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Abstract

Mindfulness is a meditative practice that has received increasing attention within positive psychology as an effective tool to
increase wellbeing and decrease anxiety. Previous research has demonstrated that rock-climbers have a higher endorsement of
mindfulness and life satisfaction than the general population; yet to date, no research has empirically explored the relationship
between mindfulness and rock-climbing. In the current study fifty-nine participants (X = 20.63, SD =1.60) were asked to
complete measures of mindfulness, wellbeing and anxiety before and after participating in an ‘intervention’. The intervention
consisted of a mindfulness activity followed by either indoor bouldering (a form of rock-climbing) versus a physical activity
control. A mixed ANOVA revealed that participation in bouldering increased the measure of mindfulness significantly more than
the control activity; however, no significant group differences were found for the measures of wellbeing and anxiety. A
regression analysis then revealed that group condition accounted for 33% of the variance in post-intervention mindfulness levels
when controlling for baseline levels of mindfulness. This is the first study to experimentally demonstrate that engagement with
rock-climbing increases mindfulness in young adults. Theoretically, the results have implications for our understanding of “flow”
and optimal human experience. Practically, the study highlights the potential to implement rock-climbing as a resilience-building
activity and integrate the sport within therapeutic frameworks.
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Background

Mindfulness: A Review in the Context of Wellbeing &
Anxiety

Over the past decade, there has been increasing attention
directed towards positive psychology and understanding
methods of nurturing positive mental health (Rybak,
2013). Since the 1970s, a prominent research topic within
positive psychology has been the meditative practice mind-
fulness (Williams & Kabat-Zinn, 2013). The majority of
psychological and neuroscientific studies define mindful-
ness as “paying attention in a particular way: on purpose,
in the present moment and non-judgementally” (Kabat-
Zinn, 1994). This definition was put forward by John
Kabat-Zinn, who has been a pivotal figure in translating
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Buddhist mental training techniques into the context of psy-
chological interventions (Malinowski, 2013). Kabat-Zinn’s
definition eloquently encompasses the three principal com-
ponents of mindfulness: intention, attention and attitude
(Shapiro et al., 2006). Intention, defined as the aims and
motivations which underlie a practice, is argued to signifi-
cantly impact on the benefits drawn from mindfulness
(Shapiro & Schwartz, 2000); while attention and attitude
embody the actual practice. Attention refers to being fully
aware of one’s internal experience, whereas attitude is con-
cerned with the quality of the attention, being accepting,
kind and curious (Ivtzan, 2016). Evidence indicates that
higher levels of mindfulness are associated with life satis-
faction (Schutte & Malouff, 2011), and higher degrees of
the non-judgemental aspect of mindfulness are predictive of
lower levels of stress and anxiety symptomology (Cash &
Whittingham, 2010). Furthermore, improvements in mind-
fulness have been found to mediate between formal mind-
fulness practice and increases in psychological wellbeing
(Carmody & Baer, 2008), indicating that symptom reduc-
tion and improved wellbeing are consequential of increased
mindfulness, which is the result of mindfulness practice.
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Psychological wellbeing is a multifaceted concept which,
at its most basic level, refers to positive mental states such as
happiness and life satisfaction (Robertson, 2018). Anxiety, on
the other hand is a feeling of unease, worry or fear that ranges
from mild to severe (National Health Service, 2020). Most
people feel anxiety at certain times, which is normal, however
when symptoms are ongoing and severe it can have a signif-
icant negative impact on quality of life (Olatunji et al., 2007).
Unsurprisingly, levels of anxiety have been found to be in-
versely correlated with measures of wellbeing (Malone &
Wachholtz, 2018), as people living with it are often unable
to live the life they would like to (Swift et al., 2014). There is
an increasing body of literature supporting mindfulness train-
ing, such as mindfulness-based stress reduction (MBSR) and
mindfulness-based cognitive therapy (MBCT), as a means to
improve wellbeing and anxiety symptomology. Numerous
systematic reviews and meta-analyses demonstrate that these
interventions lead to clinically significant increases in
wellbeing and reduction in anxiety in the general population
(Gu et al., 2016; Heckenberg et al., 2018). Reviewers stress
the robustness of these results, in that the positive effects are
maintained at follow-ups, do not change in relation to publi-
cation date, or number of sessions (Hofmann et al., 2010).
Individual studies in sport-specific contexts have similar find-
ings. Foster (2017) found a significant direct effect of mind-
fulness on both sport-specific wellbeing and global wellbeing.
Similarly, retired Iranian football players have been found to
report reduced stress, anxiety and depression and improved
psychological wellbeing following an MBSR program
(Norouzi et al., 2020). This evidence, along with the multifar-
iousness of experimental cohorts that have been tested, sug-
gests that mindfulness training is an efficacious, effective and
flexible tool to improve wellbeing and anxiety within thera-
peutic frameworks.

