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Abstract: Mindfulness is assumed to foster the ability to consistently act in line with one’s authentic
self; a skill which has been found to enhance students’ autonomous motivated behavior in the
educational context. However, evidence regarding how mindfulness can be integrated into existing
conceptual frameworks such as the trans-contextual model is scarce. Therefore, the present study
aimed to evaluate the role of mindfulness in students’ autonomous motivation in the school and
leisure time contexts. Overall, N = 1877 students (M = 14.74 years, SD = 2.63) indicated their self-
reported mindfulness, their perceived need for support in physical education, their autonomous
motivation during physical education and leisure time, as well as their perceived behavioral control,
attitude, subjective norm, and intention toward physical activity. Physical activity was additionally
measured physiologically for n = 240 students using accelerometers. Path model analyses revealed
that the inclusion of mindfulness substantially improved the trans-contextual model fit. Perceived
autonomy support positively predicted mindfulness, which, in turn, predicted autonomous moti-
vation in physical education and leisure time, attitude, subjective norm, and perceived behavioral
control. Furthermore, mediation analyses revealed the significant indirect effects of mindfulness
on physiological and self-reported physical activity. Based on these results, mindfulness can be
considered a key factor in fostering students’ motivation to become physically active.

Keywords: mindfulness; motivation; physical education; physical activity; leisure time

1. Introduction

As education in the twenty-first century comes along with new challenges, the question
of how skills and knowledge taught in schools can be integrated into the students’ everyday
lives arises. The trans-contextual model [1] addresses this transfer by characterizing
the processes of autonomous motivation in school as an important factor of behavioral
engagement over a longer period, which, in turn, predicts autonomous motivation beyond
the school context. The introduced model entails a multi-theoretical approach, combining
self-determination theory (SDT) [2], Vallerand’s [3] hierarchical model of intrinsic and
extrinsic motivation, and the theory of planned behavior (TPB) [4]. In accordance with
SDT, the first key assumption of the trans-contextual model is that an autonomy supportive
climate in class is associated with a greater perception of autonomous (self-determined)
motivation in class [5]. Second, the authors propose that autonomous motivation toward
leisure-time-based physical activities is predicted by autonomous motivation in physical
education. In addition, autonomous motivation in an out-of-school context predicts the
attitude, self-perceived behavioral control, and subjective norms toward physical activity,
which, in turn, predict intentions toward, and actual engagement in, out-of-school physical
activity. Overall, the presented model displays an important framework for fostering an
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understanding of how students may transfer their autonomous motivation from the school
context toward their everyday lives [5,6].

1.1. Self-Determination Theory (SDT)

As a key aspect of the trans-contextual model, SDT is an empirically driven theory of
human motivation and development, treating motivation on a continuum of behavioral
regulation [7]. Differentiating between controlled (more externally regulated forms of
motivation) and autonomous motivation (more self-determined regulations of motivation),
the transition from a more controlled toward a self-reflective behavior integrated into
one’s self is called “internalization” [8]. Regarding autonomous motivation, which reflects
engaging in a behavior for reasons of volition to obtain self-referenced outcomes, three
different regulation types are presented in SDT [7]. Firstly, identified regulation reflects the
engagement in a behavior, which serves as a purpose for a self-endorsed outcome, which is
personally important. Secondly, integrated regulation, a more self-regulated form along the
continuum of SDT, occurs when identified regulations are entirely assimilated to the self
(internalized), meaning that the personally important values of the behavioral outcomes are
fully integrated into the sense of self. Finally, intrinsic motivation, the most self-determined
(autonomous) behavioral regulation form, represents the engagement in an activity for
the intrinsic (inherent) satisfaction and enjoyment of the activity itself. In contrast, two
controlled types of motivation are described in SDT. As such, external regulation reflects the
most controlled form of behaviors, relying entirely on external drivers, such as the receipt
of a reward or the avoidance of punishment. Finally, introjected regulation describes a more
internalized but still externally pressured behavioral regulation, undertaken in order to
avoid possible feelings of shame or guilt when not executing the behavior.

Internalized (i.e., autonomous) regulated forms of motivation have been found to be
associated with the continuance of self-determined learning and activities in school, which
lead to various positive outcomes, such as academic attainment, performance, knowledge,
psychological well-being, and happiness [9–11]. In order to facilitate the “internalization”
of autonomous motivation, SDT proposes the three innate psychological needs for autonomy
(the sense of being the causal agent of one’s own behavior), competence (the sense of being
capable to master a desired behavior), and relatedness (the sense of being connected and
attached to significant others) [8]. According to existing research in the educational context,
the support of these needs by the physical education teacher ameliorated their students’
satisfaction of their needs, which was found to be directly related to a more internally
motivated regulation [12–14]. Thus, in extension to the first assumption of the trans-
contextual model, we assume that it is not autonomy support alone, which plays a role in
predicting autonomous motivation in physical education. Instead, we expect competence
and relatedness support to be further significant predictors of autonomous motivation, as
proposed by SDT.

With regard to Vallerand’s hierarchical model of intrinsic and extrinsic motivation [3],
it is claimed that similar motivational types are interrelated between different contexts, and
on the hierarchical level, towards similar global, as well as situational, motivation types.
Hagger and colleagues [1] therefore assumed, and confirmed that, in their trans-contextual
model, students’ autonomous motivation in the physical education context was related to
their autonomous motivation level for leisure-time-based physical activity.

1.2. Theory of Planned Behavior

As a further assumption of the trans-contextual model, self-regulated behavior (i.e.,
autonomous motivation) influences the intention to become physically active, and is me-
diated by the proposed constructs of the theory of planned behavior toward a specific
behavior [4]. The theory of planned behavior posits that human behavior is guided by
three separable components reflecting beliefs about self-efficacy. Firstly, beliefs of the con-
sequences or attributes of the behavior refer to a favorable or unfavorable attitude toward
the behavior. Secondly, beliefs about factors that may promote or hinder performing the
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behavior are called perceived behavioral control, which could be used as a measure for the
actual control of the behavior in question (i.e., if people are realistic in their judgments of
behavior difficulty) [15]. Thirdly, beliefs about the normative expectations of others may
result in social pressure or subjective norms, which further influence the intention to carry
out the behavior. Intention, that is, the willingness to engage in a behavior, has been found
to be the immediate antecedent of behavior, formed by the three components of attitude,
perceived behavioral control, and subjective norms [16].

The theory of planned behavior has been supported in several recent empirical en-
deavors from a variety of scientific domains, including health behavior [17] and teaching in
education [18], or, more specifically, physical activity [19]. However, meta-analyses revealed
that, on average, intentions explain no more than 30% of subsequent behaviors [20,21].
This so-called intention–behavior gap in predicting behavior [22], could be extenuated by
additionally improving memory, and by creating habits and automatic processes to initiate
behavior [23–26].

1.3. Conceptual Integration of Mindfulness into the Trans-Contextual Model

Although the trans-contextual model demonstrates robust theoretical and scientific
evidence, it is restricted to the implication of a need-supportive climate in class to promote
autonomous motivation in the long term [1,5]. Therefore, in the present study, another
important mental state, namely mindfulness, is evaluated, as it may influence said mo-
tivational promotion, alongside the satisfaction of the basic psychological needs in class.
As described in the work of Kabat-Zinn [27,28], mindfulness can be defined as a non-
judgmental awareness of the present moment with all senses. It is specified as the practice
of consciously bringing back one’s attention to the “here and now”. Mindfulness has
been proven to provide a climate of reduced stress [29], and improves well-being [30] and
engagement in class [31], thus representing a promising concept to be considered in the
educational context. As such, the advantages of implementing mindfulness in education
have been demonstrated in numerous studies on evidence-based programs aimed at boost-
ing social competent behaviors, more positive self-concept, optimism [32], improvements
in working memory, attention, academic skills, emotional regulation [33], moral reasoning,
and ethical decision making [34], in both elementary and high school [35]. In the context of
SDT, awareness is furthermore viewed as a significant component of self-regulated behavior
and well-being [36]. Overall, the question of whether higher self-reported mindfulness
and behavioral self-regulation in school have an impact on related out-of-school physical
activity is of considerable importance. This is especially relevant as only around 30%
of adolescents across 146 countries reach the recommended World Health Organization
(WHO) guidelines of being physically active for at least 60 min a day [37].

Although mindfulness programs and practices in education have provided promising
results, there appears to be considerable heterogeneity with regard to their significance,
acceptance, and theoretical background in existing research [38]. Additionally, the authors
state that such programs are often based on exploratory non-consensus frameworks with
few replication studies. Thus, more research is needed in order to establish a profound
school-based framework for interventions in educational contexts incorporating mindful-
ness. In this study, we wish to address this issue by investigating the relationship between
mindfulness and mechanisms whose educational relevance has already been established;
more specifically, to the different constructs of the trans-contextual model [1].

When considering the significant role of mindfulness within the school context, we
expect autonomy support of the physical education teacher to play a key role in predicting
mindfulness. Furthermore, we assume autonomy support to be related to autonomous
motivation and mindfulness. For instance, if the physical education teacher encourages
students to take control of their own actions (e.g., choosing the adequate exercise matching
one’s performance ability), this fulfillment of their need for autonomy may not only lead to
a higher perception of agency [39], but also to increased self-awareness [40]. Consequently,
we suspect that students’ increased self-awareness and perceived autonomy may inherently
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increase their perceived overall mindfulness, leading to behaviors that are congruent with
their own experienced self.

Furthermore, as self-regulation requires explicit awareness [41], and as SDT treats
awareness as an essential aspect for the internalization of a self-determined regulation, we
additionally assume that mindfulness is directly related to autonomous motivation. For
example, while integrated regulation represents a form of highly autonomous motivation,
it requires self-reflection and the awareness to recognize if one’s own values and needs
reflect one’s actions [8]. Thus, mindfulness functions as a prerequisite to the awareness of
whether one is consistently acting with one’s authentic self [42] by being aware of external
circumstances, which may affect personal regulatory processes [43]. In their meta-analysis,
Donald and colleagues [44] obtained scientific evidence for this relationship, in the sense
that mindfulness was directly associated to intrinsic motivation and identified regulation.

Even if the conceptual alliance between SDT and mindfulness is substantial, available
scientific evidence with regard to how mindfulness may be integrated into the mechanisms
of SDT is scarce and generally lacking in the trans-contextual model. So far, existing research
has been limited to findings showing that awareness is related to self-regulation and
mindfulness, and, in turn, that self-reported mindfulness is associated with autonomous,
self-regulated behavior [44–46]. Given the promising nature of mindfulness in extending
SDT, the present study investigates how mindfulness complements the mechanisms of the
trans-contextual model. We therefore assume that the support of autonomy by the physical
education teacher in class will positively affect students’ self-reported mindfulness, which,
in turn, will positively affect their autonomous motivation (i.e., intrinsic motivation and
identified regulation) in both physical education and leisure-time-based physical activity.

As a particularity of the trans-contextual model, it has furthermore been found that an
increased autonomous motivation toward physical activity in leisure time is directly related
to subjective norms, perceived behavioral control, and attitude [1]. In accordance with
these findings, awareness, attention, and autonomous motivation are considered crucial for
an individual to monitor inner experiences and environmental factors in order to evaluate
the current situation as it is experienced [42]. In this sense, it is expected that mindfulness
might be directly related to the three antecedents of the intention to become physically
active, as proposed by the theory of planned behavior.

Importantly, the underlying concept of mindfulness considers awareness only inde-
pendently of the contents of the mind [47]. In contrast, however, the TPB suggests that
attitudes are crucial for the formation of a behavioral intention, which denotes a mental
state comprising moods, associations, expectations, and intentions. In contrast to Western
academic psychological definitions of mindfulness, including attitude [48], we agree with
Mikulas [47] that this addition could lead to confusion in the understanding and applica-
tion of mindfulness, as the concept of mindfulness primarily considers a non-judgmental
awareness in a given situation. In this sense, we believe that the concepts of attitudes and
mindfulness should be treated as distinct entities. Therefore, we assume that mindful-
ness has an impact on attitudes with regard to social behavior. For example, Langer and
colleagues [49] found that sixth graders without disabilities who participated in mindful-
ness training showed higher attendance rates and increased teammate choices of children
with disabilities. Objective self-awareness (e.g., self-awareness promoted through manip-
ulations such as mirrors or TV cameras), has additionally been found to be relevant for
attitude–behavior consistency [50].

Similarly, according to the concept of perceived behavioral control, Pagnini and col-
leagues [51] propose a framework to include mindfulness, as both concepts have similar
positive outcomes on physical health and psychological well-being. When individuals
are aware of their current situation, they can adapt to changes more quickly, resulting in
experiencing control. In their experimentally created mindfulness-inducing Rejection Be-
havioral Monitoring Technique, Perlmuter and Langer [52] furthermore found that control
could be effectively enhanced through focusing on rejected alternatives related to a specific
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activity. Accordingly, mindfulness has been found to positively affect perceived behavioral
control [41,53].

In contrast to perceived behavioral control and attitudes, research on the conceptual
integration of mindfulness to subjective norms is scarce. However, it has been found that
mindfulness is positively associated with expressing oneself in social situations through
engaging in empathic behavior, while at the same time leading to a decrease in social
anxiety [54]. Furthermore, mindfulness-based interventions improve prosocial responding
in both adults [55] and adolescents [56]. Thus, it is expected that mindfulness will be related
to the students’ perception of subjective norms due to an increased awareness.

Moreover, mindfulness has been found to moderate the relationship between intention
and physical activity in leisure time [57]. For instance, more mindful individuals were
better able to control the influences of counter-intentional habits and thoughts, perhaps due
to higher attention and awareness of their inner experiences and routines [57]. Therefore, an
indirect effect of mindfulness on intention and behavior is expected in the presented study.

As a particularity of the present study, it needs to be stressed that it is unique in
conceptually integrating mindfulness into the trans-contextual model. At the same time,
this study also represents an attempt to test the trans-contextual model on both self-
reported physical activity behavior and physiologically measured physical activity via
accelerometers. As self-report and physiological measures on physical activity show low to
moderate correlation values, it is of particular interest to include and compare the results
from both of these instruments of measurement [58].

1.4. The Present Study

Taken together, the present study aims at integrating the concept of mindfulness into
the trans-contextual model. As mindfulness-based intervention programs have proven
beneficial for students in class [35], and as the trans-contextual model provides evidence
for a better understanding of the contextual transfer of self-regulated behavior [5], we
assume that integrating mindfulness will provide an important conceptual benefit for
the trans-contextual model. Specifically, we expect that the support of autonomy by the
physical education teacher predicts mindfulness, while, at the same time, mindfulness
should positively predict autonomous motivation in physical education and leisure time.
Additionally, we hypothesize that mindfulness is positively related to attitude, subjective
norm, and perceived behavioral control. Finally, mindfulness is suspected to be indirectly
related to intention and both to self-reported and physiologically measured physical activity
behavior, mediated by attitude, subjective norm, and perceived behavioral control.

2. Methods
2.1. Participants

A total of 1877 students (M = 14.74 years old, SD = 2.63; 955 males (50.9%)) aged
between 10 and 23 years from nine primary and five secondary schools in Luxembourg
participated in this study (Please note that different parts of the dataset used in the present
study have also been investigated in other publications [6,59]. However, the dataset was
incorporated in the present study in order to address unique and different research ques-
tions, analyses, and findings). The 14 schools (134 classes) were selected randomly via
stratified sampling (i.e., controlling for the geographical regions; North, South, Center, East,
representing most schools in Luxembourg) by the SCRIPT (Service de Coordination de
la Recherche et de l’Innovation Pédagogiques et Technologiques), an entity of the Min-
istry of National Education, Childhood and Youth in Luxembourg. Overall, 382 students
(20.4%) attended elementary school (grades 5 and 6). Of the remaining students attend-
ing secondary school, 436 (23.2%) attended grade 7, while 522 (27.8%) attended grade
9, and 537 (28.6%) grade 11. In addition to self-report measurements and for analyzing
physical activity physiologically via accelerometers, 312 students of the total sample volun-
teered to also wear an accelerometer over seven consecutive days. Data from 240 students
(M = 13.50 years old, SD = 2.61; 104 males (43.3%)) ranging from 10 to 20 years from
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four primary and five secondary schools were included in the additional analyses of the
accelerometer measurements. The remaining students had to be excluded from the phys-
iologically measured physical activity data, as they did not provide valid accelerometer
measures from at least eight hours over four days including one weekend day [60].

2.2. Measures (Please Note That Several Items Were Used for the Study as Presented in Hutmacher
and Colleagues [60], but Are Listed Here in Detail for a thorough Understanding of the
Study Design)

The scales used in the present study (except for the mindfulness scale) have been
translated from English into French and German by two psychologists (using the back-
translation technique) [61].

2.3. Constructs of the Self-Determination Theory (SDT)

In order to assess the participants’ perceived need support for autonomy, competence,
and relatedness of the physical education teacher, overall, 16 items were used, based
on the study items of Standage and colleagues [62]. Responses to all items were pre-
ceded by the stem “in this physical education class . . . ” and rated on a seven-point scale
(1 = not agree at all, 7 = totally agree). Seven out of sixteen items were used for autonomy
support (α = .82; e.g., “the physical education teacher encourages me to ask questions”).
Four items were used for competence support (α = .83; e.g., “the physical education
teacher helps me to improve”), and five items for relatedness support (α = .81; e.g., “the
physical education teacher has respect for me”). Confirmatory factor analyses revealed
a good model fit for the three factors, χ2 = 1226.283; df = 101; p < .001; RMSEA = .077;
90% CI = [.073; .081]; SRMR = .04; CFI = .93; TLI = .91, with factor loadings ranging between
.46 and .77. The revised Perceived Locus of Causality Scale (PLOC-R) [63] was used to
measure the autonomous motivation in physical education. For the present study, students
answered two scales following the stem “I participate in physical education . . . ” using
a seven-point scale (1 = not agree at all, 7 = totally agree). Each subscale consists of four
items for identified regulation (α = .85; e.g., “Because it is important to me to do well in
physical education”) and intrinsic motivation (α = .82; e.g., “Because physical education is
exciting”). Good psychometric properties have been found for this instrument, as reported
in Hutmacher and colleagues [64]. The Behavioral Regulation in Exercise Questionnaire
(BREQ-II) [65] was used to assess the autonomous motivation in leisure time. Students pro-
vided their answers on a seven-point scale (1 = not agree at all, 7 = totally agree). Only the
subscales of identified regulation (α = .76; e.g., “It’s important to me to exercise regularly”)
and intrinsic motivation (α = .87; e.g., “I enjoy my exercise sessions”), each comprising four
items, were used in the present study. Good psychometric properties have been obtained
for this questionnaire (please see Hutmacher and colleagues [64]).

