
and, to the authors’ knowledge, is currently the only relevant
published tool to measure mindfulness practice quality, it was
deemed appropriate to use in this study. With hindsight, argu-
ably the PQ-M was not a good choice of measure of practice
quality for this study and results relating to practice quality
should be treated with substantial caution. Future research
may benefit from employing a questionnaire designed to mea-
sure practice quality specifically in novice practitioners, once
that exists. From qualitative facilitator observations, there was
some evidence of difference in practice quality or difficulty in
staying with experience between groups. However, these were
not formally measured, and it would be important for future
research to more formally record these and include indepen-
dent ratings of these by individuals not aware of the practice
conditions, in order to reduce potential sources of bias in these
data.

Additionally, previous research has found that items on the
TMS measure can be more difficult to complete for individ-
uals with little knowledge of mindfulness (Ireland et al. 2018),
which could have impacted results. However, the TMS is
presently the most widely used and validated measure of state
mindfulness and research, including results of this study, have
still found significant increases in state mindfulness in indi-
viduals with little experience of mindfulness (Lau et al. 2006;
Medvedev et al. 2017).
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Another limitation of the study was the possibility of com-
mon method bias having occurred due to multiple constructs
being measured through multiple-item self-report measures
(Podsakoff et al. 2003). This seems unlikely to have influ-
enced the differences observed between the three groups, as
there was no obvious reason for this bias to have systemati-
cally varied between groups. However, it could have contrib-
uted to the analyses based on correlations between the vari-
ables measured by the self-report scales, most notably the
mediation analyses. Some efforts were made to minimize this,
such as assuring anonymization and advising participants that
there were no right or wrong answers and to respond as hon-
estly as possible (Podsakoff et al. 2003). However, it still may
have contributed to the mediation findings.

Moreover, it would be valuable to complete a further ex-
perimental examination of mindfulness practice length with
experienced, long-termmindfulness practitioners to determine
the possible effects of different practice lengths for this group
and whether altering practice length would have effects on
trait mindfulness and psychological distress outcomes. The
effects of practice quality and state and trait mindfulness
would again be valuable to explore in a more experienced
sample. Additionally, the study sample was limited in only
including a non-clinical sample and findings are thus not gen-
eralizable across other populations. In the future, this research
could be duplicated with clinical populations with various
mental or physical health difficulties to further the understand-
ing on effects of different practice lengths for these
populations.

Furthermore, only two different lengths of practice over a
reasonably short time were explored in this study; conclusions
about other practice lengths and session numbers can therefore
not be drawn. This was completed to be able to compare a
shorter to a longer practice in a controlled way. Additionally,
only formal mindfulness practices were examined here with-
out exploring the effects of length in informal practices, which
arguably would be important to consider (Ribeiro et al. 2018).
In future research, this study could be repeated to explore
effects of different practice and program lengths for formal
and informal practices. As discussed earlier, future research
could also examine the hypothesis that dose–response effects
may be moderated by the amount of teacher-led enquiry in-
cluded in the MBP, with shorter practices being more benefi-
cial than longer ones when there is minimal enquiry and the
reverse when there is more substantial teacher involvement.

Furthermore, non-significant mediation and moderation re-
sults were found for practice length (when defined as longer
vs. shorter practice) with practice quality and trait and state
mindfulness change as moderator and mediators, respectively.
This lack of significant mediation and moderation effects
could have been due to type II errors, especially given the high
threshold required to attain significance when the control for
multiple comparisons was applied to the mediation

(Nakagawa 2004). However, it is worth noting that mediation
and moderation were not the primary analyses in this study.

Finally, it was not possible to state with complete certainty
that participants in this study actively engaged in practice
rather than simply listening to recordings or letting their minds
wander. However, the aim of this study was to isolate and
control mindfulness practice length in-person as much as pos-
sible to ascertain effects of different practice lengths on out-
comes and the changes in trait and state mindfulness would
suggest that participants were engaging.

Acknowledgments The authors would like to express their gratitude to
the participants who took part in this study.

Data Availability Statement Materials used in the study are either ref-
erenced in the reference list or, where they were new to the study (i.e.,
transcripts of mindfulness practice recordings), are provided in the sup-
plementary materials. Participant permission was not sought to make raw
data available, though it is planned to do so for future studies.