Research assessing mindfulness outside of therapeutic
frameworks, such as MBSR and MBCT, although less vast,
is also positive. In 2018 Blanck et al. identified and reviewed
18 controlled trials assessing the efficacy of stand-alone mind-
fulness exercises in non-clinical populations. They found pos-
itive reductions on anxiety when compared to controls, with
small to medium effect sizes, which remained significant
when corrected for potential publication bias. According to
the reviewers, “this demonstrates that the mere, regular per-
formance of mindfulness exercises is beneficial, even without
being integrated in larger therapeutic frameworks” (Blanck
et al., 2018, pp. 25).

However, in real-life settings non-clinical populations are
unlikely to engage with mindfulness via in-person training
programmes. Caution should therefore be taken to avoid gen-
eralizing these results to cohorts that engage with mindfulness
through different mediums. Indeed, a rapidly rising medium
by which the general population are engaging with mindful-
ness is via smartphone applications (Economides et al., 2018).

Due to the recent advancement of these applications, less is
known about the efficacy of these mediums; however, some
randomised controlled trials (RCT) have demonstrated posi-
tive effects. For instance, Economides et al. (2018) compared
an introductory mindfulness meditation program, delivered
via the Headspace app, to a psychoeducational audiobook
control. Both interventions effectively reduced stress; yet only
the mindfulness app improved irritability, affect and stress
resulting from external pressure. Similar results were found
by Walsh et al. (2019) who compared mindfulness training to
cognitive training, both delivered via smartphone apps. They
found that participants who engaged with the mindfulness app
reported significantly more positive changes in subjective
wellbeing, namely mood improvement, reduced stress and
greater attentional control. These trials suggest that
smartphone apps such as Headspace are an effective medium
to deliver mindfulness training and that engaging with them
positively influences wellbeing and anxiety symptomology.
However, given the finite number of studies in this area, cau-
tion should be taken when interpreting this information. More
trials, along with stringent reviews, are needed before full
confidence can be had as to whether the findings are robust.

How Does Mindfulness Practice Relate to Rock-
Climbing?

It appears evident that mindfulness is a well-established con-
cept in the context of mental health. However, what is perhaps
more surprising is that mindful practice is also rooted within
the rock-climbing community. Many authors such as Arno
Ilgner (2003) have written about mindfulness training as a
way to improve climbing ability by increasing focus, motiva-
tion, and overcoming fears. Clinical specialists that work with
competitive rock-climbers have also noted the observational
benefits of integrating mindfulness training for sport-perfor-
mance. Anna Enright, for example, is a psychiatric clinical
nurse specialist who incorporates training to focus on breath,
body awareness, and visualising peak performance in her
work with youth climbing teams. Enright (2016, para.4) de-
scribes climbing as an “inherently mindful activity... If it is
challenging, we lose focus and forget to scan ahead, breathe
and allow our body to direct us... If mindful, one can observe
this is happening and using the breath, the eyes, and the feel of
the holds can help shift the focus back to the present climb”.
Such observations have also been recorded by healthcare or-
ganisations such as the National Health Service (NHS).
According to the NHS (2020) rock-climbing alleviates the
symptoms of mental health problems by keeping you focused,
clearing your mind of outside worries, and helping you to
build your confidence and self-esteem. Upon analysis, this
recount reflects characteristics of Shapiro et al.’s (2006) afore-
mentioned components of mindfulness. Specifically, remain-
ing focused and clearing the mind of worries appears to map
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onto the components of attention and attitude, respectively.
This indicates that rock-climbing offers a unique combination
of physical and mental health benefits; as of yet, these have
not been empirically validated. Evidence that rock-climbing
promotes the development of psychological skills is not mere-
ly anecdotal, however. Young and Knigth (2014), for exam-
ple, demonstrated that elite rock-climbers display a high rate
of robust mental skill that allows them to remain present in the
moment and perform under high stress conditions.
Furthermore, experienced athletes scored significantly higher
on measures of coping skill than leisure and novice athletes,
suggesting a correlation between engagement in high-risk
sports and psychological skills (Young & Knigth, 2014). It
has been suggested that this is due to the nature of extreme
sports such as rock-climbing, in that they require robust psy-
chological skills to navigate unpredictable and adverse sport
environments (Smith et al., 1995). The ability to remain pres-
ent and in control in spite of fear can mean the difference
between success and failure (Rooney, 2017).

In relation to mindfulness skills specifically, there is a dis-
tinct lack of research. Following a rigorous literature search
one relevant study was identified, which explored the
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relationship between mindfulness and life satisfaction in
rock-climbers and the general population (Steinberg, 2011).
Analyses revealed that the rock-climbers had higher endorse-
ments of mindfulness, positive affect and life satisfaction; and
revealed a correlation between mindfulness, psychological
wellbeing and rock-climbing. According to Steinberg (2011,
pp-62), “The significant endorsement of mindfulness by the
rock-climbers in this study provides statistical evidence for the
potential benefit of using rock climbing as an activity to help
facilitate mindfulness”. Indeed, one possible explanation of
Steinberg’s finding is that the high endorsement of mindful-
ness is consequential of rock-climbing. Thus, based on the
reviewed research demonstrating that mindfulness practice
promotes wellbeing, if rock-climbing embodies mindfulness
practice then rock-climbing should promote psychological
wellbeing (see Fig. 1a). This theory is consistent with the
evidence demonstrating that engagement with high-risk sports
promotes a robust psychological skillset (Rooney, 2017;
Smith et al., 1995; Young & Knigth, 2014); however, it is
not the only explanation for Steinberg’s findings. The other
possibility is that mindfulness and engagement with rock-
climbing have a common causal factor, such as a facet of
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Fig. 1 Conceptual illustrations of the possible relationships between rock-climbing, mindfulness and wellbeing. Note. (a) and (b) illustrate the possible
explanation of Steinberg’s (2011) findings discussed in this background of this paper
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personality. Meta-analyses have indicated that low neuroti-
cism is associated with both mindfulness (Hanley &
Garland, 2017) and engagement with high-risk sports
(McEwan et al., 2019) such as rock-climbing. Therefore,
rock-climbing and mindfulness may be independent conse-
quences of low neuroticism, with this predicting wellbeing
(see Fig. 1b). As of the time of writing, no empirical research
had been conducted attempting to determine the nature of the
relationship between rock-climbing and mindfulness, thus
highlighting a striking gap in the psychological literature.

Purpose of the Current Study

This purpose of this study was to explore the relationship
between rock-climbing, mindfulness and wellbeing in a non-
clinical sample. The majority of research has focused on the
benefits of mindfulness training for wellbeing, anxiety and
rock-climbing performance, revealing a distinct lack of re-
search as to the potential mental benefits of rock-climbing.
And, while Steinberg (2011) has asserted that rock-climbing
may facilitate mindfulness, at the time of writing this had not
been empirically investigated. Hence, an aim of this experi-
ment was to fill this gap in the literature by assessing whether
participation in rock-climbing would increase measures of
mindfulness when compared to a control group. Based on
the evidence demonstrating that mindfulness practice im-
proves wellbeing and anxiety symptomology, this study also
aimed to investigate how participation in rock-climbing would
affect these variables. This was achieved by exploring chang-
es in measures of mindfulness, anxiety and wellbeing follow-
ing an ‘intervention’, which for the purposes of this study is
defined as participation in a mindfulness exercise followed by
either rock-climbing or a control activity. To the best of my
knowledge, this was the first controlled study to investigate
the relationship between mindfulness and rock-climbing.

Methods
Participants

Due to the lack of previous research an a priori power analysis
could not be performed. Instead, recruitment estimations were
informed by Luttenberger et al.’s (2015) study of bouldering
and depressive symptomology which found a significant me-
dium effect size according to Cohen’s d with 47 participants.
In the current study 68 participants were recruited using two
opportunity samples, advertised via posters and social media
posts. Climbing abilities ranged from complete-beginners
(“never having climbed”) to advanced-beginners (“having
climbed once or less a year”); and experience using mindful-
ness apps ranged from “never” to “once a month”. Eligible
participants were over the age of 18 and physically able to

participate in the activities described in the procedure.
Additional eligibility criteria were included for participants
in the bouldering cohort to minimise the risk of harm. As such,
participants were pre-screened and not invited to participate in
the bouldering activity if they reported a history of epilepsy,
panic attacks, or scored above clinical ‘caseness’ for anxiety
or depression in the Hospital Anxiety and Depression Scale
(see materials). Written informed consent was obtained from
all participants at TO and T1. All participants were debriefed
following participation.

Procedure

This study used a quasi-experimental design in which the
independent variable was group allocation: bouldering versus
control. The control sample were required to participate in
regular strength & conditioning (S&C) training and thus were
recruited through the University of Nottingham (UoN) sports
teams. As such, random allocation was not possible. The three
dependent variables (mindfulness, wellbeing and anxiety)
were collected at two timepoints: baseline, a week prior to
the intervention (T0); and follow-up, immediately after the
intervention (T1). Participants that met the exclusion criteria
were screened out following collection of TO data. The inter-
vention consisted of a mindfulness activity, completed by all
participants, followed by engagement in either a climbing or
control activity. This study was approved by the UoN School
of Psychology ethics committee and a full risk assessment was
completed.

Mindfulness Activity The purpose of the mindfulness activity
was to set the intention of mindful participation, which has
been identified as a principal component of mindfulness
(Shapiro et al., 2006). Participants were seated in a quiet room
with no distractions in group sizes ranging from 7 to 30 indi-
viduals. They were instructed to listen to three 3-min auditory
guided meditations selected from the Headspace app, as at the
time of writing Headspace was the only evidence-based mind-
fulness app available, had been downloaded more than 64
million times and was the highest scoring mindfulness-based
app according to the Mobile Application Rating System
(Mani et al., 2015). The meditations were called “Breathe”,
“Body Scan” and “Refresh” and were chosen to encapsulate
Kabat-Zinn’s (1994) core elements of mindfulness. The med-
itations were played from the researcher’s laptop with a 1-min
break between each; the order of presentation did not vary
between groups so as not to introduce confounding variables.
This activity took 11-min in total.

Climbing Activity: Bouldering Indoor bouldering is a form of
rock-climbing whereby people climb on artificial climbing
structures (up to 4.5 m in height) without a rope. Bouldering
walls offer a variety of routes that vary in difficulty, which
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allows people of different fitness levels to easily boulder to-
gether without being underchallenged or overstrained. The
bouldering activity took place at the Nottingham Climbing
Centre (NCC) in four groups of 7—13 participants. Prior to
attending participants signed a waiver and completed a boul-
dering induction, allowing them to boulder as unsupervised
adults. The bouldering activity consisted of warming-up exer-
cises led by the researcher, who is a qualified Climbing Wall
Instructor; followed by 1-h of unsupervised bouldering. The
researcher was present at all times however only offered in-
struction relating to safety guidelines.

Control Activity: Strength & Conditioning (S&C) To be eligible
to partake in this activity participants had to attend S&C train-
ing as part of a sports team, as the researcher was not qualified
to conduct this activity. The S&C training involved using
gym-equipment as part of a regular programme to improve
sport performance over time. Exercise has been shown to in-
crease wellbeing therefore this activity, which requires similar
levels of exertion as bouldering, was identified as a suitable
control. The S&C activity took place at the David Ross Sports
Village (DRSV) in one group of 30 and lasted 1-h. The re-
searcher was not present for this activity.

Measures

Questionnaires were administered on Qualtrics (http:/www.
qualtrics.com) and complied with general data protection
regulations. The initial questionnaire completed at TO (see
supplementary material) collected demographical informa-
tion, to gather relevant sample characteristics such as climbing
experience; and screening information, to assess suitability for
the bouldering activity. The following measures, along with a
unique identification code to match the questionnaires, were
collected at TO and T1:

Hospital Anxiety and Depression Scale (HADS) The HADS is a
14-item instrument designed to measure the levels of anxiety
(HADS-A) and depression (HADS-D) that a person is
experiencing (Snaith & Zigmond, 1986). Items are scored
from 0 to 3, with items 1, 3, 5, 6, 7, 9, 10 and 11 being
reversed scored. Scores below 7 indicate normal levels of
anxiety and depression, scores of 8—10 indicate borderline
symptoms, and scores above 11 indicate clinically significant
symptoms. A literature review indicated that the HADS is
highly correlated with other commonly used questionnaires
and verified both the HADS-A (Cronbach’s «=.83) and
HADS-D (Cronbach’s o =.82) were reliable measures of
symptom severity (Bjelland et al., 2002). Therefore, this cur-
rent study used the HADS-A as a measure of anxiety; and
enlisted both subscales to pre-screen participants in the boul-
dering cohort. The score of each subscale ranges from 0 to 21,
with scores of 11 or above indicating clinical ‘caseness’; a
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term meaning symptomology is severe enough to be regarded
as needing a clinical intervention. Thus, a score of 11 or above
in the HADS-A or HADS-D was used as a cut-off to minimise
risk to participants in the bouldering activity.

State Mindfulness Scale for Physical Activity (SMS-PA) The
SMS-PA is a 12-item measure that is used to assess the spe-
cific experience of mindfulness in physical activity (Cox etal.,
2016). 6-items assess state mindfulness of the mind, which
refers to an awareness of thoughts and emotions; and 6-
items assess state mindfulness of the body, which represents
being present in one’s physical experience. Items are scored
from 0 to 4, with higher scores indicated higher endorsement
of mindfulness. Initial validity tests have indicated that the
SMS-PA provides reliable estimates of mental (Cronbach’s
o =.89), physical (Cronbach’s & =.90), and overall mindful-
ness (Cronbach’s o =.90) at test and retest (Cox et al., 2016).
As of the time of writing, the SMS-PA was the only available
measure that facilitated the examination of state mindfulness
in a physical activity context (Cox et al., 2016) and was there-
fore selected as a suitably sensitive measure of mindfulness in
the current study.

The Flourishing Scale (FS) The FS is an 8-item instrument used
to assess core aspects of psychological wellbeing; see supple-
mentary materials for items and scoring. It provides a single
measure of self-perceived wellbeing in important areas such
as relationships, self-esteem, purpose and optimism (Silva &
Caetano, 2013). Items are scored from 0 to 7, with higher
scores indicating stronger psychological resources and
strengths. Validity tests have indicated the FS has good psy-
chometric integrity, scores highly on estimates of reliability
(Cronbach’s o« =.87) at test and retest and is strongly associ-
ated with other psychological wellbeing scales (Diener et al.,
2009). It has been established as a viable measure for
assessing wellbeing in student samples (Howell & Buro,
2015); and therefore, was selected as an appropriate measure
of wellbeing for the current study.

Analyses

Data analyses were conducted using IBM SPSS Statistics soft-
ware, version 26. Intervention methods were used to investigate
within- and between- group differences for measures of anxiety,
mindfulness and wellbeing; effect sizes were calculated accord-
ing to Cohen’s d. Following this, a multiple linear regression
(MLR) analyses was then conducted for dependent variables
whereby change scores varied significantly between groups.
This was done to assess how much of the variance was
accounted for by group condition. Finally, analyses were repeat-
ed in a sensitivity analysis whereby the same exclusion criteria
were applied to the control and boulder groups. All fixed effects
were similar so these are reported only briefly below.
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Results
Sample

Of the 68 participants that completed the baseline question-
naire 59 were included in the main analysis and 56 were in-
cluded in the sensitivity analysis. Participants in the boulder-
ing and control groups did not differ significantly in mindful-
ness experience or climbing experience; however, the groups
did differ significantly in age and gender (see Table 1). Flow
of participants, including reasons for exclusion and dropout,
are presented in Fig. 2.

Preliminary Analyses

Prior to analyses the dependent variables were tested for in-
ternal consistency, measured by Cronbach’s «. All the vari-
ables demonstrated high reliability at TO (mindfulness:
a=.73; anxiety: o =.78; wellbeing: o =.93); however, at
T1 only anxiety and wellbeing demonstrated high reliability
(mindfulness: a=.67; anxiety: a=.86; wellbeing: o =.93).
Following this, single scores of mindfulness, anxiety and
wellbeing were calculated at TO and T1 for each participant.
Each variable was then verified to see if parametric tests were
suitable to use on the data. These preliminary analyses re-
vealed that none of the variables violated the assumption of
homogeneity of variances or the assumption of sphericity.
One participant in the control group was identified as an ex-
treme outlier and was therefore excluded from the analyses.
Tests of normality indicated that mindfulness was not in vio-
lation of the assumption of normality, however wellbeing and
anxiety were. A logarithmic transformation of wellbeing, re-
ported as log(wellbeing), corrected for this violation.
Transformations were unable to correct for normality in anx-
iety; however, values of kurtosis and skewness indicated this
would not impact on the validity of the results when analysed
using a robust parametric test (Schmider et al., 2010). As such,
all the measures were analysed using a mixed ANOVA as this
is a powerful test requiring smaller sample sizes and mini-
mises family-wise error. It is important to note that the loga-
rithmic transformation of wellbeing reversed the direction of
the relationship; therefore, a negative relationship from
log(wellbeing) at TO and T1 represents an increase in
wellbeing.

Mixed ANOVA

Within-group comparisons were conducted to investigate
whether the bouldering and control activities had caused a
change in mindfulness, wellbeing and anxiety. Between-
group comparisons were conducted to investigate whether
the bouldering had affected any of the variables more than
the control activity.

Mindfulness There was a significant main effect of time, F(1,
57)=22.74, p=.000, r=.53, with contrasts revealing that
mindfulness was significantly greater at T1 than TO, F(1,
57)=22.74, p=.000, r=.53. There was no significant main
effect of group condition, F(1, 57)=.005, p=.942, r=.01,
indicating that mindfulness scores were similar for partici-
pants in the bouldering and control groups. There was a sig-
nificant interaction effect between time and group condition
F(1, 57)=10.77, p=.002, »r=.34. This effect indicates that
the increase in mindfulness differed in the boulder and control
groups. To break down this interaction, contrasts compared
mindfulness at each time point to average mindfulness, across
the boulder and control participants.

These contrasts revealed significant interactions when
comparing participants’ scores in the boulder and control
groups to TO compared to T1, F(1, 57)=10.74, p=.000,
r=.34. The interaction graph (see Fig. 3a) shows that al-
though mindfulness increased in both groups, this increase
was more pronounced in the boulder condition.

Anxiety There was no significant main effect of time, F(1,
57)=2.59, p=.113, r=.21, nor was there a significant effect
of group, F(1,57)=1.32, p=.255, r=.15. This indicates that
anxiety scores were similar for both participants in the boul-
dering and control groups. There was no significant interac-
tion between time and group condition, F(1, 57)=1.19,
p=.279, r=.14, indicating that change in anxiety did not
differ between the groups. See Fig. 3b for the interaction
graph.

Wellbeing There was a significant main effect of time on
log(wellbeing), F(1, 57)=15.60, p =.000, r=.46, with con-
trasts revealing that log(wellbeing) was significantly greater at
T1 than TO, F(1, 57)=15.60, p =.000, » = .46. There was no
significant main effect of group condition, F(1,57)=.158,
p=.693, r=.05, indicating that log(wellbeing) scores were
similar for participants in the bouldering and control groups.
There was no significant interaction between time and group
condition, F(1, 57)=1.85, p=.179, r=.18, however. This
indicates that increases in log(wellbeing) did not differ be-
tween the groups. See Fig. 3¢ for the interaction graph.

Regression Analysis

The between-group comparisons revealed that mindfulness
was the only measure in which change scores varied signifi-
cantly between groups. Therefore, a MLR analysis was con-
ducted on mindfulness at T1 to assess whether the condition
effect remained when baseline levels of mindfulness were
controlled for. Prior to this, preliminary analyses were con-
ducted on mindfulness at T1, mindfulness at TO and group
condition to verify whether an MLR was suitable to use on
the data. These revealed that none of the variables violated the
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Table 1 Characteristics, descriptive statistics & correlations, and linear model predictors of mindfulness of the full analysis sample

L Total Sample Boulder Control
Sample Characteristics t(59) P
(n=59) (n=30) (n=29)
TO T1 TO T TO T
Age (years):
Mean 20.63 21.40 19.79 4.49 .00**
(SD) (1.60) (1.48) (1.26)
Sex (n):
Male 37 11 26 .53 .00**
Female 22 19 3
Mindfulness Experience (n):
Yes 18 10 8 0.61 .55
No 42 20 22
Climbing Experience (n):
Yes 22 9 13 0.90 .37
No 37 21 16
Mixed ANOVA Descriptive Total Sample Boulder Control
Statistics O T1 0 T1 T0 1
Mindfulness
Mean 26.53 30.78 25.03 32.13 28.07 29.38
(SD) (8.00) (8.41) (8.61) (8.74) (7.12) (7.96)
Anxiety
Mean 5.85 5.29 5.60 4.70 6.07 5.90
(SD) (3.07) (3.07) (2.70) (2.49) (3.44) (3.51)
Wellbeing
Mean 1.16 1.12 1.18 1.12 1.15 1.12
(SD) (.15) (.16) (.15) (.17) (.16) (.15)
Descriptive Statistics and
Correlations for MLR M (SD) 1. 2. 3.
Variables
1. Mindfulness (T1) 30.43 (8.63) - 53 A3
2. Mindfulness (T0) 26.42 (8.00) - -18
3. Group Condition .50 (.50) -
Linear Model Predictors of 95% Confidence Intervals
) B SEb B
Mindfulness Lower Upper
Step 1
Constant 15.33 3.33 8.67 22.00
Mindfulness (T0) .57 12 X .33 .81
Step 2
Constant 12.18 3.56 5.05 19.31
Mindfulness (T0) .62 12 57+ .38 .86
Group Condition 3.97 1.89 .23* .20 7.74

Note. Group condition is included as a binary variable coded 0 (boulder) and 1 (control).
*p<.05 %% p<.001.
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as an extreme outlier

Fig. 2 Flow chart of participants

assumptions of normality, linearity and multicollinearity; and
indicated there were no extreme outliers. Table 1 presents the
means, standard deviations and bivariate correlations between
the core variables included in the analysis. As expected, the
correlation between mindfulness at TO and mindfulness at T1
was positive and significant.

To examine whether mindfulness at T1 was related to
group condition when participants’ baseline mindfulness
was controlled for, a block entry (set-wise) regression analysis
was performed. Mindfulness at TO was entered into block 1
and group condition was entered into block 2. The analysis
revealed that mindfulness at TO accounted for a significant
amount of the variance in mindfulness at T1, R?= 28%, F(1,
58)=22.43, p<.001. As expected, mindfulness at TO was
positively associated with mindfulness at T1, indicating that
higher levels of mindfulness at TO were associated with higher
levels of mindfulness at T1. The addition of group condition
in block 2 while controlling for baseline mindfulness ex-
plained an additional significant amount of the variance in
mindfulness at T1, R>=33%, F(, 57)=4.45, p=.04. This
variable was an independent predictor of mindfulness at T1,
as can be seen in the summary of the model depicted in
Table 1.

Sensitivity Analysis

Sensitivity analyses were conducted whereby the same exclu-
sion criteria were applied to the control and boulder groups.
All fixed effects for both the mixed ANOVA and MLR were
similar to those reported for the main analyses in direction,
magnitude and statistical significance (see Table 2).

Discussion

The aim of this experiment was to explore the relationship
between rock-climbing and mindfulness in a controlled de-
sign. This was achieved by assessing how participation in
bouldering affected measures of mindfulness, wellbeing and
anxiety when compared to a control group undertaking a sim-
ilar physical activity. As predicted, mindfulness increased sig-
nificantly in the bouldering group only. The results regarding
wellbeing and anxiety symptomology, however, were not
consistent with the hypotheses in so far as no significant dif-
ferences were found between the bouldering and control ac-
tivity. This study provides the first evidence that rock-
climbing increases mindfulness and has demonstrated that a
single 1-h session does not affect measures of wellbeing and
anxiety when compared to a similar physical activity.
Previous research has demonstrated a high rate of robust
mental skills in rock-climbers (Young & Knigth, 2014);
conjected to be a consequence of the need to remain present
and in control in unpredictable environments (Smith et al.,
1995). The findings of this study provide support for this
conjecture in so far as the bouldering activity was found to
be predictive of mindfulness, a psychological skill of aware-
ness and attention (Shapiro et al., 2006); even when control-
ling for participants’ baseline levels of mindfulness. This pro-
vides strong support for Steinberg’s (2011) assertion that
rock-climbing could be used as an activity to help facilitate
mindfulness, as well as claims that rock-climbing clears and
focuses the mind (NHS, 2020). Furthermore, it demonstrates
that rock-climbing embodies mindful practice, as has previ-
ously been observed by clinical specialists and authors of
sport-performance programmes (Enright, 2016; Iigner, 2003).
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Estimated Marginal Means of Mindfulness
35

33
31

29
—Boulder

27 ——Control

25

Estimated Marginal Means

23

(o3

Estimated Marginal Means of Anxiety

6.5

55
—Boulder

5 —Control

Estimated Marginal Means

45

Estimated Marginal Means of Anxiety

(9]

—Boulder
—Control

11

Estimated Marginal Means
=

1.08
T0 T
Time

Fig. 3 Within- and between- group comparisons of the main analysis for
(a) mindfulness, (b) anxiety, and (c) log(Wellbeing). Note. Bars represent
one standard error of the mean

In contrast, the current findings are inconsistent with the
extant of research demonstrating that mindfulness practice
promotes wellbeing and reduces anxiety (Blanck et al.,
2018; Gu et al., 2016; Heckenberg et al., 2018), in so far as
the increase in mindfulness in the bouldering cohort was not
accompanied by greater changes in wellbeing and anxiety.
This may be a reflection of the sample characteristics, in that
both groups reported high levels of wellbeing and participants
with a clinically relevant level of anxiety were excluded from
the study. As such, there is not sufficient reason to expect
significant changes in these measures. Furthermore, it is worth
considering that a single 1-h session of bouldering is not a
sufficient duration for mindfulness practice to affect these
measures. Interventions for generalized anxiety disorders
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(NICE, 2019); trials investigating rock-climbing as a treat-
ment for depression (Luttenberger et al., 2015; Stelzer et al.,
2018); and research assessing the efficacy of mindfulness in-
terventions are conducted for a minimum of 8 weeks.
Therefore, the short duration and exclusion criteria of may
have limited the findings of this study.

Theoretical & Practical Implications

This is the first controlled study to investigate the relationship
between rock-climbing and mindfulness. The results provide
novel evidence that rock-climbing increases mindfulness
which encourages speculation as to the mechanism by which
this may occur. One conjecture is that both mindfulness and
rock-climbing promote “flow”; a state of mind believed to
occur during optimal human experience (Wright et al.,
20006). In positive psychology, a flow state is the mental state
in which a person performing an activity is fully involved,
energetically focused, and completely absorbed in the enjoy-
ment of the process (Csikszentmihalyi, 1988). Mindfulness
and challenge-skills such as rock-climbing are believed to
create a flow state by forcing an individual to live in the pres-
ent moment, not worry, and perform an activity because it is
intrinsically rewarding (Csikszentmihalyi et al., 2014).
Therefore, the state of mind a person experiences while
rock-climbing may be synonymous to that of mindfulness.
Flow is considered to reflect optimal experience and, funda-
mentally, promote overall life satisfaction, which one could
consider as an explanation for the high levels of life satisfac-
tion reported by rock-climbers in Steinberg’s (2011) study. In
2018, Simlesa et al. proposed the ‘Flow Engine Framework’,
a cognitive model to explain how this psychological phenom-
enon works. Exploring rock-climbing and mindfulness within
the context of models such as these is an intriguing direction
for future research to take and will have implications for the
development of therapeutic rock-climbing programmes.
Indeed, the results of this current study alongside
Steinberg’s (2011) findings indicate that rock-climbing is an
effective, efficacious, and ecologically valid tool to increase
mindfulness. This indicates that engagement with rock-
climbing promotes the development of robust psychological
skills important for confidence, academic success, and overall
wellbeing (Galli & Gonzalez, 2015). In this sense rock-
climbing could be considered to be a protective factor; which
in this context refers to an activity that helps an individual deal
more effectively with stressful events (Sarkar & Fletcher,
2014). Practically this has implications with regard to the fu-
ture implementation of rock-climbing as a resilience-building
activity as well as the potential integration of rock-climbing
within therapeutic frameworks. The potential of this within
both clinical and non-clinical populations should be consid-
ered by future research, however caution should be taken as to
which clinical populations this is be applied to. According to
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Table 2 Mixed ANOVA results, descriptive statistics & correlations, and linear model predictors of mindfulness of the sensitivity analysis sample

Mixed ANOVA Descriptive Total Sample (n = 59) Boulder (n = 30) Control (n = 29)

Statistics To T1 TO T T0 1

Mindfulness:
Mean 26.35 30.78 25.03 32.13 28.07 29.38
(SD) (7.99) (8.41) (8.61) (8.61) (7.12) (7.96)

Anxiety:
Mean 5.83 5.29 5.60 4.70 6.07 5.90
(SD) (3.07) (3.07) (2.70) (2.49) (3.44) (3.51)

log(Wellbeing):
Mean 1.16 1.12 1.18 1.12 1.15 1.12
(SD) (.15) (.16) (.15) (.17) (.17) (.15)

Mixed ANOVA Results Time Group Interaction

Mindfulness
F(1,54) 20.74** .01 9.41*
Cohen’s d .53 .01 .39

Anxiety
F(1,54) 1.55 .05 1.84
Cohen’s d A7 .03 .18

log(Wellbeing)
F(1,54) 13.32** 77 1.93
Cohen’s d .44 12 19

Descriptive Statistics and

. . M (SD) 1 2 3
Correlations for MLR Variables
1. Mindfulness (T1) 30.89 8.59 - .60** -.16
2. Mindfulness (TO) 26.45 8.17 - -.19
3. Group Condition 46 .50 -
Linear Model Predictors of 95% Confidence Intervals
) B SEb B

Mindfulness Lower Upper
Step 1

Constant 14.10 3.15 7.78 20.43

Mindfulness (TO0) .64 1 .60** 41 .86
Step 2

Constant 14.86 3.00 8.84 20.88

Mindfulness (TO0) .69 11 .66** A7 91

Group Condition -4.77 1.79 -.28* -8.35 -1.19

Note. Group condition is included as a binary variable coded 0 (boulder) and 1 (control).
*p<.05 % p<.001.
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Farias and Wikholm (2016) mindfulness meditation has po-
tentially damaging effects in around 5% of people, which is
likely due to underlying trauma. Many psychiatric illnesses
are rooted in trauma, and people often cope with this by draw-
ing on a wide range of distracting mechanisms; mindfulness
involves stopping all these mechanisms at once, which can be
distressing and induce severe panic and anxiety (Ransford,
2015).

Strengths of the Research

A major strength of this study is that, unlike previous research
in this area, it adopted a quasi-experimental design with a
stringent and appropriate control condition. S&C training is
used by elite climbing athletes to improve their performance
(Phillips et al., 2012) and is therefore appropriate as a tool to
engage the same muscles at a similar intensity to rock-
climbing. Furthermore, both the bouldering and S&C training
were conducted in groups. This removed potentially con-
founding variables from the study, such as social interaction
and an- / aerobic respiration, and therefore the change in mind-
fulness can be confidently implicated to the rock-climbing
activity.

Another strength of this study is that the analysis sample
had no or minimal rock-climbing experience. As higher en-
dorsement of psychological skills and mindfulness have been
reported in rock-climbers (Steinberg, 2011) and athletes in
other high-risk sports (Young & Knigth, 2014), omission of
experienced climbers ensured that the sample was more likely
to accurately represent mindfulness of young adults within the
general population. In addition to this, low neuroticism has
been associated with both mindfulness (Hanley & Garland,
2017) and engagement with high-risk sports (McEwan et al.,
2019). While measures of personality facets were not mea-
sured, it is hoped that omission of individuals that regularly
engage with mindfulness or high-risk sports protected against
recruiting an unusual sample with lower neuroticism than
young adults within the general population.

Limitations & Future Directions

Several notable limitations constrain the conclusions that can
be drawn from this study. First, due to time and resource
constraints, the researcher decided to recruit a stringent
control group rather than randomly allocating participants.
According to Schulz (2000) random allocation is the only
method that eliminates selection and confounding biases by
ensuring comparison groups are on equal footing at study
onset. Nevertheless, the strengths of adopting an appropriate
and stringent control sample are considered to outweigh the
limitations of random allocation for this study. Another con-
tributor of potential bias was the lack of concealment of group
condition; this was not possible as the study was planned and
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conducted by one researcher. Furthermore, the researcher was
present for the bouldering activity but not control activity and
could therefore could have potentially influenced the boulder-
ing group to participate in a more mindful way. This had the
potential to introduce bias and inflate effect sizes (Schulz
et al., 1995), however given the intention of mindful partici-
pation was set for both the bouldering and control group prior
to the activities this is considered unlikely by the researcher.

It is also important to note the potential limitations arising
due to the sample. Firstly, the sample included mostly stu-
dents; therefore, the results may not generalise to other age
groups and educational backgrounds. Secondly, there was a
significant gender-ratio disparity between the bouldering and
control groups; due to the lack of randomisation. While
Tihanyi et al. (2016) have reported no gender difference in
body awareness and mindfulness in physical activity, other
studies indicate there may be subtle gender differences to
facets within mindfulness (Alispahic & Hasenbegovic-Anic,
2017; Cathcart et al., 2014). The potential bias introduced by
these subtle gender differences was not controlled for within
this study. However, initial validation of the SMS-PA has
indicated it is a reliable measure of mindfulness in both males
and females (Cox et al., 2016).

Despite these limitations this experiment provides evidence
that rock-climbing has practical implications within positive
psychology and mental health. Firstly, it adds to the existing
literature in support of physical activity to increase wellbeing
in young adults; and secondly, it provides the first evidence
that bouldering can effectively increase mindfulness in a
healthy sample of young adults. Future research should aim
to independently replicate these findings in light of the limi-
tations discussed above. In this way a fully randomized,
concealed and longitudinal trail incorporating age, gender
and personality facets within the analysis would be an appro-
priate next step for future research. Furthermore, researchers
could take the direction to replicate this study in clinical sam-
ples or explore the findings within the context of a cognitive
model of flow.
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