2.4. Constructs of the Theory of Planned Behavior (TPB)

The present study used 16 items from Hagger and colleagues [1], which were created
according to the procedure proposed by Ajzen and Madden [66]. The attitude to physical
activity (α = .90) was measured with seven bipolar adjectives (e.g., harmful–beneficial) that
were introduced by “I find being physically active in my free time for at least 60 min a
day...”. All adjectives were rated on a seven-point semantic differential scale, with higher
values representing the positive adjective. The perceived behavioral control (self-assessed
ability) of students to regularly be physically active in their free time was recorded using
three items (α = .77). Two items (e.g., “I have full control over whether I am active in my
free time for at least 60 min a day”) were rated on a seven-point scale (1 = not agree at
all, 7 = totally agree). The item “How much control do you have about being physically
active in your free time for at least 60 min a day” was rated on a seven-point scale from one
(“no control at all”) to seven (“complete control”). To assess the subjective norm, three items
based on the injunctive norm (e.g., “People who are important to me encourage me to be
physically active in my free time”) were used. These items showed an internal consistency
of α = .72 and were rated on a seven-point scale (1 = not agree at all, 7 = totally agree). Two
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items were used to measure the intention to become physically active (α = .79). The first
item, “I intend to be physically active for at least 60 min a day for the next 5 weeks”, was
rated on a seven-point Likert scale (1 = not agree at all, 7 = totally agree), whereas students
answered “I intend to be physically active for at least 60 min a day with the following
regularity” on an eight-point Likert scale (0 = never, 7 = daily).

2.5. Mindfulness

The fourteen-item short form of the Freiburg Mindfulness Inventory (FMI) [67], as well
as the French translated version [68] were used (answers were indicated on a seven-point
scale with 1 = not agree at all and 7 = totally agree). The mindfulness scale (e.g., “I see my
mistakes and difficulties without judging them”) showed an internal consistency of α = .82.

2.6. Self-Report and Physiological Measurement of Physical Activity

The self-reported physical activity behavior during leisure time was assessed via a
single item, “On how many days of a regular week are you physically active for at least
60 min?” on an eight-point scale (from 0 = never, to 7 = on each day). In order to assess
the physiological physical activity, the accelerometer ActiGraph wGT3X-BT was used to
measure the acceleration of the body in different spatial dimensions. Research has shown
the good reliability and validity of this apparatus [69]. Please note that only the physical
activity measured in the out-of-school context was used for the construct of physiological
physical activity in subsequent analyses. In order to analyze the physiological physical
activity (please refer to Section 2.8), the height of the students was taken via a measuring
tape and their weight via a pair of scales.

2.7. Procedure

Data were collected over the course of about two months and digitally entered via
self-reported questionnaires using the secured platform OASYS [70] from the University
of Luxembourg during the first trimester of the participants’ school year in autumn. The
self-reported scales were filled out in class on a computer or tablet under the continuous
supervision of trained research assistants. Due to this digital testing approach, no missing
data need to be reported, because the students were unable to complete the questionnaire
if they had missed an item. The duration of questionnaire completion varied between 30
and 50 min, depending on the age of the students. All students whose physical activity
was additionally measured physiologically, individually received detailed information
about the accelerometer by trained personnel at school and during a school lesson. Each
accelerometer was previously initialized at a 30 HZ frequency. Students were instructed
to wear the accelerometer on the right hip for seven consecutive days. They were told
to wear the accelerometer anytime while being awake, except for water-based activities.
Additionally, participants’ height and weight were measured to further analyze the physical
activity rates. After one week, the accelerometers were returned in class and potential
ambiguities were clarified. All participants signed informed consent forms. Additional
written permission was required from the legal representative of the participants younger
than 16 years. Ethical approval was provided by the Ethics Review Panel of the University
of Luxembourg.

2.8. Data Processing and Analysis

The ‘Statistical Package for the Social Sciences’ (SPSS; 25th version) software [71] was
used for data transformation and descriptive analyses. IBM SPSS Amos 26 was used to
perform the confirmatory factor analyses and path models. The univariate and multivariate
distributions of the items and the scales were verified. The internal reliability and factorial
structure revealed good psychometric properties. A minimum value of .40 was accepted
for factor loadings [72]. Items belonging to a joint subscale were averaged for the use in
correlation and path analyses. Inter-correlations (Pearson’s r and point-biserial correlations
as effect sizes) were analyzed between the different scales. Model fit was evaluated, and a
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reasonable fit was accepted for the root mean squared error of approximation (RMSEA ≤ .08),
its 90% confidence interval (CI), the standardized root mean square residual (SRMR ≤ .12),
comparative fit index (CFI ≥ .90), and Tucker–Lewis index (TLI ≥ .90), as described by
Hu and Bentler [73]. Good model fit cutoffs were considered as RMSEA ≤ .06, SRMS ≤ .08,
CFI ≥ .95, and TLI ≥ .95 [74]. Given the sensitivity of the χ2–statistics to sample size, model
fit assessment was primarily based on the remaining fit indices. According to the cut-off
value criterion of Cheung and Rensvold [75], model comparisons were based on a ∆CFI
(change in the Comparative Fit Index), representing a statistically significant model fit
difference when ∆CFI > .01.

Accelerometer data were processed and analyzed using the software ActiLife v6.13.4
(Actigraph Inc., Pensacola, FL, USA). In order to generate the students’ average time spent
in moderate to vigorous physical activity (MVPA) per day, the threshold counts from the
calibration study by Evenson and colleagues [76] were used for the students from 10 to
18 years, and the threshold counts by Troiano and colleagues [77] for the students older
than 18 years. The algorithm by Choi and colleagues [78] was used to identify the time
spent not wearing the accelerometer.

3. Results

Referring to Table 1, the different correlation coefficients of the measured scales were
found to load in the expected way, according to the theory of the trans-contextual model [5].
Similar scales correlated higher, as, for example, the three scales of the students’ perceived
psychological need support of the physical education teacher (each r = .82). Furthermore,
autonomous motivation in the context of physical education significantly and positively
correlated with autonomous motivation in the leisure time context (r = .59). According
to the theory of planned behavior [4], and as expected, attitude, subjective norm, and
perceived behavioral control were positively related to the intention to be physically active,
which, in turn, was positively related to both self-reported and physiologically measured
physical activity. Mindfulness was positively and significantly related to all measured
variables of the trans-contextual model. Participants reported an average of M = 3.20
(SD = 1.97) days of at least 60 min of MVPA per week. Overall, 8.3% of the adolescents
reported being physically active for at least 60 min every day. The 240 students whose
physical activity rates were also physiologically measured via accelerometers showed
an average of M = 47.47 (SD = 19.60) minutes per day in moderate to vigorous physical
activity (MVPA).

Table 1. Descriptive statistics and correlation matrix of the study variables.

M SD 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.

1. Relatedness Support 5.34 1.13 –
2. Autonomy Support 4.97 1.10 .82 * –
3. Competence
Support 5.35 1.21 .82 * .82 * –

4. Autonomous
Motivation (PE) 5.12 1.31 .50 * .53 * .54 * –

5. Autonomous
Motivation (LT) 5.18 1.29 .38 * .39 * .41 * .59 * –

6. Attitude 5.63 1.23 .23 * .24 * .25 * .39 * .50 * –
7. Subjective Norm 4.04 1.41 .20 * .25 * .21 * .25 * .24 * .18 * –
8. Perceived
Behavioral Control 5.23 1.37 .30 * .31 * .31 * .33 * .47 * .39 * .23 * –

9. Intention 4.25 1.66 .26 * .27 * .28 * .39 * .61 * .48 * .23 * .54 * –
10. Self-report Physical
Activity 3.20 1.97 .17 * .17 * .19 * .23 * .44 * .34 * .10 * .39 * .60 * –

11. Physiological
Physical Activity a 47.47 19.60 −.01 −.01 −.04 .12 .22 * .16 * .14 * .16 * .33 * .31 * –

12. Mindfulness 4.66 .90 .40 * .46 * .41 * .44 * .47 * .29 * .34 * .41 * .34 * .21 * .14 * –

Note. * p < .05; PE = Physical education context; LT = Leisure time context. a sample size for the correlations of
physiological physical activity (MVPA in minutes per day) and other variables was n = 240, all other correlations
were performed with a sample size of N = 1877.
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In order to test the different assumptions, four different path models were conducted.
First, the basic model akin to the trans-contextual model was tested as Model 1a and
revealed an acceptable model fit (please refer to Table 2 for all model fit indices of the four
different path models.

Table 2. Model fit indices of the four path models.

N df χ2 RMSEA RMSEA
90% SRMR CFI TLI

Model 1a without mindfulness 1877 29 338.519 * .075 [.068; .083] .073 .968 .950
Model 1b with mindfulness 1877 29 210.951 * .058 [.051; .065] .038 .983 .967
Model 2a without mindfulness 240 36 86.279 * .076 [.056; .097] .087 .959 .937
Model 2b with mindfulness 240 36 66.478 * .060 [.036; .082] .061 .977 .958

Note. * p < .05.

The assumptions of the trans-contextual model were found as presented in Figure 1.
However, beyond the assumption of the trans-contextual model, and in accordance with
the SDT, competence support in physical education was, next to autonomy support, also
significantly positively related to autonomous motivation in physical education. Never-
theless, for relatedness support, the expected positive relation to autonomous motivation
in physical education turned out to be statistically insignificant (p > .05). Furthermore,
autonomous motivation in physical education was positively related to autonomous moti-
vation in leisure time, which, in turn, predicted attitude, subjective norm, and perceived
behavioral control. Furthermore, perceived behavioral control was directly associated with
self-report physical activity. However, this relationship was partially mediated by intention.
Overall, Model 1a explained a considerable proportion of variance in all seven outcomes:
autonomous motivation in physical education (R2 = .32), autonomous motivation in leisure
time (R2 = .35), attitude (R2 = .25), subjective norm (R2 = .06), perceived behavioral control
(R2 = .23), intention (R2 = .47), and self-report physical activity (R2 = .36).
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Secondly, as a further purpose of the present study, mindfulness was integrated into
the trans-contextual model (Model 1b). Table 2 illustrates that additionally including mind-
fulness improved the fit of Model 1b, compared to Model 1a (p < .05; ∆CFI > .01). However,
only the basic need for autonomy support was a significant and positive predictor of mind-
fulness, while both autonomy support and competence support were positive predictors
for autonomous motivation in physical education (p < .05; please refer to Figure 2). Notably,
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relatedness support failed to predict both autonomous motivation in physical education
and mindfulness. Autonomous motivation in physical education was, as expected, a
positive predictor for autonomous motivation in leisure time. Furthermore, as expected,
autonomous motivation in leisure time was significantly positively related to the constructs
of the theory of planned behavior, namely attitude, subjective norm, perceived behavioral
control, and intention. Hence, the three constructs attitude, subjective norm, and perceived
behavioral control represented partial mediators for the relationship between students’
autonomous motivation in leisure time and their intention to become physically active.
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Furthermore, mindfulness was significantly positively related to autonomous moti-
vation in physical education, autonomous motivation in leisure time, attitude, subjective
norm, and perceived behavioral control (p < .05). Furthermore, autonomy support was
directly related to mindfulness. As expected, mindfulness was neither directly related to
intention nor to actual self-reported physical activity behavior. However, further serial
mediation path analyses revealed that, as expected, mindfulness was indirectly related to
the self-reported physical activity via attitude [subjective norm, and perceived behavioral
control] and intention (βattitude = .01; p < .01; βnorm = .01; p < .01; βcontrol = .04; p < .01).
Overall, Model 1b explained a considerable proportion of variance in all eight outcomes:
autonomous motivation in physical education (R2 = .36), autonomous motivation in leisure
time (R2 = .40), attitude (R2 = .26), subjective norm (R2 = .12), perceived behavioral control
(R2 = .27), intention (R2 = .47), self-reported physical activity (R2 = .36), and mindfulness
(R2 = .22).

In order to investigate the proposed assumptions beyond exclusive self-reporting
measures, the inclusion of mindfulness into the trans-contextual model with physiologi-
cally measured physical activity is presented in Model 2b (Figure 3). Model 2a (without
mindfulness) showed an acceptable model fit (please refer to Table 2), while Model 2b
(additionally including mindfulness) showed a significantly improved and good model
fit (p < .05; ∆CFI > .01). The results were comparable to those distinguishing Model 1a
from Model 1b. Nevertheless, autonomy support, representing the first assumption of the
trans-contextual model, was not significantly related to autonomous motivation in physical
education in Model 2b. However, autonomy support significantly predicted mindfulness.
For autonomous motivation in physical education, competence support was the only statis-
tically significant predictor. Furthermore, as a second assumption of the trans-contextual
model, autonomous motivation in physical education was positively related to autonomous
motivation in leisure time. Autonomous motivation in leisure time, in turn, positively
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predicted attitude and perceived behavioral control, but not subjective norm. Except for
the insignificant direct relation of perceived behavioral control and physical activity, all
assumptions of the theory of planned behavior were confirmed. Attitude, subjective norm,
and perceived behavioral control were directly related to intention, which, in turn, was
directly related to self-report, as well as to the physiologically measured physical activity
(MVPA per day).
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Additionally, mindfulness was positively related to autonomous motivation in physi-
cal education and to autonomous motivation in leisure time, as well as to attitude, subjective
norm, and perceived behavioral control. Consistent with Model 1b, mindfulness was, as
expected, neither directly related to intention nor to physiological nor to self-reported
physical activity. Nevertheless, mindfulness showed a significant indirect relation to physi-
ological physical activity via attitude (subjective norm, and perceived behavioral control)
and intention (βattitude = .01; p < .05; βnorm = .01; p < .01; βcontrol = .04; p < .01). Overall,
Model 2b explained a considerable proportion of variance in all nine outcomes: autonomous
motivation in physical education (R2 = .32), autonomous motivation in leisure time (R2 = .40),
attitude (R2 = .12), subjective norm (R2 = .09), perceived behavioral control (R2 = .38),
intention (R2 = .54), self-reported physical activity (R2 = .47), physiological physical activity
(R2 = .11), and mindfulness (R2 = .14).

4. Discussion

As ideally ensuring the life-long learning of students represents a fundamental aim of
education, the trans-contextual model [5] addresses this question, stating that autonomous
motivation in school is transferred towards autonomous motivation in an out-of-school
context, which is a key aspect in increasing overall physical activity rates in students
both in and out of the schoolyard. In this sense, the aim of the present study was to
verify if mindfulness, a concept which was found to be beneficial in education [38] can be
conceptually integrated in the trans-contextual model, given the existing indications that
mindfulness is related to the respective individual concepts of the model [44]. In this regard,
the key question analyzed in the present study was whether the integration of mindfulness
could improve the model fit of the trans-contextual model (i.e., whether mindfulness
represents a beneficial concept to be implemented in schools in order to increase students’
overall physical activity rates).



Int. J. Environ. Res. Public Health 2022, 19, 12999 12 of 19

4.1. Relationship between Mindfulness and SDT in the Trans-Contextual Model

Overall, our findings were in line with the assumptions of the trans-contextual model
(please refer to Model 1a). However, in extension to the postulation that autonomy support
directly influences autonomous motivation in physical education, we obtained mixed
findings. In Model 1a, without mindfulness, we found competence support as well as
autonomy support to exert a positive and significant direct influence, while the contri-
bution of relatedness support was statistically insignificant. In line with the findings of
Hagger and Chatzisarantis [5], autonomy support (e.g., enabling the students to choose an
activity) proved to be important in the educational context in order to promote students’
autonomous motivation (Model 1a and 1b). However, in Model 2b (including mindful-
ness and physiological physical activity), the relationship between autonomy support and
autonomous motivation remained statistically insignificant. On the other hand, and in
congruence with Kiemer and colleagues [79], we found that competence support (e.g.,
providing individual goals) served as an important predictor for students’ autonomous
motivation in school throughout all statistical models. The relationship between compe-
tence support and autonomous motivation was consistently statistically significant in all
models with higher standardized path coefficients than autonomy support.

Furthermore, we were able to replicate the trans-contextual path between autonomous
motivation in physical education and out-of-school autonomous motivation in leisure
time. These results confirm that motivational regulation is transferable toward similar
activities in different contexts [3]. Additionally, these findings highlight the importance of
the motivational climate in the educational context, as teachers’ encouragement toward
enhancing students’ autonomous motivation during physical education is likely to persist
in leisure over time [6].

When specifically considering the association between mindfulness and basic need
support, as well as the one between mindfulness and motivation, we found that solely stu-
dents’ perceived autonomy support of the physical education teacher was positively related
to their self-reported mindfulness. In this sense, we provided the first scientific indications
that autonomy support is not only important to enhance the internalization of a behavior,
thereby promoting autonomous behavior, but that the perceived autonomy support by the
teacher is also positively related to mindfulness in students. This relationship was even
found to transcend the path between autonomy support and autonomous motivation in
physical education when referring to Model 2b, where physical activity was measured
physiologically. Thus, mindfulness served as a full mediator between autonomy support
and autonomous motivation. These results imply that teachers who enhance the autonomy
of students’ self-regulated behavior, for instance by providing a choice of activities or
encouraging them to ask questions, and ensuring they understand the goals of a given
exercise, will foster students’ everyday life awareness that is, overall, non-judgmental (i.e.,
demonstrates mindfulness) [43].

In turn, higher mindfulness levels were found to be positively associated with the au-
tonomous motivation of students not only in the context of physical education, but also for
leisure time. The present results therefore confirm our assumption that a greater awareness
of one’s values and goals will positively affect mindfulness to engage in autonomously
motivated behaviors through the fulfillment of one’s need for autonomy. In this sense,
mindfulness may promote engagement in self-regulated behaviors, that is, behavior that is
congruent with one’s ‘true self’ and values (i.e., an autonomously motivated behavior) [42].
Thus, our results further underline the importance of promoting mindfulness in physical
education, particularly in order to strengthen students’ awareness of their own values and
goals to foster their internalization of behavior [80].

Interestingly, students’ perceived competence and relatedness support from the physi-
cal education teacher were not directly related to perceived mindfulness. As the support
of both relatedness (i.e., fostering a feeling of respect and kindness) and competence
significantly correlated with mindfulness (see Table 1), we infer that, in light of the trans-
contextual model, our results further underline the key importance of autonomy for be-
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coming aware of one’s own values and goals, in order to become autonomously motivated.
Moreover, competence support seems to be a key factor in directly improving autonomous
motivation, irrespective of mindfulness. In other words, competence support may foster
autonomous regulation, but it may not necessarily increase students’ overall awareness of
non-judgmentally being present in the moment.

4.2. Relationship between Mindfulness, SDT and TPB in the Trans-Contextual Model

Autonomous motivation in leisure time was directly related to attitude, subjective
norm, and perceived behavioral control, which, in turn, positively predicted self-reported
physical activity, mediated by intention. These findings support the assumptions of the
trans-contextual model [1]. Put differently, autonomous motivation had a positive impact
on the crucial components for the formation of a behavioral intention. Regarding the
influence of autonomous motivation on subjective norm, we obtained mixed findings. In
Model 1a and 1b, a small but significant positive effect was found. It needs to be stated
that there is a disagreement in the scientific literature, as some scholars do not presume
an association between the perceived subjective norm, representing a concept of social
pressures, and autonomous motivation [81]. In contrast, several studies have presented
evidence for a significant positive path between these two constructs [5]. The positive
relationship between autonomous motivation and subjective norm found in some of our
models might be interpreted as the respect or recognition of the wishes of the significant
others as supportive or in accordance with self-endorsed values. In Model 1b, compared to
Model 1a, however, the path coefficient decreased when adding mindfulness, and turned
statistically insignificant in Model 2b.

4.3. Relationship between Mindfulness and TPB in the Trans-Contextual Model

In accordance with the theory of planned behavior, attitude, subjective norm, and
perceived behavioral control were positively related to intention, which, in turn, positively
affected actual physical activity behavior. With regard to the inclusion of mindfulness, our
assumptions were met. Mindfulness was positively related to attitude, subjective norm,
and perceived behavioral control. These results further underline the significant relation-
ship between a higher situational awareness and the formation of an attitude toward a
behavior. Notably, self-awareness has already been found to be relevant for achieving
attitude–behavior consistency [50]. Similarly, mindfulness was positively related to per-
ceived behavioral control. Apparently, if people are aware of their current situation, they
may adapt to changes or challenges more quickly, leading to an experience of control [51].
Furthermore, our results support the assumption that mindfulness would be positively
associated to subjective norm. In this sense, a greater overall awareness is likely to si-
multaneously increase the awareness of social norms and/or the pressures of significant
others [54], which may eventually lead to prosocial responding [56]. Additionally, our as-
sumption that mindfulness would neither directly affect intention nor actual behavior [57]
could be confirmed. Our results indicate that the serial mediation paths of mindfulness on
attitude, perceived behavioral control, and subjective norm on intention, and, finally, on
actual physical activity behavior, were significant.

A particular strength of the present study is the fact that our assumptions were not
only met for the self-reported measure of physical activity, but also for physiologically
measured physical activity. As expected, self-reported and physiologically measured phys-
ical activity generally did not correlate to a great extent (r = .31 in our study; comparable
to the results of Hagstromer and colleagues [58]), especially when considering that both
variables were measuring the same construct. Nevertheless, our proposed model including
mindfulness into the trans-contextual model could be confirmed for both constructs, which
further strengthens the trans-contextual model. As our mindfulness-including Models 1b
and 2b revealed an improved overall model fit, compared to their counterparts without
mindfulness, this further highlights the importance of our suggestion to take into account
the beneficial role of mindfulness in the educational context.
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4.4. Implications for Education

Our results suggest that autonomy support is not only an important factor to foster
autonomous motivation, but also to support the development and maintenance of mind-
fulness. As the process of internalizing a healthy behavioral regulation requires cognitive
mechanisms such as, for example, awareness [43], the present results underline that mind-
fulness is directly related to autonomous motivation. In this sense, a non-judgmental
awareness of the present moment may increase a more objective view of one’s own be-
havior and values, which, through self-reflection, helps to bring values and needs into
congruence with one’s actual behavior. Thus, mindfulness is crucial in order to be aware if
one is consistently acting with one’s authentic self [43]. In sum, based on our overarching
conceptual findings that mindfulness is related to motivation both in school and beyond
the educational setting, this specifically stresses our recommendation to implement such
interventions aimed at fostering mindfulness in schools on a large scale.

With regard to practical examples for implementing mindfulness in education, as
described, for instance, in Saltzman and Goldin [82], adequate mindfulness exercises (e.g.,
breathing exercises, the 5-4-3-2-1 exercise, a short a priori mindfulness reflection on “what
is my personal goal for today?”, or body scan, etc.), ought to be made available to students,
as they result in increased mindfulness rates, while simultaneously being experienced as
meaningful for their everyday life. Ultimately, mindfulness-based interventions in schools
represent promising tools, particularly for improving cognitive performance as well as
students’ resilience in the face of stress [38].

4.5. Limitations and Suggestions for Future Research

One limitation of the present study is that, at the time of the data collection period,
no questionnaire to assess the students’ three distinct constructs of basic need support
had been empirically validated and published. However, we found good psychometric
properties using and adapting the scales by Standage and colleagues [62]. In relation to
this, in the present extensive study, the number of items for each scale was considerably
low. Nevertheless, all scales showed a good reliability and a larger questionnaire would
have been unreasonably time consuming for the children, and difficult to complete in
one session.

With regard to the mindfulness scale, the FMI [67] was used. However, it needs
to be noted that, usually, the Mindfulness and Attention Awareness Scale (MAAS) [42]
has been used in order to analyze the relationship between autonomous motivation and
mindfulness. The MAAS differs from the FMI insofar as it focuses solely on (self-) attention
and awareness, with exclusively negatively formulated “mindlessness” items (e.g., “I rush
through activities without being really attentive to them”) [83]. The FMI is, similar to
the MAAS, a unidimensional scale. However, it includes a more Buddhistic approach to
measuring mindfulness, thereby exceeding the MAAS in the aspects of “non-judgement,
accepting attitude, dis-identification, insightful understanding, or an attitude of having no
specific goals” [67] (p. 1545). Both instruments were found to be reliable and valid [42,83];
however, in order to analyze mindfulness (and not mindlessness) in light of the non-
judgmental awareness of the present moment, the FMI was used in the present study,
which proved to be related to autonomous motivation in the physical education and leisure
time context.

In addition, the complete autonomous motivational regulation scale of SDT [7] could
not be addressed. The integrated regulation subscale that represents the most internal
motivational regulation of the extrinsic motivation continuum is considered to be very
similar to intrinsic motivation, as the internal values of the behavior in question are defined
as being completely integrated into the sense of self and wholly volitionally performed [84].
As an integrated motivation form may exert a differentiated role within the trans-contextual
model, it should be inclusively measured in future studies. In particular, as integrated reg-
ulation requires self-reflection and awareness to integrate personal values [8], mindfulness
may play a specific role regarding this motivational regulation type. However, to the best
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knowledge of the authors, the scale in question had not yet been empirically validated for
the physical education context at the time of data collection.

A further limitation of the present study and suggestion for future research would be
to investigate an extension of the trans-contextual model beyond the context of physical
education, in order to verify the impact of mindfulness at a more general educational
level. Finally, as we provide a first indication that mindfulness can be integrated into the
trans-contextual model, we suggest that upcoming research should focus on longitudinal
or intervention studies in education, in order to confirm the supposed directions of the
path models.

5. Conclusions

In conclusion, we obtained profound scientific results indicating that mindfulness
is applicable to the trans-contextual model and that it provides an important tool for
targeted interventions to be implemented in class. More specifically, mindfulness was
significantly predicted by the teacher’s support of autonomy and directly related not only
to autonomous motivation in school, but also to the students’ autonomous motivation
in leisure time. Furthermore, mindfulness appeared to be directly related to the basic
cognitive concepts of the theory of planned behavior, indicating that mindfulness is indi-
rectly related to actual behavior, mediated by the attitude toward the specific behavior, as
well as by perceived behavioral control. The present study thereby replicates and extends
the findings of the trans-contextual model not only based on self-report measures, but
also using physiologically measured physical activity. As mindfulness has proven to be
an important extension of this model for both self-reported and physiologically assessed
physical activity behavior, we strongly recommend that interventions aimed at fostering
students’ mindfulness receive greater attention in educational settings. Ultimately, in
coming back to the initial question that addressed the need for education to also exert a
significant influence on students’ everyday life health behaviors, our results suggest that
mindfulness is an important aspect that substantially extends the trans-contextual model.
Thus, mindfulness serves as a promising exemplary competence for the desired further
encouragement of knowledge and beneficial skills learned in school to become integral
parts of the everyday lives of students.