Author Contributions All authors contributed to the study conception
and design. Material preparation and data collection and analysis were
performed by SS. The first draft of the manuscript was written by SS and
all authors commented on versions of the manuscript. All authors read
and approved the final manuscript.

Compliance with Ethical Standards

This research was reviewed and approved by a Canterbury Christ Church
University Research Ethics committee. All participants provided in-
formed consent.

Conflict of Interest The authors declare that they have no conflict of
interest.

References

Baer, R. A., Carmody, J., & Hunsinger, M. (2012). Weekly change in
mindfulness and perceived stress in a mindfulness-based stress re-
duction program. Journal of Clinical Psychology, 68(7), 755–765.
https://doi.org/10.1002/jclp.21865.

Banerjee, M., Cavanagh, K., & Strauss, C. (2017). A qualitative study
with healthcare staff exploring the facilitators and barriers to engag-
ing in a self-help mindfulness-based intervention. Mindfulness, 8,
1653–1664. https://doi.org/10.1007/s12671-017-0740-z.

Basso, J. C., McHale, A., Ende, V., Oberlin, D. J., & Suzuki, W. A.
(2019). Brief, daily meditation enhances attention, memory, mood,
and emotional regulation in non-experienced meditators.
Behavioural Brain Research, 356, 208–220. https://doi.org/10.
1016/j.bbr.2018.08.023.

Beattie, M., Hankonen, N., Salo, G., Knittle, K., & Volanen, S.-M.
(2019). Applying behavioral theory to increase mindfulness practice
among adolescents: an exploratory intervention study using a within
trial RCT design. Mindfulness, 10, 312–324. https://doi.org/10.
1007/s12671-018-0976-2.

Berghoff, C. R., Wheeless, L. E., Ritzert, T. R., Wooley, C. M., &
Forsyth, J. P. (2017). Mindfulness meditation adherence in a college
sample: comparison of a 10-min versus 20-min 2-week daily prac-
tice. Mindfulness, 8, 1513–1521. https://doi.org/10.1007/s12671-
017-0717-y.

��� +GLBDSJLCQQϦϦ������Ϧ������«���



Birtwell, K., Williams, K., van Marwijk, H., Armitage, C. J., & Sheffield,
D. (2019). An exploration of formal and informal mindfulness prac-
tice and associations with wellbeing. Mindfulness, 10(1), 89–99.
https://doi.org/10.1007/s12671-018-0951-y.

Bostock, S., Crosswell, A. D., Prather, A. A., & Steptoe, A. (2018).
Mindfulness on-the-go: effects of a mindfulness meditation app on
work stress and well-being. Journal of Occupational Health
Psychology, 24(1), 127–138. https://doi.org/10.1037/ocp0000118.

Bryson, B. (2003). A short history of nearly everything. Corgi Audio
Books.

Cavanagh, K., Strauss, C., Cicconi, F., Griffiths, N., Wyper, A., & Jones,
F. (2013). A randomized controlled trial of a brief online
mindfulness-based intervention. Behavior Research and Therapy,
51, 573–578. https://doi.org/10.1016/j.brat.2013.06.003.

Clark-Carter, D. (1997).Doing quantitative psychological research: from
design to report. Oxford: Taylor & Francis.

Crane, R. S., Brewer, J., Feldman, C., Kabat-Zinn, J., Santorelli, S.,
Williams, J. M. G., & Kuyken, W. (2017). What defines
mindfulness-based programs? The warp and the weft.
Psychological Medicine, 47(6), 990–999. https://doi.org/10.1017/
S0033291716003317.

Crosswell, A. D., Coccia, M., & Epel, E. S. (2020). Mind wandering and
stress: when you don’t like the present moment. Emotion, 20(3),
403–412. https://doi.org/10.1037/emo0000548.

Del Re, A. C., Fluckinger, C., Goldberg, S. B., & Hoyt, W. T. (2013).
Monitoring mindfulness practice quality: an important consideration
in mindfulness practice. Psychotherapy Research, 23(1), 54–66.
https://doi.org/10.1080/10503307.2012.729275.

Desbordes, G., Gard, T., Hoge, E. A., Hölzel, B. K., Kerr, C., Laar, S.W.,
Olendzki, A., & Vago, D. R. (2015). Moving beyond mindfulness:
defining equanimity as an outcome measure in meditation and con-
templative research. Mindfulness, 6, 356–372. https://doi.org/10.
1007/s12671-013-0269-8.

Diz, A. P., Carvajal-Rodriguez, A., & Skibinski, D. O. F. (2011).
Multiple hypothesis testing in proteomics: a strategy for experimen-
tal work.Molecular & Cellular Proteomics, 10(3), 1–10. https://doi.
org/10.1074/mcp.M110.004374.

Dobkin, P. L., Irving, J. A., & Amar, S. (2012). For whom may partici-
pation in a mindfulness-based stress reduction program be contrain-
dicated? Mindfulness, 3(1), 44–50. https://doi.org/10.1007/s12671-
011-0079-9.

Flett, J. A. M., Hayne, H., Riordan, B. C., Thompson, L. M., & Conner,
T. S. (2019). Mobile mindfulness meditation: a randomized con-
trolled trial of the effect of two popular apps on mental health.
Mindfulness, 10(5), 863–876. https://doi.org/10.1007/s12671-018-
1050-9.

Frewen, P., Hargraves, H., DePierro, J., D’Anrea, Q., & Flodrowski, L.
(2016). Meditation Breath Attention Scores (MBAS): development
and investigation of an internet-based assessment of focused atten-
tion during meditation practice. Psychological Assessment, 28(7),
830–840. https://doi.org/10.1037/pas0000283.

Galesic, M., & Bosnjak, M. (2009). Effects of questionnaire length on
participation and indicators of response quality in a web survey.
Public Opinion Quarterly, 73(2), 349–360. https://doi.org/10.
1093/poq/nfp031.

Goldberg, S. B., Del Re, A. C., Hoyt, W. T., & Davis, J. M. (2014). The
secret ingredient in mindfulness interventions? A case for practice
quality over quantity. Journal of Counseling Psychology, 61(3),
491–497. https://doi.org/10.1037/cou0000032.

Goldberg, S. B., Tucker, R. P., Greene, P. A., Davidson, R. J., Wampold,
B. E., Kearney, D. J., & Simpson, T. L. (2018). Mindfulness-based
interventions for psychiatric disorders: a systematic review and me-
ta-analysis. Clinical Psychology Review, 59, 52–60. https://doi.org/
10.1016/j.cpr.2017.10.011.

Greenberg, J., Braun, T. D., Schneider, M. L., Finkelstein-Fox, L.,
Conboy, L. A., Schifano, E. D., Park, C., & Lazar, S. W. (2018).

Is less more? A randomized comparison of home practice time in a
mind-body program.Behaviour Research and Therapy, 111, 52–56.
https://doi.org/10.1016/j.brat.2018.10.003.

Gu, J., Strauss, C., Bond, R., & Cavanagh, K. (2015). How do
mindfulness-based cognitive therapy and mindfulness-based stress
reduction improve mental health and wellbeing? A systematic re-
view and meta-analysis of mediation studies. Clinical Psychology
Review, 37, 1–12. https://doi.org/10.1016/j.cpr.2015.01.006.

Gu, J., Strauss, C., Crane, C., Barnhofer, T., Karl, A., Cavanagh, K., &
Kuyken, W. (2016). Examining the factor structure of the 39-item
and 15-item versions of the Five Facet Mindfulness Questionnaire
before and after mindfulness-based cognitive therapy for people
with recurrent depression. Psychological Assessment, 28(7), 791.
https://doi.org/10.1037/pas0000263.

Hayes, A.F. (2019). PROCESS macro (Version 3.4) [Computer soft-
ware]. http://processmacro.org. Accessed 18 Mar 2020.

Henry, J. D., & Crawford, J. R. (2005). The short-form version of the
Depression Anxiety Stress Scales (DASS-21): construct validity and
normative data in a large non-clinical sample. British Journal of
Clinical Psychology, 44, 227–239. https://doi.org/10.1348/
014466505X29657.

Huppert, F. A., & Johnson, D. M. (2010). A controlled trial of mindful-
ness training in schools: the importance of practice for an impact on
well-being. The Journal of Positive Psychology, 5(4), 264–274.
https://doi.org/10.1080/17439761003794148.

IBM Corp. (2016). IBM SPSS statistics for Windows (version 24.0)
[Computer software] Armonk. https://www-01.ibm.com/support/
docview.wss?uid=swg21476197. Accessed 9 Dec 2020.

Ireland,M. J., Day, J. J., & Clough, B. A. (2018). Exploring scale validity
and measurement invariance of the Toronto Mindfulness Scale
across levels of meditation experience and proficiency. Journal of
Clinical Psychology, 75(3), 445–461. https://doi.org/10.1002/jclp.
22709.

Janssen, M., Heerkens, Y., Kuijer, W., van der Heijden, B., & Engels, J.
(2018). Effects of mindfulness-based stress reduction on employees’
mental health: a systematic review. PLoS One, 13(1), e0191332.
https://doi.org/10.1371/journal.pone.0191332.

Johnson, C., Burke, C., Brinkman, S., & Wade, T. (2016). Effectiveness
of a school-based mindfulness program for transdiagnostic preven-
tion in young adolescents. Behavior Research and Therapy, 81, 1–
11. https://doi.org/10.1016/j.brat.2016.03.002.

Jones, F. W., Strauss, C., & Cavanagh, K. (2016). Self-help mindfulness-
based cognitive therapy. In S. Eisendrath (Ed.), Mindfulness-based
cognitive therapy: innovative approaches (pp. 113–121). Springer.

Kabat-Zinn, J. (1990). Full catastrophe living. Dell Publishing.
Khoury, B., Lecomte, T., Fortin, G., Masse, M., Therien, P., Bouchard,

V., Chapleau, M. A., Paquin, K., & Hofman, S. G. (2013).
Mindfulness-based therapy: a comprehensive meta-analysis.
Clinical Psychology Review, 33, 763–771. https://doi.org/10.1016/
j.cpr.2013.05.005.

Kiken, L. G., Garland, E. L., Bluth, K., Palsson, O. S., & Gaylords, S. A.
(2015). From state to trait: trajectories of state mindfulness in med-
itation during intervention predict changes in trait mindfulness.
Personality and Individual Differences, 81, 41–46. https://doi.org/
10.1016/j.paid.2014.12.044.

Kuyken, W., Weare, K., Ukoumunne, O. C., Vicary, R., Motton, N.,
Burnett, R., Cullen, C., Hennelly, S., & Huppert, F. (2013).
Effectiveness of the mindfulness in schools program: non-
randomised controlled feasibility study. The British Journal of
Psychiatry, 203(2), 126–131. https://doi.org/10.1192/bjp.bp.113.
126649.

Lau, M. A., Bishop, S. R., Segal, Z. V., Buis, T., Anderson, N. D.,
Carlson, L., Shapiro, S., & Carmody, J. (2006). The Toronto
Mindfulness Scale: development and validation. Journal of
Clinical Psychology, 62(12), 1445–1467. https://doi.org/10.1002/
jclp.20326.

���+GLBDSJLCQQϦϦ������Ϧ������«���



Lloyd, A.,White, R., Eames, C., & Crane, R. (2018). The utility of home-
practice in mindfulness-based group interventions: a systematic re-
view. Mindfulness, 9, 673–692. https://doi.org/10.1007/s12671-
017-0813-z.

Mahmood, L., Hopthrow, T., & de Moura, R. G. (2016). A moment of
mindfulness: computer-mediated mindfulness practice increases
state mindfulness. PLoS One, 11(4), e0153923. https://doi.org/10.
1371/journal.pone.0153923.

Mair, P., & Wilcox, R. (2019). Robust statistical methods in R using the
WRS2 package. Behavior Research Methods, 52, 464–488. https://
doi.org/10.3758/s13428-019-01246-w.

McHugh, M. L. (2012). Interrater reliability: the kappa statistic.
Biochemica Medica, 22(3), 276–282.

Medvedev, O. N., Krägeloh, C. U., Narayanan, A., & Siegert, R. J.
(2017). Measuring mindfulness: applying generalizability theory to
distinguish between state and trait. Mindfulness, 8(4), 1036–1046.
https://doi.org/10.1007/s12671-017-0679-0.

Moher, D., Schulz, K. F., & Altman, D. G. (2001). The CONSORT
statement: revised recommendations for improving the quality of
reports of parallel-group randomized trials. Annals of Internal
Medicine, 134, 657–662. https://doi.org/10.1186/1471-2288-1-2.

Nakagawa, S. (2004). A farewell to Bonferroni: the problems of low
statistical power and publication bias. Behavioural Ecology, 15(6),
1044–1045. https://doi.org/10.1093/beheco/arh107.

Parsons, C. E., Crane, C., Parsons, L. J., Fjorback, L. O., & Kuyken, W.
(2017). Home practice in mindfulness-based cognitive therapy and
mindfulness-based stress reduction: a systematic review and meta-
analysis of participants’ mindfulness practice and its association
with outcomes. Behaviour Research and Therapy, 95, 29–41.
https://doi.org/10.1016/j.brat.2017.05.004.

Podsakoff, P. M., MacKenzie, S. B., Lee, J. Y., & Podsakoff, N. P.
(2003). Common method biases in behavioral research: a critical
review of the literature and recommended remedies. Journal of
Applied Psychology, 88(5), 879–903. https://doi.org/10.1037/
0021-9010.88.5.879.

Quach, D., Gibler, R. C., & Mano, K. E. J. (2017). Does home practice
compliance make a difference in the effectiveness of mindfulness
interventions for adolescents? Mindfulness, 8(2), 495–504. https://
doi.org/10.1007/s12671-016-0624-7.

Ribeiro, L., Atchley, R. M., & Oken, B. S. (2018). Adherence to practice
of mindfulness in novice meditators: practices chosen, amount of
time practiced, and long-term effects following a mindfulness-based
intervention. Mindfulness, 9(2), 401–411. https://doi.org/10.1007/
s12671-017-0781-3.

Segal, Z. V., Williams, M. G., & Teasdale, J. D. (2013). Mindfulness-
based cognitive therapy for depression: a new approach to
preventing relapse (2nd ed). The Guildford Press.

Shapiro, S. L., Carlson, L. E., Astin, J. A., & Freedman, B. (2006).
Mechanisms of mindfulness. Journal of Clinical Psychology,
62(3), 373–386. https://doi.org/10.1002/jclp.20237.

Spijkerman, M. P. J., Pots, W. T. M., & Bohlmeijer, E. T. (2016).
Effectiveness of online mindfulness-based interventions in improv-
ing mental health: a review and meta-analysis of randomized con-
trolled trials. Clinical Psychology Review, 45, 102–114. https://doi.
org/10.1016/j.cpr.2016.03.009.

Strohmaier, S. (2020). The relationship between doses of mindfulness-
based programs and depression, anxiety, stress, and mindfulness: a
dose-response meta-regression of randomized controlled trials.
Mindfulness, 11(6), 1315–1335. https://doi.org/10.1007/s12671-
020-01319-4.

Teasdale, J. D. (1999). Metacognition, mindfulness and the modification
of mood disorders.Clinical Psychology and Psychotherapy, 6, 146–
155. https://doi.org/10.1002/(SICI)1099-0879(199905)6:2<146::
AID-CPP195>3.0.CO;2-E.

The R Foundation for Statistical Computing (2019). [Computer pro-
gram]. https://www.r-project.org/foundation/. Accessed 11 Dec
2019.

Vettese, L. C., Toneatto, T., Stea, J. N., Nguyen, L., &Wang, J. J. (2009).
Do mindfulness meditation participants do their homework? And
does it make a difference? A review of the empirical evidence.
Journal of Cognitive Psychotherapy: An International Quarterly,
23(3), 198–225. https://doi.org/10.1891/0889-8391.23.3.198.

Volanen, S.-M., Lassander, M., Hankonen, N., Santalahti, P., Hintsanen,
M., Simonsen, N., Raevuori, A., Mullola, S., Vahlberg, T., But, A.,
& Suominen, S. (2020). Healthy learning mind - effectiveness of a
mindfulness program on mental health compared to a relaxation
program and teaching as usual in schools: a cluster-randomised con-
trolled trial. Journal of Affective Disorders, 260, 660–669. https://
doi.org/10.1016/j.jad.2019.08.087.

Weber, R. P. (1990). Basic content analysis. (2nd ed.) Newbury Park.
Williams, J. M. G. (2008). Mindfulness, depression and modes of mind.

Cognitive Therapy and Research, 32, 721. https://doi.org/10.1007/
s10608-008-9204-z.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

��� +GLBDSJLCQQϦϦ������Ϧ������«���


