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Background: Individuals with mind-wandering experience their attention decoupling from their main task at hand while others with flow experience fully engage in their task with the optimum experience. There seems to be a negative relationship between mind-wandering and flow. However, it remains unclear to what extent mind-wandering exerts an impact on flow. And it is also elusive whether physical activity and mindfulness, which are as important factors that affected individuals’ attentional control and psychological health, are beneficial in explaining the association between mind-wandering and flow. The current study investigated the relationship between mind-wandering and flow, and the potential mediation effects of physical activity and mindfulness in this association.

Methods: A cross-sectional exploratory study design, including multiple scales such as the Mind-Wandering Questionnaire (MWQ), the International Physical Activity Questionnaire Short Form (IPAQ), Mindfulness Attention and Awareness Scale (MAAS), and the Short Dispositional Flow Scale (S-DFS) was applied. Descriptive statistics and bivariate correlation coefficients were applied in the analysis of these data. A multiple mediation model was used to examine the relationships between mind-wandering, flow, physical activity, and mindfulness.

Results: Mind-wandering was inversely associated with physical activity, mindfulness and flow, respectively; and flow was positively related to physical activity and mindfulness, respectively. Moreover, multiple mediation results demonstrated that physical activity and mindfulness, respectively, mediated the relationship between mind-wandering and flow.

Conclusion: These findings are helpful to understand how our minds attend to the present moment, and the crucial roles of physical activity and mindfulness in the association between mind-wandering and flow. An implication of these is the possibility that the effective strategies aimed at enhancing both the levels of physical activity and mindfulness are needed to reduce the negative impact of mind-wandering on flow.
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Introduction

Mind-wandering is a ubiquitous phenomenon encompassing specific aspects of consciousness in which the mind loses focus on the present moment and begins to generate spontaneous thoughts (Smallwood and Schooler, 2015). Abundant experimental evidence has demonstrated that mind-wandering has detrimental effects on tasks that require undivided attention (i.e., reading comprehension and tests of cognitive performance), and self-reported depressive mind (Mooneyham and Schooler, 2013; Deng et al., 2014). On the other hand, mind-wandering contributes to creativity and innovation, as it enables the establishment of new connections between previous and potential experiences (Mooneyham and Schooler, 2013). Self-generated thoughts can be conceptualized as involving a conscious state of internal attention decoupled from current perception (i.e., not based on perceptual input) (Schooler et al., 2011). They are dynamic, and individual can intermittently monitor their content explicitly through meta-awareness (Smallwood and Schooler, 2015). According to the Context Regulation Hypothesis, mind-wandering can be regulated to generate optimal cognition to meet external demands (i.e., task performance) (Smallwood and Andrews-Hanna, 2013; Smallwood and Schooler, 2015; Thomson et al., 2015; Smallwood et al., 2021). Thus, it is considered to be a form of adaptive attention control facilitating adjustment to the environment or creative problem solving (Kam et al., 2013; Smallwood and Schooler, 2015). Given the costs and benefits of mind-wandering, the identification of its effects mind-wandering and exploration of its relationships with other variables are important. Our previous study demonstrated that self-control and mindfulness sequentially mediate the relationship between mind-wandering and metacognition (Deng et al., 2019). The finding makes an important contribution to our understanding of the characteristics of information processing in our mind. However, more research is required to determine the effects of mind-wandering, and to provide a theoretical basis for the understanding of psychological adjustment.

Unlike mind-wandering, flow is viewed as a special type of attention in which individuals are fully attuned to the present moment to attain the greatest effectiveness (Nakamura and Csikszentmihalyi, 2014). A recent study showed that positively perceived feedback boosted billiard players’ flow experience, enabling them to more mindfully and flexibly self-regulate their focus on the present moment, with reduced attention to distractions that could impede their performance. Thus, flow, as a subjective experience of “deep and effortless concentration,” entails reduced mind-wandering and increased mindfulness (Marty-Dugas and Smilek, 2018; Lambert and Csikszentmihalyi, 2019). However, the mechanisms underlying the negative relationship between flow and mind-wandering remain unclear. According to the attentional model, the experience of flow involves the narrowing of attention and enhancement of moment-to-moment orientation, whereas mind-wandering involves the broadening of attention and reduction of moment-to-moment orientation (Dane, 2011; Dust, 2015); both states thus rely on attention control. Mind-wandering has been referred to as the “dynamic redistribution of attention resources,” in which individuals’ attention drifts away from external tasks to ongoing internal thoughts (Smallwood and Andrews-Hanna, 2013; Smallwood and Schooler, 2015; Thomson et al., 2015; Smallwood et al., 2021). Individuals with better attention control tend to have enhanced meta-awareness and regulation of self-generated thoughts (Schooler et al., 2011). Flow leads to the efficient allocation of the limited attentional resources, resulting in effortless concentration, and improvement of task performance (Nakamura and Csikszentmihalyi, 2014; Harris et al., 2017). Few studies, however, have explored how spontaneous thoughts influence the flow experience.