Author Contributions: Conceptualization, D.H., M.E. and G.S.; methodology, D.H., M.E. and G.S.;
software, D.H. and M.E.; validation, D.H., M.E., A.B., A.M. and G.S.; formal analysis, D.H. and M.E.;
investigation, D.H.; resources, A.B. and G.S.; data curation, D.H. and M.E.; writing—original draft
preparation, D.H.; writing—review and editing, D.H., M.E., A.B., A.M. and G.S.; visualization, D.H.;
supervision, A.B., G.S. and A.M.; project administration, A.B. and G.S.; funding acquisition, A.B. and
G.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the University of Luxembourg [Internal Research Projects],
grant number Physical Activity Behavior of Children and Youth in Luxembourg: The Role of Physical
Education [IRP17-PALUX].

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of the Ethics
Review Panel of the University of Luxembourg (ERP 18-025; 31.05.2018).

Informed Consent Statement: Informed consent was obtained from all subjects, or their legal repre-
sentatives, involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: We thank all the schools, teachers and children who participated in the study.
We also thank the SCRIPT (Service de Coordination de la Recherche et de l’Innovation pédagogiques
et technologiques) and the APEP (Association des Professeurs d’Éducation Physique a.s.b.l.) for
assistance in organizing this project.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2022, 19, 12999 16 of 19

References
1. Hagger, M.S.; Chatzisarantis, N.L.; Culverhouse, T.; Biddle, S.J. The processes by which perceived autonomy support in physical

education promotes leisure-time physical activity intentions and behavior: A trans-contextual model. J. Educ. Psychol. 2003,
95, 784. [CrossRef]

2. Deci, E.L.; Ryan, R.M. Intrinsic Motivation and Self-Determination in Human Behavior; Plenum Press: New York, NY, USA, 1985.
3. Vallerand, R.J. Deci and Ryan’s self-determination theory: A view from the hierarchical model of intrinsic and extrinsic motivation.

Psychol. Inq. 2000, 11, 312–318.
4. Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179–211. [CrossRef]
5. Hagger, M.S.; Chatzisarantis, N.L. The trans-contextual model of autonomous motivation in education: Conceptual and empirical

issues and meta-analysis. Rev. Educ. Res. 2016, 86, 360–407. [CrossRef]
6. Hutmacher, D.; Eckelt, M.; Bund, A.; Steffgen, G. Does motivation in physical education have an impact on out-of-school physical

activity over time? A longitudinal approach. Int. J. Environ. Res. Public Health 2020, 17, 7258. [CrossRef]
7. Deci, E.L.; Ryan, R.M. The "What" and "Why" of Goal Pursuits: Human Needs and the Self-Determination of Behavior. Psychol.

Inq. 2000, 11, 227–268. [CrossRef]
8. Ryan, R.M.; Deci, E.L. Intrinsic and extrinsic motivations: Classic definitions and new directions. Contemp. Educ. Psychol. 2000, 25,

54–67. [CrossRef]
9. Behzadnia, B.; Adachi, P.J.; Deci, E.L.; Mohammadzadeh, H. Associations between students’ perceptions of physical education

teachers’ interpersonal styles and students’ wellness, knowledge, performance, and intentions to persist at physical activity: A
self- determination theory approach. Psychol. Sport Exerc. 2018, 39, 10–19. [CrossRef]

10. Froiland, J.M.; Oros, E.; Smith, L.; Hirchert, T. Intrinsic motivation to learn: The nexus between psychological health and academic
success. Contemp. Sch. Psychol. 2012, 16, 91–100. [CrossRef]

11. Taylor, G.; Jungert, T.; Mageau, G.A.; Schattke, K.; Dedic, H.; Rosenfield, S.; Koestner, R. A self-determination theory approach
to predicting school achievement over time: The unique role of intrinsic motivation. Contemp. Educ. Psychol. 2014, 39, 342–358.
[CrossRef]

12. Barkoukis, V.; Hagger, M.S.; Lambropoulos, G.; Tsorbatzoudis, H. Extending the trans-contextual model in physical education
and leisure-time contexts: Examining the role of basic psychological need satisfaction. Br. J. Educ. Psychol. 2010, 80, 647–670.
[CrossRef]

13. Cheon, S.H.; Reeve, J.; Song, Y.-G. Recommending goals and supporting needs: An intervention to help physical education
teachers communicate their expectations while supporting students’ psychological needs. Psychol. Sport Exerc. 2019, 41, 107–118.
[CrossRef]

14. Jang, H.; Reeve, J.; Halusic, M. A new autonomy-supportive way of teaching that increases conceptual learning: Teaching in
students’ preferred ways. J. Exp. Educ. 2016, 84, 686–701. [CrossRef]

15. Ajzen, I. Perceived behavioral control, self-efficacy, locus of control, and the theory of planned behavior. J. Appl. Soc. Psychol.
2002, 32, 665–683. [CrossRef]

16. Rhodes, R.E.; Courneya, K.S. Threshold assessment of attitude, subjective norm, and perceived behavioral control for predicting
exercise intention and behavior. Psychol. Sport Exerc. 2005, 6, 349–361. [CrossRef]

17. Li, A.S.W.; Figg, G.; Schüz, B. Socioeconomic status and the prediction of health promoting dietary behaviours: A systematic
review and Meta-analysis based on the theory of planned behaviour. Appl. Psychol. Health Well-Being 2019, 11, 382–406. [CrossRef]

18. Opoku, M.P.; Cuskelly, M.; Pedersen, S.J.; Rayner, C.S. Applying the theory of planned behaviour in assessments of teachers’
intentions towards practicing inclusive education: A scoping review. Eur. J. Spec. Needs Educ. 2020, 36, 1–16. [CrossRef]

19. Schüz, B.; Li, A.S.W.; Hardinge, A.; McEachan, R.R.; Conner, M. Socioeconomic status as a moderator between social cognitions
and physical activity: Systematic review and meta-analysis based on the Theory of Planned Behavior. Psychol. Sport Exerc. 2017,
30, 186–195. [CrossRef]

20. Armitage, C.J.; Conner, M. Efficacy of the theory of planned behaviour: A meta-analytic review. Br. J. Soc. Psychol. 2001, 40,
471–499. [CrossRef]

21. Hagger, M.; Chatzisarantis, N.; Biddle, S. A meta-analytic review of the theories of reasoned action and planned behavior in
physical activity: Predictive validity and the contribution of additional variables. J. Sport Exerc. Psychol. 2002, 24, 3–32. [CrossRef]

22. Rhodes, R.E.; de Bruijn, G.J. How big is the physical activity intention–behaviour gap? A meta-analysis using the action control
framework. Br. J. Health Psychol. 2013, 18, 296–309. [CrossRef]

23. Aarts, H.; Dijksterhuis, A. Habits as knowledge structures: Automaticity in goal-directed behavior. J. Personal. Soc. Psychol. 2000,
78, 53. [CrossRef]

24. Hagger, M.S. Habit and physical activity: Theoretical advances, practical implications, and agenda for future research. Psychol.
Sport Exerc. 2019, 42, 118–129. [CrossRef]

25. Phillips, L.A.; Gardner, B. Habitual exercise instigation (vs. execution) predicts healthy adults’ exercise frequency. Health Psychol.
2016, 35, 69. [CrossRef]

26. Wiegand, M.A.; Troyer, A.K.; Gojmerac, C.; Murphy, K.J. Facilitating change in health-related behaviors and intentions: A
randomized controlled trial of a multidimensional memory program for older adults. Aging Ment. Health 2013, 17, 806–815.
[CrossRef]

27. Kabat-Zinn, J. Wherever You Go, There You Are: Mindfulness Meditation for Everyday Life; Hyperion: New York, NY, USA, 1994.

http://doi.org/10.1037/0022-0663.95.4.784
http://doi.org/10.1016/0749-5978(91)90020-T
http://doi.org/10.3102/0034654315585005
http://doi.org/10.3390/ijerph17197258
http://doi.org/10.1207/S15327965PLI1104_01
http://doi.org/10.1006/ceps.1999.1020
http://doi.org/10.1016/j.psychsport.2018.07.003
http://doi.org/10.1007/BF03340978
http://doi.org/10.1016/j.cedpsych.2014.08.002
http://doi.org/10.1348/000709910X487023
http://doi.org/10.1016/j.psychsport.2018.12.008
http://doi.org/10.1080/00220973.2015.1083522
http://doi.org/10.1111/j.1559-1816.2002.tb00236.x
http://doi.org/10.1016/j.psychsport.2004.04.002
http://doi.org/10.1111/aphw.12154
http://doi.org/10.1080/08856257.2020.1779979
http://doi.org/10.1016/j.psychsport.2017.03.004
http://doi.org/10.1348/014466601164939
http://doi.org/10.1123/jsep.24.1.3
http://doi.org/10.1111/bjhp.12032
http://doi.org/10.1037/0022-3514.78.1.53
http://doi.org/10.1016/j.psychsport.2018.12.007
http://doi.org/10.1037/hea0000249
http://doi.org/10.1080/13607863.2013.789000


Int. J. Environ. Res. Public Health 2022, 19, 12999 17 of 19

28. Kabat-Zinn, J. Mindfulness-based interventions in context: Past, present, and future. Clin. Psychol. Sci. Pract. 2003, 10, 144–156.
[CrossRef]

29. Bauer, C.C.C.; Caballero, C.; Scherer, E.; West, M.R.; Mrazek, M.D.; Phillips, D.T.; Whitfield-Gabrieli, S.; Gabrieli, J.D.E. Mindful-
ness training reduces stress and amygdala reactivity to fearful faces in middle-school children. Behav. Neurosci. 2019, 133, 569–585.
[CrossRef]

30. McKeering, P.; Hwang, Y.S. A systematic review of mindfulness-based school interventions with early adolescents. Mindfulness
2019, 10, 593–610. [CrossRef]

31. Roeser, R.W. Processes of teaching, learning, and transfer in mindfulness-based interventions (MBIs) for teachers: A contemplative
educational perspective. In Handbook of Mindfulness in Education; Springer: New York, NY, USA, 2016; pp. 149–170.

32. Schonert-Reichl, K.A.; Lawlor, M.S. The effects of a mindfulness-based education program on pre-and early adolescents’ well-
being and social and emotional competence. Mindfulness 2010, 1, 137–151. [CrossRef]

33. Meiklejohn, J.; Phillips, C.; Freedman, M.L.; Griffin, M.L.; Biegel, G.; Roach, A.; Frank, J.; Burke, C.; Pinger, L.; Soloway, G.; et al.
Integrating mindfulness training into K-12 education: Fostering the resilience of teachers and students. Mindfulness 2012, 3,
291–307. [CrossRef]

34. Shapiro, S.L.; Jazaieri, H.; Goldin, P.R. Mindfulness-based stress reduction effects on moral reasoning and decision making. J.
Posit. Psychol. 2012, 7, 504–515. [CrossRef]

35. Lawlor, M.S. Mindfulness and social emotional learning (SEL): A conceptual framework. In Handbook of Mindfulness in Education;
Springer: New York, NY, USA, 2016; pp. 65–80.

36. Ryan, R.M.; Huta, V.; Deci, E.L. Living well: A self-determination theory perspective on eudaimonia. J. Happiness Stud. 2008, 9,
139–170. [CrossRef]

37. Guthold, R.; Stevens, G.A.; Riley, L.M.; Bull, F.C. Global trends in insufficient physical activity among adolescents: A pooled
analysis of 298 population-based surveys with 1.6 million participants. Lancet Child Adolesc. Health 2020, 4, 23–35. [CrossRef]

38. Zenner, C.; Herrnleben-Kurz, S.; Walach, H. Mindfulness-based interventions in schools—A systematic review and meta-analysis.
Front. Psychol. 2014, 5, 603. [CrossRef]

39. Beyers, W.; Goossens, L.; Vansant, I.; Moors, E. A structural model of autonomy in middle and late adolescence: Connectedness,
separation, detachment, and agency. J. Youth Adolesc. 2003, 32, 351–365. [CrossRef]

40. Moreau, E.; Mageau, G.A. The importance of perceived autonomy support for the psychological health and work satisfaction of
health professionals: Not only supervisors count, colleagues too! Motiv. Emot. 2012, 36, 268–286. [CrossRef]

41. Brown, K.W.; Ryan, R.M.; Creswell, J.D. Mindfulness: Theoretical foundations and evidence for its salutary effects. Psychol. Inq.
2007, 18, 211–237. [CrossRef]

42. Brown, K.W.; Ryan, R.M. The benefits of being present: Mindfulness and its role in psychological well-being. J. Personal. Soc.
Psychol. 2003, 84, 822. [CrossRef]

43. Schultz, P.P.; Ryan, R.M. The “why”, “what”, and “how” of healthy self-regulation: Mindfulness and well-being from a self-
determination theory perspective. In Handbook of Mindfulness and Self-Regulation; Ostafin, B., Robinson, M., Meier, B., Eds.;
Springer: New York, NY, USA, 2015; pp. 81–94. [CrossRef]

44. Donald, J.N.; Bradshaw, E.L.; Ryan, R.M.; Basarkod, G.; Ciarrochi, J.; Duineveld, J.J.; Guo, J.; Sahdra, B.K. Mindfulness and its
association with varied types of motivation: A systematic review and meta-analysis using self-determination theory. Personal.
Soc. Psychol. Bull. 2020, 46, 1121–1138. [CrossRef]

45. Levesque, C.; Brown, K.W. Mindfulness as a moderator of the effect of implicit motivational self-concept on day-to-day behavioral
motivation. Motiv. Emot. 2007, 31, 284–299. [CrossRef]

46. Ruffault, A.; Bernier, M.; Juge, N.; Fournier, J.F. Mindfulness may moderate the relationship between intrinsic motivation and
physical activity: A cross-sectional study. Mindfulness 2016, 7, 445–452. [CrossRef]

47. Mikulas, W.L. Mindfulness: Significant common confusions. Mindfulness 2011, 2, 1–7. [CrossRef]
48. Shapiro, S.L.; Carlson, L.E.; Astin, J.A.; Freedman, B. Mechanisms of mindfulness. J. Clin. Psychol. 2006, 62, 373–386. [CrossRef]
49. Langer, E.J.; Bashner, R.S.; Chanowitz, B. Decreasing prejudice by increasing discrimination. J. Personal. Soc. Psychol. 1985, 49,

113–120. [CrossRef]
50. Street, W.R. Attitude-behavior congruity, mindfulness, and self-focused attention: A behavior-analytic reconstruction. Behav.

Anal. 1994, 17, 145–153. [CrossRef]
51. Pagnini, F.; Bercovitz, K.; Langer, E. Perceived control and mindfulness: Implications for clinical practice. J. Psychother. Integr.

2016, 26, 91–102. [CrossRef]
52. Perlmuter, L.C.; Langer, E.J. The effects of behavioral monitoring on the perception of control. Clin. Gerontol. 1983, 1, 37–43.

[CrossRef]
53. Gärtner, C. Enhancing readiness for change by enhancing mindfulness. J. Chang. Manag. 2013, 13, 52–68. [CrossRef]
54. Dekeyser, M.; Raes, F.; Leijssen, M.; Leysen, S.; Dewulf, D. Mindfulness skills and interpersonal behaviour. Personal. Individ. Differ.

2008, 44, 1235–1245. [CrossRef]
55. Kemeny, M.E.; Foltz, C.; Cavanagh, J.F.; Cullen, M.; Giese-Davis, J.; Jennings, P.; Rosenberg, E.L.; Gillath, O.; Shaver, P.R.; Wallace,

B.A.; et al. Contemplative/emotion training reduces negative emotional behavior and promotes prosocial responses. Emotion
2012, 12, 338–350. [CrossRef]

http://doi.org/10.1093/clipsy.bpg016
http://doi.org/10.1037/bne0000337
http://doi.org/10.1007/s12671-018-0998-9
http://doi.org/10.1007/s12671-010-0011-8
http://doi.org/10.1007/s12671-012-0094-5
http://doi.org/10.1080/17439760.2012.723732
http://doi.org/10.1007/s10902-006-9023-4
http://doi.org/10.1016/S2352-4642(19)30323-2
http://doi.org/10.3389/fpsyg.2014.00603
http://doi.org/10.1023/A:1024922031510
http://doi.org/10.1007/s11031-011-9250-9
http://doi.org/10.1080/10478400701598298
http://doi.org/10.1037/0022-3514.84.4.822
http://doi.org/10.1007/978-1-4939-2263-5_7
http://doi.org/10.1177/0146167219896136
http://doi.org/10.1007/s11031-007-9075-8
http://doi.org/10.1007/s12671-015-0467-7
http://doi.org/10.1007/s12671-010-0036-z
http://doi.org/10.1002/jclp.20237
http://doi.org/10.1037/0022-3514.49.1.113
http://doi.org/10.1007/BF03392660
http://doi.org/10.1037/int0000035
http://doi.org/10.1300/J018v01n02_04
http://doi.org/10.1080/14697017.2013.768433
http://doi.org/10.1016/j.paid.2007.11.018
http://doi.org/10.1037/a0026118


Int. J. Environ. Res. Public Health 2022, 19, 12999 18 of 19

56. Schonert-Reichl, K.A.; Oberle, E.; Lawlor, M.S.; Abbott, D.; Thomson, K.; Oberlander, T.F.; Diamond, A. Enhancing cognitive
and social–emotional development through a simple-to-administer mindfulness-based school program for elementary school
children: A randomized controlled trial. Dev. Psychol. 2015, 51, 52–66. [CrossRef] [PubMed]

57. Chatzisarantis, N.L.; Hagger, M.S. Mindfulness and the intention-behavior relationship within the theory of planned behavior.
Personal. Soc. Psychol. Bull. 2007, 33, 663–676. [CrossRef] [PubMed]

58. Hagstromer, M.; Ainsworth, B.E.; Oja, P.; Sjostrom, M. Comparison of a subjective and an objective measure of physical activity in
a population sample. J. Phys. Act. Health 2010, 7, 541–550. [CrossRef] [PubMed]

59. Eckelt, M.; Hutmacher, D.; Steffgen, G.; Bund, A. Physical Activity Behavior of Children and Adolescents in Luxembourg-An
Accelerometer-based Study. J. Phys. Act. Res. 2020, 5, 23–28. [CrossRef]

60. Donaldson, S.C.; Montoye, A.H.; Imboden, M.T.; Kaminsky, L.A. Variability of objectively measured sedentary behavior. Med. Sci.
Sports Exerc. 2016, 48, 755–761. [CrossRef]

61. Eremenco, S.L.; Cella, D.; Arnold, B.J. A comprehensive method for the translation and cross-cultural validation of health status
questionnaires. Eval. Health Prof. 2005, 28, 212–232. [CrossRef]

62. Standage, M.; Duda, J.L.; Ntoumanis, N. A test of self-determination theory in school physical education. Br. J. Educ. Psychol.
2005, 75, 411–433. [CrossRef]

63. Vlachopoulos, S.P.; Katartzi, E.S.; Kontou, M.G.; Moustaka, F.C.; Goudas, M. The revised perceived locus of causality in physical
education scale: Psychometric evaluation among youth. Psychol. Sport Exerc. 2011, 12, 583–592. [CrossRef]

64. Hutmacher, D.; Eckelt, M.; Bund, A.; Steffgen, G. Lifting the Curtain on Motivation in Exercise: Validation of Two Questionnaires
for Physical Education and Leisure Time in French and German. J. Psychoeduc. Assess. 2021, 39, 623–639. [CrossRef]

65. Markland, D.; Tobin, V. A modification to the behavioral regulation in exercise questionnaire to include an assessment of
amotivation. J. Sport Exerc. Psychol. 2004, 26, 191–196. [CrossRef]

66. Ajzen, I.; Madden, T.J. Prediction of goal-directed behavior: Attitudes, intentions, and perceived behavioral control. J. Exp. Soc.
Psychol. 1986, 22, 453–474. [CrossRef]

67. Walach, H.; Buchheld, N.; Buttenmüller, V.; Kleinknecht, N.; Schmidt, S. Measuring mindfulness—The Freiburg mindfulness
inventory (FMI). Personal. Individ. Differ. 2006, 40, 1543–1555. [CrossRef]

68. Trousselard, M.; Steiler, D.; Raphel, C.; Cian, C.; Duymedjian, R.; Claverie, D.; Canini, F. Validation of a French version of
the Freiburg Mindfulness Inventory-short version: Relationships between mindfulness and stress in an adult population.
BioPsychoSocial Med. 2010, 4, 8. [CrossRef]

69. Wijndaele, K.; Westgate, K.; Stephens, S.K.; Blair, S.N.; Bull, F.C.; Chastin, S.F.; Dunstan, D.W.; Ekelund, U.; Elsiger, D.W.; Freedson,
P.S.; et al. Utilization and harmonization of adult accelerometry data: Review and expert consensus. Med. Sci. Sports Exerc. 2015,
47, 2129–2139. [CrossRef]

70. LUCET. Online Assessment System OASYS, version 2; University of Luxembourg: Esch-sur-Alzette, Luxembourg, 2019.
71. IBM Corp. IBM SPSS Statistics for Windows, version 25.0; IBM Corp.: Armonk, NY, USA, 2017.
72. Ford, J.K.; MacCallum, R.C.; Tait, M. The application of exploratory factor analysis in applied psychology: A critical review and

analysis. Pers. Psychol. 1986, 39, 291–314. [CrossRef]
73. Hu, L.T.; Bentler, P.M. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives.

Struct. Equ. Model. A Multidiscip. J. 1999, 6, 1–55. [CrossRef]
74. Boateng, G.O.; Neilands, T.B.; Frongillo, E.A.; Melgar-Quiñonez, H.R.; Young, S.L. Best practices for developing and validating

scales for health, social, and behavioral research: A primer. Front. Public Health 2018, 6, 149. [CrossRef]
75. Cheung, G.W.; Rensvold, R.B. Evaluating goodness-of-fit indexes for testing measurement invariance. Struct. Equ. Model. 2002, 9,

233–255. [CrossRef]
76. Evenson, K.R.; Catellier, D.J.; Gill, K.; Ondrak, K.S.; McMurray, R.G. Calibration of two objective measures of physical activity for

children. J. Sports Sci. 2008, 26, 1557–1565. [CrossRef]
77. Troiano, R.P.; Berrigan, D.; Dodd, K.W.; Mâsse, L.C.; Tilert, T.; McDowell, M. Physical activity in the United States measured by

accelerometer. Med. Sci. Sport Exerc. 2008, 40, 181–188. [CrossRef]
78. Choi, L.; Liu, Z.; Matthews, C.E.; Buchowski, M.S. Validation of accelerometer wear and nonwear time classification algorithm.

Med. Sci. Sports Exerc. 2011, 43, 357–364. [CrossRef] [PubMed]
79. Kiemer, K.; Gröschner, A.; Kunter, M.; Seidel, T. Instructional and motivational classroom discourse and their relationship with

teacher autonomy and competence support—Findings from teacher professional development. Eur. J. Psychol. Educ. 2018, 33,
377–402. [CrossRef]

80. Deci, E.L.; Eghrari, H.; Patrick, B.C.; Leone, D.R. Facilitating internalization: The self-determination theory perspective. J. Pers.
1994, 62, 119–142. [CrossRef] [PubMed]

81. Sheeran, P.; Norman, P.; Orbell, S. Evidence that intentions based on attitudes better predict behaviour than intentions based on
subjective norms. Eur. J. Soc. Psychol. 1999, 29, 403–406. [CrossRef]

82. Saltzman, A.; Goldin, P. Mindfulness-based stress reduction for school-age children. In Acceptance and Mindfulness Treatments for
Children and Adolescents: A Practitioner’s Guide; Greco, L.A., Hayes, S.C., Eds.; New Harbinger Publications: Oakland, CA, USA,
2008; pp. 139–161.

http://doi.org/10.1037/a0038454
http://www.ncbi.nlm.nih.gov/pubmed/25546595
http://doi.org/10.1177/0146167206297401
http://www.ncbi.nlm.nih.gov/pubmed/17440208
http://doi.org/10.1123/jpah.7.4.541
http://www.ncbi.nlm.nih.gov/pubmed/20683097
http://doi.org/10.12691/jpar-5-1-5
http://doi.org/10.1249/MSS.0000000000000828
http://doi.org/10.1177/0163278705275342
http://doi.org/10.1348/000709904X22359
http://doi.org/10.1016/j.psychsport.2011.07.003
http://doi.org/10.1177/07342829211005571
http://doi.org/10.1123/jsep.26.2.191
http://doi.org/10.1016/0022-1031(86)90045-4
http://doi.org/10.1016/j.paid.2005.11.025
http://doi.org/10.1186/1751-0759-4-8
http://doi.org/10.1249/MSS.0000000000000661
http://doi.org/10.1111/j.1744-6570.1986.tb00583.x
http://doi.org/10.1080/10705519909540118
http://doi.org/10.3389/fpubh.2018.00149
http://doi.org/10.1207/S15328007SEM0902_5
http://doi.org/10.1080/02640410802334196
http://doi.org/10.1249/mss.0b013e31815a51b3
http://doi.org/10.1249/MSS.0b013e3181ed61a3
http://www.ncbi.nlm.nih.gov/pubmed/20581716
http://doi.org/10.1007/s10212-016-0324-7
http://doi.org/10.1111/j.1467-6494.1994.tb00797.x
http://www.ncbi.nlm.nih.gov/pubmed/8169757
http://doi.org/10.1002/(SICI)1099-0992(199903/05)29:2/3&lt;403::AID-EJSP942&gt;3.0.CO;2-A


Int. J. Environ. Res. Public Health 2022, 19, 12999 19 of 19

83. Walach, H.; Buchheld, N.; Buttenmüller, V.; Kleinknecht, N.; Grossmann, P.; Schmidt, S. Empirische Erfassung der Achtsamkeit—
Die Konstruktion des Freiburger Fragebogens zur Achtsamkeit (FFA) und weitere Validierungsstudien. In Achtsamkeit und
Akzeptanz in der Psychotherapie. Ein Handbuch; Heidenreich, T., Michalak, J., Eds.; Dgvt-Verlag: Tübingen, Germany, 2004;
pp. 729–772.

84. Deci, E.L.; Ryan, R.M.; Williams, G.C. Need satisfaction and the self-regulation of learning. Learn. Individ. Differ. 1996, 8, 165–183.
[CrossRef]

http://doi.org/10.1016/S1041-6080(96)90013-8

	Introduction 
	Self-Determination Theory (SDT) 
	Theory of Planned Behavior 
	Conceptual Integration of Mindfulness into the Trans-Contextual Model 
	The Present Study 

	Methods 
	Participants 
	Measures (Please Note That Several Items Were Used for the Study as Presented in Hutmacher and Colleagues B60-ijerph-1875328, but Are Listed Here in Detail for a thorough Understanding of theStudy Design) 
	Constructs of the Self-Determination Theory (SDT) 
	Constructs of the Theory of Planned Behavior (TPB) 
	Mindfulness 
	Self-Report and Physiological Measurement of Physical Activity 
	Procedure 
	Data Processing and Analysis 

	Results 
	Discussion 
	Relationship between Mindfulness and SDT in the Trans-Contextual Model 
	Relationship between Mindfulness, SDT and TPB in the Trans-Contextual Model 
	Relationship between Mindfulness and TPB in the Trans-Contextual Model 
	Implications for Education 
	Limitations and Suggestions for Future Research 

	Conclusions 
	References