Mind-wandering and flow both enhance creativity. Especially during the performance of undemanding tasks, mind-wandering allows for the generation of more spontaneous thoughts and ebb and flow of attention (Schooler et al., 2014; Williams et al., 2018; Zedelius and Schooler, 2020); similarly, greater flow experiences have been found to be related significantly to greater degrees of creativity (MacDonald et al., 2006; Schutte and Malouff, 2020). Thus, mind-wandering might be expected to predict flow, but more research is needed to examine this potential relationship and its mediators. Mind-wandering occurs with high frequency, occupying about half of the individuals’ waking hours, and is thus, a prevalent and important experience in daily life (Smallwood and Schooler, 2015). On the other hand, flow is rarely attained, but plays a beneficial role in routine task performance (Nakamura and Csikszentmihalyi, 2014). Individuals experiencing flow tend to effectively cope with and enjoy the task at hand, and ultimately to have improved their quality of life. Knowledge of the relationship between mind-wandering and flow, and the mechanisms underlying it would provide insight on how to make spontaneous thoughts more positive and adaptive, have more optimal experiences in our daily lives, and understand the characteristics of our mental activity more deeply.

Based on the previous research, mindfulness may be involved in the association between mind-wandering and flow. Mindfulness, as the present-being experience that induces self-regulation of attention and awareness (Karunamuni and Weerasekera, 2019) has beneficial effects on attentional control and psychological health (Karunamuni and Weerasekera, 2019; Prakash et al., 2020). The Mindful Awareness Attention Scale (MAAS) has been developed for the assessment of dispositional mindfulness. MAAS scores correlate negatively with multiple self-reported mind-wandering, clarifying that these constructs are opposite (Mrazek et al., 2012; Stawarczyk et al., 2012). Individuals with lower MAAS scores are more likely to report higher frequencies of mind-wandering during driving or the performance of demanding cognitive tasks (Burdett et al., 2016; Ju and Lien, 2018). Conversely, greater mindfulness correlates with less mind-wandering and a greater frequency of flow (Deng et al., 2014; Marty-Dugas and Smilek, 2018; Lambert and Csikszentmihalyi, 2019; Xie, 2021). Mindfulness and flow are both characterized by the strong focus of attention at the present moment (Wright et al., 2006; Šimleša et al., 2018). Through the facilitation of attentional control, mindfulness can help individuals be more aware of current thoughts and goal-directed actions, and guide them from mind-wandering to a focus on the current task (Smallwood and Schooler, 2015; Prakash et al., 2020). Consequently, mindfulness may mediate the relationship between mind-wandering and flow, but further research is needed to test this hypothesis.

Physical activity has beneficial effects on attentional control and psychological health (Plante and Rodin, 1990; Winneke et al., 2012; Fortier and Morgan, 2021), and has been shown to be associated closely with mind-wandering and flow. Current spontaneous thoughts have been demonstrated to be significantly associated with moderate-to-vigorous physical activity (Fanning et al., 2016) while physical activity has been shown to influence the ability to exert flexible cognitive control, which is closely related to the mind-wandering (Buckley et al., 2014). Higher levels of physical activity are also more likely to contribute to the experience of flow, especially in athletes and inactive individuals (Jackson and Eklund, 2002; Elbe et al., 2010). Among athletes, greater task orientation (reflecting clearer goal and sensitive to control over the activity) has been shown to be related closely to flow (Stavrou et al., 2015). In addition, individuals engaging in recreational physical activity have been found to experience more flow-like episodes correlated with greater situational involvement; these experiences and feelings are enjoyable (Decloe et al., 2009). Inactive individuals have been found to experience flow after long-term physical activity interventions (Elbe et al., 2010). All of these findings imply that physical activity could be as important factors in the flow experience. Thus, physical activity may mediate the association between mind-wandering and flow.

The current study was conducted to investigate correlations among mind-wandering, mindfulness, physical activity, and flow, and to examine the mediating effects of mindfulness and physical activity on the relationships between mind-wandering and flow. The hypothesis was that mind-wandering would be related to lower levels of mindfulness and physical activity, which in turn would be related to lower levels of flow. A multiple mediator analysis would then be performed to compare the different mediating effects of mindfulness and physical activity on the associations between mind-wandering and flow.



Materials and methods


Participants

The present research was approved by relevant institutional ethics committees. Anonymous, self-report questionnaires (described later) were distributed to a sample of 465 healthy college students in China. The participants completed the questionnaires with a pen. A total of 36 participants did not completely fill in these measurements. Finally, data collected from 429 Chinese college students (103 females; mean age = 19.62 years, SD = 1.30 years) was included in the final data analysis. Within the sample of undergraduate students, 4% of them reported their major in applied psychology; 7% of them in sports training; 10.3% of them in national traditional sports; 20.2% of them in social sports guidance and management and 58.5% of them in physical education.



Measures


Mind-wandering

The 5-item Mind-Wandering Questionnaire (MWQ), which is on a 6-point Likert scale ranging from 1 (almost never) to 6 (almost always), was used to measure the levels of mind-wandering (Mrazek et al., 2013). All of these items were averaged as the MWQ score, with greater scores indicating higher levels of mind-wandering (e.g., “I mind-wander during lectures of presentations”). The Chinese version of MWQ has been validated (Luo et al., 2016). In Chinese sample, the fit indices for confirmatory factor analysis of the scale were as follows: χ2/df = 3.6, comparative fit index (CFI) = 0.98, the Tucker–Lewis index (TLI) = 0.93, root mean square error of approximation (RMSEA) = 0.06, standardized root mean square residual (SRMR) = 0.03, indicating MWQ had an adequate model fit. The Cronbach’s reliability (0.74) for the Chinese sample was satisfactory.



Mindfulness

Dispositional mindful awareness was assessed using Mindfulness Attention and Awareness Scale (MAAS), which contains 15 items and is rated on a 6-point Likert scale ranging from 1 (almost always) to 6 (almost never) (Brown and Ryan, 2003). All of these items were averaged as the MAAS score, with greater scores indicating higher levels of mindfulness (e.g., “I could be experiencing some emotion and not be conscious of it until sometime later”). The Chinese version of MAAS has been developed as a reliable and valid instrument to assess trait levels of mindfulness with adequate model fit for confirmatory factor analysis as follows: χ2/df = 2.69, CFI = 0.94, non-normed fit index (NNFI) = 0.93, and RMSEA = 0.079 (Deng et al., 2012). Cronbach’s alpha for the MAAS was 0.85, indicating good reliability.



Physical activity

The physical activity levels were gauged by the International Physical Activity Questionnaire Short Form (IPAQ), which assesses the time spent in different kinds of vigorous, and moderate physical activities, as well as walking and sedentary behaviors per week (Craig et al., 2003). The IPAQ scoring protocol is to generate the total Metabolic Equivalent Task (MET) scores by multiplying the total minutes spent on vigorous, moderate physical activities, and walking by 8, 4, and 3.3, and then adding them together (Craig et al., 2003). Finally, the total IPAQ scores were log-transformed so as to attain normal distribution. The Chinese version of IPAQ also had acceptable reliability with an intraclass correlation coefficient (ICC) of 0.79 (Macfarlane et al., 2007).



Flow

The dispositional flow was assessed by the Short Dispositional Flow Scale (S-DFS) (Copyright © 2002, 2009 by S. A. Jackson, we have made a license purchase from Mind Garden, Inc., and received permission to use S-DFS in current study), which consists of 9 items and uses a 5-point Likert scale ranging from 1 (never) to 5 (always) (Jackson et al., 2008, 2010). The averaged scores for each item of S-DFS were calculated, with higher scores indicating greater levels of dispositional flow (e.g., “I found the experience extremely rewarding”). The validity on Chinese version of S-DFS has been examined with adequate model fit for confirmatory factor analysis as follows: χ2/df = 2.49, CFI = 0.91, NNFI = 0.88, and RMSEA = 0.058 (Liu, 2010). Cronbach’s alpha for the S-DFS was 0.73, indicating satisfactory reliability.



Data analytic plan

Descriptive statistics and correlation analysis were conducted in SPSS. Multiple mediation analysis was performed in The PROCESS macro for SPSS, which was used to examine the multiple mediation model (model 4) (Hayes, 2017). Model 4 is a multiple mediator models, whose mediators are allowed to be operated in parallel. In this study, physical activity (M1) and mindfulness (M2), which were assumed to be the mediators in parallel, were proposed to mediate the relationship between mind-wandering (X) and flow (Y). Since the bias-corrected bootstrap has been demonstrated to generate the most accurate confidence intervals in prior studies (MacKinnon et al., 2004; Cheung and Lau, 2008), the present study would apply the boot-strapping method to determine the significance of mediation effects. And 5,000 bootstrap samples were employed to generate 95% bias-corrected CIs for the indirect effects, which indicate significant if zero does not fall within the CI.





Results


Descriptive statistics and correlation analysis

Table 1 presents the means and results of bivariate correlation analysis, which indicated that the associations between wandering mind, physical activity, mindfulness, and flow were significant in the expected directions, except that there was not any association between physical activity and mindfulness. Change in mind-wandering was significantly and inversely associated with the change in physical activity, mindfulness, and flow. Change in flow was also strongly and positively related to change in physical activity and mindfulness. In addition, there was no significant correlation between age and other variables.


TABLE 1    Descriptive statistics among key study variables (n = 429).
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According to Csikszentmihalyi’s (1997) research, human beings can experience flow when performing almost any activity. In the current study, we classified and counted types of different activities based on what the participants filled in S-DFS. Except for four people who did not fill in the relevant activity content, the rest of the subjects reported dispositional flow experience when attending the following specific activities: 84.62% of subjects reported participating in physical exercises (namely, ball sports, track-and-field, swimming, gymnastics, fitness, and martial arts), 9.32% of them reported taking part in leisure and entertainment activities (namely, watching videos, playing games, listening to music, drawing, and chatting), 4.66% of them reported engaging in learning, and 0.47% of them reported participating in maintenance activities (namely, eating and driving).



Multiple mediation analysis

The PROCESS macro for SPSS (model 4) was applied to examine the multiple mediation model. Model 4 is the multiple mediator model, whose mediators are assumed to arrange in parallel (Hayes, 2017). In the current study, we used multiple mediation analysis (model 4) to test whether physical activity and mindfulness had any significant mediation effects on the relationship between mind-wandering and flow. In this study, the supposed order of independent, mediator, and dependent variables were mind-wandering (independent variable) predicted physical activity or mindfulness (two multiple mediators), which predicted flow (dependent variable). Since the bias-corrected bootstrap has shown to generate the most accurate CIs in prior studies (MacKinnon et al., 2004; Cheung and Lau, 2008), such bootstrapping method was conducted to determine the significant mediation effects. And 5,000 bootstrap samples were applied to generate 95% bias-corrected CIs for the indirect effects, which indicate significant if zero do not fall within the CI.

Figure 1 and Table 2 present the multiple mediation model predicting flow in all the sample. Mind-wandering showed significant direct paths to the two mediators: physical activity (a1 = −0.053, p < 0.01) and mindfulness (a2 = −0.375, p < 0.001). Both mediated variables, physical activity (b1 = 0.243, p < 0.01) and mindfulness (b2 = 0.139, p < 0.01), revealed significant direct paths to flow. After controlling for the potential mediators of physical activity and mindfulness, mind-wandering showed no significant direct path to flow (c′ = −0.008, p = 0.817). The total effects of mind-wandering on flow were obtained by the sum of the direct and indirect effects: (c = c′ + a1 b1 + a2 b2 = −0.073, p < 0.05).


[image: image]

FIGURE 1
Mediational model of physical activity, mindfulness on mind-wandering and flow. *p < 0.05; **p < 0.01; ***p < 0.001.



TABLE 2    Regression coefficients, standard errors, and model summary information for the parallel multiple mediator model depicted in Figure 1.
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Table 3 shows the indirect effects and the related 95% CIs. In one pathway of “Mind-wandering➔Physical activity➔Flow,” this indirect effect (−0.0128) with a 95% bootstrap CI of −0.0283 to −0.0039 was significant. Another pathway of “Mind-wandering➔Mindfulness➔Flow,” whose indirect effect (−0.0522) with a 95% bootstrap confidence interval of −0.0881 to −0.0185 was significant. The total indirect effect [−0.0650 = (−0.0128) + (−0.0522)] was also significant with a 95% bootstrap CI of −0.1018 to −0.0302. Based on all these results, it showed the link between mind-wandering and flow was significantly mediated by physical activity and mindfulness.


TABLE 3    Indirect effects and 95% CIs.
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In addition, effect contrasts (see Table 3) demonstrated that there was a significant difference in the two mediation effects between the indirect effects through physical activity and mindfulness [0.0394 = (−0.0128) to (−0.0522)], with a 95% bootstrap CI of 0.0025 to 0.0770. This indicated that mindfulness played a more important role than physical activity in the relationship between wandering-mind and flow.




Discussion

The current study showed that physical activity and mindfulness significantly mediated the relationship between mind-wandering and flow, supporting the study hypothesis. Levels of mind-wandering correlated negatively with those of physical activity, mindfulness, and changes in flow correlated positively with changes in physical activity and mindfulness.

The negative correlation observed between mind-wandering and flow is consistent with previous findings, suggesting that these constructs can be viewed as opposites (Marty-Dugas and Smilek, 2018; Lambert and Csikszentmihalyi, 2019) and supporting the greater likelihood of individuals with fewer spontaneous thoughts to experience flow and address current tasks.

As mentioned previously, mind-wandering and flow have been reported to be closely correlated to creativity, respectively (MacDonald et al., 2006; Schooler et al., 2014; Williams et al., 2018; Schutte and Malouff, 2020), and our findings further confirmed that mind-wandering had a negative association with the flow. Further research is needed to examine the role of creativity in this relationship. Specifically, the identification of the types of spontaneous thought that facilitate and hinder the flow experience and creativity and the exploration of whether the flow is a mediator or a moderator of the relationship between mind-wandering and creativity, would be valuable.

As expected, mind-wandering predicted flow through the partial mediating effect of physical activity in this study. Nearly 85% of the participants in this study were engaged in physical exercise, related closely to the larger proportions of participants with sports- and physical education-focused majors. These results are consistent with previous reports of flow experiences mainly in the context of physical exercise (Jackson et al., 2008; Liu, 2010), and with the associated nature of increases in these two variables. Contrary to the present findings, mind-wandering was associated positively with moderate-to-vigorous physical activity in another study (Fanning et al., 2016); this difference may be due to differences in the measurement of mind-wandering and physical activity (a “Yes/No” question and accelerometers vs. the reliable and valid scales used in the current study). In future research, these tools should be applied concurrently to further clarify the relationship between mind-wandering and physical activity.

Notably, participants in this study reported experiencing flow not only during physical activity but also during engagement in leisure and entertainment activities, learning and maintenance activities (namely, eating and driving). Although individuals with flow experience feel in control and are deep enjoyment in their activities, such optimal experience is relatively rare in daily life (Csikszentmihalyi, 1997; Nakamura and Csikszentmihalyi, 2014). In most cases, an endless train of thought would stream through our mind, and be pervasive in our daily life (Smallwood and Schooler, 2015). We have reported the negative association between mind-wandering and flow, and physical activity and mindfulness might be the mechanism between mind-wandering and flow. The findings provide good insight into how daily spontaneous thought may affect the flow, which may improve the quality of life, and offer additional evidence to support the Context Regulation Hypothesis on mind-wandering (Smallwood and Andrews-Hanna, 2013; Smallwood and Schooler, 2015; Thomson et al., 2015; Smallwood et al., 2021).

Our findings further extend existing research by reporting the mediated effect of physical activity between mind-wandering and flow. People experiencing less mind-wandering are more likely to have higher levels of physical activity, enabling greater concentration on the information at hand, thereby bringing about more flow. More physically active people have been found to exhibit more satisfactory self-regulation (Buckley et al., 2014; Fanning et al., 2017), which enables them to more flexibly allocate executive and attentive resources and gain more sense of control over their thoughts, emotions, and behaviors. Our results are consistent with these findings. Moreover, physical activity as exercise breaks could induce less mind-wandering and enhance learning performance (Fenesi et al., 2018), suggesting that it facilitates the transformation of self-generated thoughts into goal-dependent processing and behavior. As mentioned previously, the spontaneous internal thoughts are dynamic, and mind-wandering is revealed as the adaptive attentional control to adjust the external environment (Schooler et al., 2011; Kam et al., 2013; Smallwood and Schooler, 2015). Our findings farther indicate that less mind-wandering might be related to have more attentional resources available to invest in the activity at hand and experience flow. And physical activity, as a beneficial means for promote attentional control and self-regulation, might be an important mechanism between mind-wandering and flow.

Our finding that mindfulness mediates the relationship between mind-wandering and flow is in line with previous studies that reported significant associations between mindfulness and wandering mind (Mrazek et al., 2012; Stawarczyk et al., 2012), and flow (Marty-Dugas and Smilek, 2018; Lambert and Csikszentmihalyi, 2019). Our participants’ MWQ scores reflect the detrimental aspects of mind-wandering, namely, interference with task execution. Mindfulness is an optimal strategy for the flexible regulation of attention (Mrazek et al., 2012; Stawarczyk et al., 2012) and the awareness of external and internal stimuli to modulate mind-wandering (Levinson et al., 2014; Schooler et al., 2014). As the task at hand progresses smoothly and attention resources are occupied by the relevant tasks, flow experience can be achieved through increased moment-to-moment attention (Nakamura and Csikszentmihalyi, 2014). On the other hand, self-generated thoughts about physical activity have been found to be related to more frequent participation in such activity, and thus constitute a positive form of mind-wandering that might stimulate physical activity (Rice and Fredrickson, 2017). And as mentioned earlier, successful self-regulatory physical activity could enhance executive functions, and contribute to flow experience (Jackson and Eklund, 2002; Elbe et al., 2010; Fanning et al., 2016). Thus, physical activity and mindfulness may both be influenced by spontaneous thoughts, and intervention involving them could be developed as strategies for thought regulation, and the promotion of concentration on the present moment, perhaps enabling the attainment of flow.



Limitations and future implications

When interpreting the contributions of the current findings, the limitations and future implications of this study should be considered. First, the generalizability of the current findings is limited by the sample composition; the majority of the participating college students were majoring in fields involving motor learning and sports training, and thus might have higher physical activity levels and more flow experience than observed in general populations. In future studies, the current mediation models should be tested with samples of college students whose majors are less associated with physical activity. Second, the parallel multiple mediator model used in this study was established in an Eastern cultural context; its validity in other counties and cultural contexts should be examined. Third, the cross-sectional correlational design of the study prevented us from inferring causality. In future research, physical activity and mindfulness interventions should be developed based on the present findings, and their effects on the relationship between mind-wandering and flow should be examined longitudinally. Fourth, the roles of factors such as age, gender, and personality traits in the mediating effects observed in this study need to be investigated. Fifth, the MAAS provides a one-dimensional measure of mindfulness. Other scales, such as the Five Facet Mindfulness Questionnaire (FFMQ), could be used to assess different aspects of mindfulness (e.g., observing, describing, acting with awareness, non-judgment, and non-reaction) (Baer et al., 2006) and their impacts on the relationship with mind-wandering. Sixth, the scales used in the current study inevitably limited the reliability of our findings. In future research, the Experience Sampling Method should be used to dynamically assess mind-wandering, mindfulness, and flow in daily life, to confirm the findings obtained with the mediation models (Nakamura and Csikszentmihalyi, 2014; Smallwood and Schooler, 2015). Finally, although we found no significant relationship between dispositional mindfulness and physical activity, the two mediators identified in this study, a positive association between state mindfulness and physical activity was observed in a previous study in which the State Mindfulness Scale for Physical Activity was developed (Cox et al., 2016). Future studies should consider this issue with the application of this scale (Cox et al., 2016).



Conclusion

The present study was aimed to investigate the relationships between mind-wandering, flow, physical activity, and mindfulness. We found a negative association between mind-wandering and flow, and the relationship was mediated by physical activity and mindfulness. The findings of this study have several practical implications. For instance, if individuals want to cultivate the flow in their daily life, they first need to decrease mind-wandering. Also, it raises the possibility that the development of physical activity and mindfulness can act as the preventive strategies to achieve flow.



Author’s note

The authors received a license to use the Short Dispositional Flow Scale (S-DFS) (Copyright © 2002, 2009, S. A. Jackson) from Mind Garden, Inc. and received permission to use S-DFS in the current study.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Shanghai University of Sport, Shanghai, China; and Institute of Sports Science, Nantong University, Nantong, Jiangsu Province, China. The patients/participants provided their written informed consent to participate in this study.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work, and approved it for publication.



Funding

This work was supported by the Humanities and Social Sciences Youth Foundation of Ministry of Education of China (Grant no. 20YJC890004), the China Postdoctoral Science Foundation Funded Project (Grant no. 2017M610266), and the Doctoral Science and Research of Nantong University (Grant no. 135419619002).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

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

Brown, K. W., and Ryan, R. M. (2003). The benefits of being present: mindfulness and its role in psychological well-being. J. Pers. Soc. Psychol. 84, 822–848. doi: 10.1037/0022-3514.84.4.822

Buckley, J., Cohen, J. D., Kramer, A. F., Mcauley, E., and Mullen, S. P. (2014). Cognitive control in the self-regulation of physical activity and sedentary behavior. Front. Hum. Neurosci. 8:747. doi: 10.3389/fnhum.2014.00747

Burdett, B. R. D., Charlton, S. G., and Starkey, N. J. (2016). Not all minds wander equally: the influence of traits, states and road environment factors on self-reported mind-wandering during everyday driving. Accid. Anal. Prev. 95, 1–7. doi: 10.1016/j.aap.2016.06.012

Cheung, G. W., and Lau, R. S. (2008). Testing mediation and suppression effects of latent variables: bootstrapping with structural equation models. Organ. Res. Methods 11, 296–325. doi: 10.1177/1094428107300343

Cox, A. E., Ullrich-French, S., and French, B. F. (2016). Validity evidence for the state mindfulness scale for physical activity. Meas. Phys. Educ. Exerc. Sci. 20, 38–49.

Craig, C. L., Marshall, A. L., Sjöström, M., Bauman, A. E., Booth, M. L., Ainsworth, B. E., et al. (2003). International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 35, 1381–1395. doi: 10.1249/01.MSS.0000078924.61453.FB

Csikszentmihalyi, M. (1997). Finding ?ow. New York, NY: Harper Collins.

Dane, E. (2011). Paying attention to mindfulness and its effects on task performance in the workplace. J. Manag. 37, 997–1018. doi: 10.1177/0149206310367948

Decloe, M. D., Kaczynski, A. T., and Havitz, M. E. (2009). Social participation, flow and situational involvement in recreational physical activity. J. Leis. Res. 41, 73–90. doi: 10.1080/00222216.2009.11950160

Deng, Y. Q., Li, S., and Tang, Y. Y. (2014). The relationship between wandering mind, depression and mindfulness. Mindfulness 5, 124–128. doi: 10.1007/s12671-012-0157-7

Deng, Y. Q., Li, S., Tang, Y. Y., Zhu, L. H., Ryan, R., and Brown, K. (2012). Psychometric properties of the Chinese translation of the mindful attention awareness scale (MAAS). Mindfulness 3, 10–14. doi: 10.1007/s12671-011-0074-1

Deng, Y., Zhang, B., Zheng, X., Liu, Y., Wang, X., and Zhou, C. (2019). The role of mindfulness and self-control in the relationship between mind-wandering and metacognition. Pers. Individ. Differ. 141, 51–56. doi: 10.1016/j.paid.2018.12.020

Dust, S. B. (2015). Mindfulness, flow, and mind wandering: the role of trait-based mindfulness in state-task alignment. Ind. Organ. Psychol. 8, 609–614. doi: 10.1017/iop.2015.87

Elbe, A. M., Strahler, K., Krustrup, P., Wikman, J., and Stelter, R. (2010). Experiencing flow in different types of physical activity intervention programs: three randomized studies. Scand. J. Med. Sci. Sports 20(Suppl. 1) 111–117. doi: 10.1111/j.1600-0838.2010.01112.x

Fanning, J., Mackenzie, M., Roberts, S., Crato, I., Ehlers, D., and Mcauley, E. (2016). Physical activity, mind wandering, affect, and sleep: an ecological momentary assessment. JMIR Mhealth and Uhealth 4:e104. doi: 10.2196/mhealth.5855

Fanning, J., Porter, G., Awick, E. A., Ehlers, D. K., Roberts, S. A., Cooke, G., et al. (2017). Replacing sedentary time with sleep, light, or moderate-to-vigorous physical activity: effects on self-regulation and executive functioning. J. Behav. Med. 40, 332–342. doi: 10.1007/s10865-016-9788-9

Fenesi, B., Lucibello, K., Kim, J. A., and Heisz, J. J. (2018). Sweat so you don’t forget: exercise breaks during a university lecture increase on-task attention and learning. J. Appl. Res. Mem. Cogn. 7, 261–269. doi: 10.1016/j.jarmac.2018.01.012

Fortier, M. S., and Morgan, T. L. (2021). How optimism and physical activity interplay to promote happiness. Curr. Psychol. doi: 10.1007/s12144-020-01294-y

Harris, D. J., Vine, S. J., and Wilson, M. R. (2017). “Chapter 12 - Neurocognitive mechanisms of the flow state,” in Progress in Brain Research, Vol. 234, eds M. R. Wilson, V. Walsh, and B. Parkin (Amsterdam: Elsevier), 221–243. doi: 10.1016/bs.pbr.2017.06.012

Hayes, A. F. (2017). Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach, 2nd Edn. New York, NY: Guilford Press.

Jackson, S. A., and Eklund, R. C. (2002). Assessing flow in physical activity: the flow state scale–2 and dispositional flow scale–2. J. Sport Exerc. Psychol. 24, 133–150. doi: 10.1123/jsep.24.2.133

Jackson, S. A., Martin, A. J., and Eklund, R. C. (2008). Long and short measures of flow: the construct validity of the FSS-2, DFS-2, and new brief counterparts. J. Sport Exerc. Psychol. 30, 561–587. doi: 10.1123/jsep.30.5.561

Jackson, S. A., Martin, A. J., and Eklund, R. C. (2010). Short Dispositional Flow Scale. Menlo Park, CA: Mind Garden.

Ju, Y., and Lien, Y. (2018). Who is prone to wander and when? Examining an integrative effect of working memory capacity and mindfulness trait on mind-wandering under different task loads. Conscious. Cogn. 63, 1–10. doi: 10.1016/j.concog.2018.06.006

Kam, J. W., Dao, E., Stanciulescu, M., and Tildesley, H. (2013). Mind wandering and the adaptive control of attentional resources. J. Cogn. Neurosci. 25, 952–960.

Karunamuni, N., and Weerasekera, R. (2019). Theoretical foundations to guide mindfulness meditation: a path to wisdom. Curr. Psychol. 38, 627–646. doi: 10.1007/s12144-017-9631-7

Lambert, J., and Csikszentmihalyi, M. (2019). Facilitating or foiling flow: the role of momentary perceptions of feedback. J. Posit. Psychol. 15, 208–219. doi: 10.1080/17439760.2019.1578893

Levinson, D. B., Stoll, E. L., Kindy, S. D., Merry, H. L., and Davidson, R. J. (2014). A mind you can count on: validating breath counting as a behavioral measure of mindfulness. Front. Psychol. 5:1202. doi: 10.3389/fpsyg.2014.01202

Liu, W. (2010). Revision on Chinese edition of the short flow state scale and the short dispositional flow scale. China Sport Sci. 30, 64–70. doi: 10.16469/j.css.2010.12.012

Luo, Y., Zhu, R., Ju, E., and You, X. (2016). Validation of the Chinese version of the mind-wandering questionnaire (MWQ) and the mediating role of self-esteem in the relationship between mind-wandering and life satisfaction for adolescents. Pers. Individ. Differ. 92, 118–122. doi: 10.1016/j.paid.2015.12.028

MacDonald, R., Byrne, C., and Carlton, L. (2006). Creativity and flow in musical composition: an empirical investigation. Psychol. Music 34, 292–306. doi: 10.1177/0305735606064838

Macfarlane, D. J., Lee, C. C. Y., Ho, E. Y. K., Chan, K. L., and Chan, D. T. S. (2007). Reliability and validity of the Chinese version of IPAQ (short, last 7 days). J. Sci. Med. Sport 10, 45–51. doi: 10.1016/j.jsams.2006.05.003

MacKinnon, D. P., Lockwood, C. M., and Williams, J. (2004). Con?dence limits for the indirect effect: distribution of the product and resampling methods. Multivariate Behav. Res. 39, 99–128. doi: 10.1207/s15327906mbr3901_4

Marty-Dugas, J., and Smilek, D. (2018). Deep, effortless concentration: re-examining the flow concept and exploring relations with inattention, absorption, and personality. Psychol. Res. 83, 1760–1777. doi: 10.1007/s00426-018-1031-6

Mooneyham, B. W., and Schooler, J. W. (2013). The costs and benefits of mind-wandering: a review. Can. J. Exp. Psychol. 67, 11–18. doi: 10.1037/a0031569

Mrazek, M. D., Phillips, D. T., Franklin, M. S., Broadway, J. M., and Schooler, J. W. (2013). Young and restless: validation of the mind-wandering questionnaire (MWQ) reveals disruptive impact of mind-wandering for youth. Front. Psychol. 4:560. doi: 10.3389/fpsyg.2013.00560

Mrazek, M. D., Smallwood, J., and Schooler, J. W. (2012). Mindfulness and mind-wandering: finding convergence through opposing constructs. Emotion 12, 442–448. doi: 10.1037/a0026678

Nakamura, J., and Csikszentmihalyi, M. (2014). “The concept of flow,” in Flow and the Foundations of Positive Psychology: The Collected Works of Mihaly Csikszentmihalyi, ed. M. Csikszentmihalyi (Amsterdam: Springer), 239–263.

Plante, T. G., and Rodin, J. (1990). Physical fitness and enhanced psychological health. Curr. Psychol. 9, 3–24. doi: 10.1007/BF02686764

Prakash, R. S., Fountain-Zaragoza, S., Kramer, A. F., Samimy, S., and Wegman, J. (2020). Mindfulness and attention: current state-of-affairs and future considerations. J. Cogn. Enhance. 4, 340–367. doi: 10.1007/s41465-019-00144-5

Rice, E. L., and Fredrickson, B. L. (2017). Of passions and positive spontaneous thoughts. Cogn. Ther. Res. 41, 350–361. doi: 10.1007/s10608-016-9755-3

Schooler, J. W., Mrazek, M. D., Franklin, M. S., Baird, B., Mooneyham, B. W., Zedelius, C., et al. (2014). “Chapter One - The middle way: finding the balance between mindfulness and mind-wandering,” in Psychology of Learning and Motivation, Vol. 60, ed. B. H. Ross (Cambridge, MA: Academic Press), 1–33.

Schooler, J. W., Smallwood, J., Christoff, K., Handy, T. C., Reichle, E. D., and Sayette, M. A. (2011). Meta-awareness, perceptual decoupling and the wandering mind. Trends Cogn. Sci. 15, 319–326. doi: 10.1016/j.tics.2011.05.006

Schutte, N. S., and Malouff, J. M. (2020). Connections between curiosity, flow and creativity. Pers. Individ. Differ. 152:109555. doi: 10.1016/j.paid.2019.109555

Šimleša, M., Guegan, J., Blanchard, E., Tarpin-Bernard, F., and Buisine, S. (2018). The flow engine framework: a cognitive model of optimal human experience. Eur. J. Psychol. 14, 232–253. doi: 10.5964/ejop.v14i1.1370

Smallwood, J., and Andrews-Hanna, J. (2013). Not all minds that wander are lost: the importance of a balanced perspective on the mind-wandering state. Front. Psychol. 4:441. doi: 10.3389/fpsyg.2013.00441

Smallwood, J., and Schooler, J. W. (2015). The science of mind wandering: empirically navigating the stream of consciousness. Ann. Rev. Psychol. 66, 487–518. doi: 10.1146/annurev-psych-010814-015331

Smallwood, J., Turnbull, A., Wang, H., Ho, N. S. P., Poerio, G. L., Karapanagiotidis, T., et al. (2021). The neural correlates of ongoing conscious thought. iScience 24:102132. doi: 10.1016/j.isci.2021.102132

Stavrou, N. A. M., Psychountaki, M., Georgiadis, E., Karteroliotis, K., and Zervas, Y. (2015). Flow theory - goal orientation theory: positive experience is related to athlete’s goal orientation. Front. Psychol. 6:1499. doi: 10.3389/fpsyg.2015.01499

Stawarczyk, D., Majerus, S., Der Linden, M. V., and Dargembeau, A. (2012). Using the daydreaming frequency scale to investigate the relationships between mind-wandering, psychological well-being, and present-moment awareness. Front. Psychol. 3:363. doi: 10.3389/fpsyg.2012.00363

Thomson, D. R., Ralph, B. C. W., Besner, D., and Smilek, D. (2015). The more your mind wanders, the smaller your attentional blink: an individual differences study. Q. J. Exp. Psychol. 68, 181–191. doi: 10.1080/17470218.2014.940985

Williams, K. J. H., Lee, K. E., Hartig, T., Sargent, L. D., Williams, N. S. G., and Johnson, K. A. (2018). Conceptualising creativity benefits of nature experience: attention restoration and mind wandering as complementary processes. J. Environ. Psychol. 59, 36–45.

Winneke, A., Godde, B., Reuter, E., Vieluf, S., and Voelcker-Rehage, C. (2012). The association between physical activity and attentional control in younger and older middle-aged adults. GeroPsych J. Gerontopsychol. Geriatr. Psychiatry 25, 207–221.

Wright, J., Sadlo, G., and Stew, G. (2006). Challenge-skills and mindfulness: an exploration of the conundrum of flow process. OTJR: Occup. Particip. Health 26, 25–32. doi: 10.1177/153944920602600104

Xie, L. (2021). Flow in work teams: the role of emotional regulation, voice, and team mindfulness. Curr. Psychol. doi: 10.1007/s12144-020-01179-0

Zedelius, C. M., and Schooler, J. W. (2020). “Chapter 3 - Capturing the dynamics of creative daydreaming,” in Creativity and the Wandering Mind, eds D. D. Preiss, D. Cosmelli, and J. C. Kaufman (Cambridge, MA: Academic Press), 55–72.



OPS/images/fpsyg-13-674501-g001.jpg
Physical Activity

a, . (M) b‘tt
Mind-Wandering | c | Flow
X | c* L @
a, ™™ Mindfulness b, **
(M)






OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The impacts of mind-wandering on flow: Examining the critical role of physical activity and mindfulness



		Introduction



		Materials and methods



		Participants



		Measures



		Mind-wandering



		Mindfulness



		Physical activity



		Flow



		Data analytic plan











		Results



		Descriptive statistics and correlation analysis



		Multiple mediation analysis







		Discussion



		Limitations and future implications



		Conclusion



		Author’s note



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fpsyg-13-674501-t003.jpg
Model pathways

Total indirect effect
Mind-wandering — physical activity — flow
Mind-wandering — mindfulness — flow

IndEff (physical activity) minus IndEff (mindfulness)

*Empirical 95% CI does not overlap with zero. IndEff, Indirect effect.

Estimated

—0.0650*

—0.0128*

—0.0522*
0.0394

Lower

—0.1018
—0.0283
—0.0881

0.0025

95% confidence interval
Upper

—0.0302
—0.0039
—0.0185

0.0770





OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

The impacts of mind-wandering
on flow: Examining the critical
role of physical activity
and mindfulness









OPS/images/fpsyg-13-674501-t001.jpg
Variables

1. Age (years)

2. Wandering mind
3. Physical activity*
4. Mindfulness

5. Flow

Mean

19.62
3.19
3.77
4.20
3.82

SD

1.30
0.78
0.29
0.60
0.49

0.08
—0.03
—0.02
—0.04

—0.14**
—0.480*
—0.12*

0.07
0:16* 0;19%%

#Physical activity logarithmic transformed. *p < 0.05; **p < 0.01; ***p < 0.001.






OPS/images/fpsyg-13-674501-t002.jpg
Antecedent

X(MW)

My (PA)

M (M)

Constant

Consequent
M, (PA) M, (M) Y (F)

Coeff. SE T (p) Coeff. SE T (p) Coeff. SE T (p)

a —0.053 0.018 —2.963 a —0.375 0.033 —11.402 J —0.008 0.034 —0.231
(p <0.01) (p <0.001) (p=0817)

by 0.243 0.081 3.020
(p <0.01)

by 0.139 0.043 3.202
(p <0.01)

i1 3.940 0.058 67.496 i 5.397 0.108 49.894 iy 2.341 0.406 5.764
(p < 0.001) (p <0.001) (p < 0.001)

R?=0.020 R?=0233 R? =0.057

F(1,427) =8.778, p < 0.01

F(1,427) = 130.003, p < 0.001

MW, Mind-wandering; PA, Physical activity; M, Mindfulness; E, Flow; Coeff., Coefficient; SE, Standard error.

F(3,425) = 8.499, p < 0.001







OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychology







