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Abstract. The purpose of this study was to explore the flow dynamics during incremental velocity 
running performed until voluntary exhaustion. Twenty runners performed an incremental-velocity 
test (The Université of Montréal Track Test; UMTT) while self-reporting their “in flow” and “not 
in flow” experienced states. Task endurance was divided into five-time windows and flow state 
was plotted for each participant to determine the velocity-flow relations. Friedman ANOVA and 
Wilcoxon matched-pairs test were performed to follow the flow dynamic throughout the time 
windows. A meta-stable flow experience dynamic was revealed during the incremental running 
velocity test and an abrupt decrease of the “in flow” experience upon approaching voluntary 
exhaustion was evident. Self-monitoring flow experience dynamics can complement the 
physiological measures for monitoring exercise tolerance. 
Keywords: flow experience, self-monitoring, metastability, phenomenological perspective. 

1. Introduction 

Running is one of the most popular and practiced physical activities for maintaining fitness. 
Adherence to running depends largely on the state of pleasantness and pleasure one feels while 
exercising [1, 2]. Thus, self-monitoring and self-regulating the pace to maintain pleasure is 
recommended [3]. Some runners even report on a state called “flow”, an optimal state in which 
complete absorption in the task at hand results in several experiential qualities [4]. The balance 
between the demands of the run and the aerobic capacity of the runner is considered the main 
determinant of the flow experience [5]. However, not every pleasant running pace results in 
experiencing flow (e.g., too easy pace). Moreover, flow is associated with increased intrinsic 
motivation, which upturns the long-term running performance [6], a goal that embraces runners 
of all levels.  

The relation between flow and task performance has traditionally considered psychological [7] 
and psychophysiological factors [8]. Recently, a study has characterized flow as an embodied state, 
and flow experience as a property of the performer-environment coupling [9]. In fact, according 
to the ecological psychology, the performer and the environment are continuously integrated 
through the action-perception cycle [10], which is crucial for understanding how conscious 
experiences emerge. The information about oneself (e.g., proprioception, interoception) in relation 
to the environmental information is defined by a key concept for survival in ecological psychology: 
the informed awareness [11], which is assumed to reach the state of flow [9]. However, the relation 
of survival, fitness and health with the flow state is still an unexplored research topic.   

The balance between the demands of the activity (i.e., the environment) and the individual’s 
capacity to cope with this demand has been considered as a salient requirement for experiencing 
flow [5]. The interrelation between exercise workload and perceptual-affective responses was 
evident in several studies [12, 13]. For instance, attention (effort-related attention model) [14] and 
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affect (dual-mode model) [1] were found to change as a function of exercise intensity. Moreover, 
recent studies explored the dynamics of psychobiological variables like perceived exertion, 
attention focus, and pain feeling during exercise through self-monitoring and self-reporting 
protocols [15-18]. A noteworthy conclusion extracted from these studies is that the coupling 
between the runner’s perceptions and the environmental demands determines the fluctuation 
dynamics of these psychobiological constructs during exercise. Specifically, the dynamic 
psychobiological model of exercise-induced fatigue framework [15] proposes a flexible and 
context-dependent integration between the exerciser and the environment, where components 
transiently couple and decouple at different intensities displaying a metastable dynamic.  

The concept of metastability – the existence and evolution of systems through transient and 
semi-transient states [19] is not new. The spatiotemporal organization of brain activity through 
transient, metastable states was proposed by Kelso [20], but only recently has been experimentally 
identified at the phenomenological level [16, 21, 22]. At such phenomenological level, 
metastability is defined as a flexible integration and segregation among attentional and perceptual 
degrees of freedom that form the experiential states of the performer [18]. This line of 
investigation provides a platform for exploring the coupling and decoupling dynamics of complex 
goal-directed systems.  

The dynamic of psychobiological properties may be brought about spontaneously by 
manipulation of constraints (e.g., the velocity of the run). The term "spontaneous" means that 
changes arise without assuming involvement of superordinate processes that explicitly impose 
that change [23]. Thus, a dynamic perspective on the study of flow may guide a solid 
understanding of how velocity and effort accumulation influence the emergence/dissolution of 
this state and test its hypothesized metastable behavior. This may enrich the theory and help in 
providing practical recommendations to practitioners of all levels who seek for the multiple 
benefits of experiencing a flow state.  

The dynamic perspective for studying flow requires continuous self-monitoring and reporting 
techniques during the activity, which has already been used for capturing the dynamics of 
psychobiological variables such as attention focus [22], perceived exertion [21] and pain [17]. 
Even though being aware of flow during the activity is considered counterproductive as it inhibits 
one’s ability to merge action and awareness [24], it can be argued that running is a cyclic and 
simple type of activity and is less affected by the conscious awareness of flow. Furthermore, the 
use of non-verbal self-report signals must not hinder the flow experience which has already been 
reported by elite golfers [25]. 

Accordingly, the purpose of this research was to study the dynamic of the “flow experience” 
during an incremental velocity-running test performed until voluntary exhaustion. Drawing upon 
a complex dynamic approach, we hypothesized a meta-stable flow experience during incremental 
velocity running, alternating the “in flow” and “not in flow” states, with a decrease of the “in flow” 
experience upon approaching voluntary exhaustion. 

2. Method 

2.1. Participants  

Twenty Caucasian voluntary Sport Science students (14 males and 6 females; 𝑀 = 20 years 
old, 𝑆𝐷 = 4.94), previously familiarized with the motor and cognitive tasks of the experiment and 
with the required self-monitoring and self-reporting abilities, participated in the study. They had 
no specific running training experience but were undergoing regular aerobic exercise  
(𝑀 = 5.98 h/week, 𝑆𝐷 = 2.70). Exclusion criteria consisted of current or previous injury affecting 
the test, and any other condition that may prevent the performance of a maximal exercise protocol.  
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2.2. Intervention and procedure 

The general aims of the study were explained and discussed with the participants prior to 
signing the written informed consent. The experiment was approved by the local research ethical 
committee (Comité d’Ètica d’Investigacions clíniques de l’Administració Esportiva de Catalunya). 

Running task. The Université of Montréal Track Test (UMTT) [26] was performed on a 200 
m outdoor natural grass track with inclined curves (ratio = 16 m) and pace markers (red pylons) 
set every 50 m. The runners were paced using a pre-recorded tape with sound signals. The first 
stage was set at a walking velocity (i.e., 6.00 km·h-1); thereafter the velocity increased gradually 
every 2-min (see Fig. 1 for specific velocity in each stage). Participants were instructed to 
complete as many stages as possible. The test was terminated voluntary, and/or when participants 
could not reach two consecutives pylons at the required time.  

Perceived demands and manipulation check. Following a 2-min cool-down period, participants 
were asked to rate the questions “for me, personally, the current demands of the run was…” on a 
Likert-type scale ranging from 1 (very low) to 9 (very high), and also “did you run as much as you 
could have?” and “have you reported all the changes of your flow state?” on a Likert-type scale 
with anchors ranging from 0 (not at all) to 10 (greatly).  

Flow monitoring and reporting procedures. To record the dynamics of flow experience during 
the run participants were asked to self-monitor and self-report changes of their flow experience 
using a continuous online paradigm [27, 28], a widely applied strategy in the attention focus 
literature [18, 21, 22]. Examples extracted from the Spanish version of the Flow State Scale  
[29, 30] were used for making the runners familiar with the experience of flow, including, “I felt 
in total control of what I was doing,” “I had a total concentration,” and “the experience left me 
feeling great”. Accordingly, the spontaneously emerging experiences of “in flow” and “not in  
flow” during the run were signaled through previously agreed, visible and distinguishable arm 
signs (right arm to indicate “in-flow” and left arm, “not in flow”). Participants were left free to 
report the “in flow” or “not in flow” state as many times they felt doing so. Each report was 
recorded with the corresponding time in which it happened. This procedure was identical to that 
used by previous authors [21], which was found to be more adequate than verbal reporting when 
fatigue accumulates [22]. 

2.3. Data analysis 

The self-reported “in flow”/“not in flow” experiences while running were plotted for each 
participant to obtain velocity-dependent relations in the data series. Specifically, the series of each 
participant (i.e., time until test termination) were divided into five equal non-overlapping windows 
to obtain percentages of “in flow” in those windows:  Number of "in flow" reports in each time window × 100mber of total reports in each time window . (1)

The null hypothesis of a constant median over time was tested by means of a nonparametric 
repeated-measures Friedman analysis of variance (ANOVA). Wilcoxon matched-pairs test 
analysis was also performed to test statistically significant differences among the time windows 
(1st and 3rd; 1st and 5th; 3rd and 5th). Effect sizes (Cohen’s d) were computed to demonstrate 
means’ differences where effects approached 𝑝 < 0.05 level. The number of runners finishing “in 
flow” and those finishing “not in flow” was compared by using Chi square test. 
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3. Results 

3.1. Manipulation check 

Participants reported a medium-high level of commitment to the running test  
(𝑀 =  7.21 ± 2.04) and adhered strongly to the reporting procedures (𝑀 =  8.0 ± 1.84). The 
perceived demand of the UMTT was rated as medium-high (𝑀 = 6.23, SD = 1.63 of 9-point rating 
range). The running time was 𝑀 = 23.03 min, 𝑆𝐷 = 2.51.  

3.2. Flow dynamics 

Fig. 1 displays four examples of individual time series where both “in flow” and “not in flow” 
reports are shown. The total number of reported changes oscillated among 11 and 1, respectively 
(𝑀 = 3.7 ± 2.5). Participants alternated, following an idiosyncratic dynamic, the “in flow” and 
“not in flow” reports during the run, and completed the task following a “not in flow” report. The 
Chi square test revealed a significant effect, 𝜒ଶ (𝑁 = 20, 𝑑𝑓 = 1) = 9.82; 𝑝 < .002, indicating that 
more participants finished after reporting “not in flow” (𝑁 =  17; 85 %) than “in flow” state  
(𝑁 = 3; 15 %).  

 
Fig. 1. Example of four typical individual time windows and velocity showing the dynamics of reporting 

“in flow” and “not in flow” states. Notice that the introspective reports lack magnitude. Prior to the point of 
voluntary exhaustion and effort termination, the “not in flow state” was significantly (𝑝 < 0.05) dominant 

3.3. Velocity-dependent “in flow” state 

Fig. 2 shows the median percentages of self-reported “in flow” states in the five velocity 
windows. The median started at 100 % (1st window) and decreased to 84 % and 50 % in the 
second and third window, respectively. In the fourth window, however, it increased slightly to 
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67 %, to finally decrease abruptly to 25 %.  
The Friedman ANOVA applied to the five intervals (𝑁 = 20, 𝑑𝑓 = 4) revealed a significant 

effect, 𝜒ଶ  (20, 4) = 22.75, 𝑝 <  0.001, of running velocity over the “in flow” experiences. 
Considering the “in flow” condition, the Wilcoxon test showed differences between the following 
intervals: 3rd and 5th 𝑝 < 0.001; 1st and 5th: 𝑝 < 0.001) with Cohen’s d coefficients: d(1st vs. 
3rd intervals) = 0.22, d(1st vs. 5th) = 1.35, and d(3rd vs. 5th) = 1.28. 

 
Fig. 2. Velocity-dependent median percentages of reporting “in flow”  

during the Université of Montréal Track Test 

4. Discussion 

Studying the dynamics of the flow experience during an incremental running velocity test 
revealed a metastable dynamic alternating the “in flow” and “not in flow” states, with an abrupt 
decrease of the “in flow” experience upon approaching voluntary exhaustion. The results also 
revealed unique flow pattern in the runners. Each one reported to be “in flow” and “not in flow” 
during different stages of the running task. Moreover, we noticed that the reports did not 
correspond to the regular velocity changes imposed by the running task protocol. These findings 
are supported by Swann et al.’s [8] argument that “flow seems to result from the interaction of 
internal states (e.g., focus, arousal, motivation, confidence, thoughts, and emotions), external 
factors (e.g., environmental and situational conditions) and behavioral factors (e.g., preparation)” 
(p. 813). As these boundary conditions were different among individuals and evolved at different 
time scales of observation [31], no identical flow dynamics were observed. Specifically, each 
runner maintained his/her own personal and environmental constraints, and each one of them 
evolved at their own pace. For example, and in line with the current findings, personal values and 
motivation evolve slowly compared to mood, affective valence and perceived effort [15]. 

The observed metastability of the flow state during the run in the current study reflected a 
relatively soft (i.e., flexible) coupling and integration between the involved component processes 
sensible to random perturbations. Specifically, small changes in perceived effort, pain, or fatigue 
could produce a change of the flow state report. In contrast, the stability of the “not in flow” state 
observed at the end of the running task reflected a weak coupling between the component 
processes and a small perturbation leading to voluntary exhaustion. The metastable dynamics, a 
subtle interval between both stability/instability extremes [20, 22, 32], that seems to provide the 
very much needed flexibility of psychobiological processes was dominant during the run. Previous 
findings, which used introspective experiences, have revealed such metastable dynamics 

 Median

     25%-75%

     Min-Max
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performing different types of exercise [16, 22, 33, 34]. 
The observed evolution of the median values of the “in flow” reports during the run indicates 

that the changes of personal constraints produced by the increasing velocity and effort 
accumulation affected the flow state. The dominant “in flow” experience in the first velocity 
window matched with Swann, Crust, and Vella’s [35] findings, where athletes described being in 
flow from the start of the race. The results in the fourth velocity window, where percentages of 
“in flow” reports increased moderately from 50 % to 67 %, can be related to the possibility of 
restoring or reinstating flow after disruption. In a previous study, 81 % of athletes perceived it as 
possible to do so [36]. From the dynamic perspective, these state changes are attributed to the 
continuous creation/dilution of psychobiological synergies [15]. For example, in the case of 
attention allocation, the spontaneous reallocation of attention focus toward motivational task 
related thoughts compensates the power reduction of fatigued motor units [21]. The stabilization 
of every new synergy increases the efficiency of the system; the destabilization, in turn, results in 
the opposite effect. 

Approaching the effort termination stage, the “not in flow” state was the dominant response 
reported by 75 % of the runners. This abrupt change in the dynamics approaching exhaustion has 
been also found in previous studies investigating other psychobiological variables. As physical 
workload increases, attention allocation shifts from dissociation to association [13, 14, 22], 
affective responses shift negatively (displeasure) [1, 37], and at the point of termination, and 
shortly preceding it, participants were unable to form a new synergy to stabilize their perceived 
exertion shifts [16]. In fact, volitional exhaustion has been explained by the loss of stability 
mechanism [38, 32].  

Two effort phases, metastable and stable (close to termination), respectively, have been also 
distinguished in constant and incremental power exercises performed until exhaustion when 
studying the dynamics of psychological variables [13, 14, 16, 17, 22] and when testing a similar 
population in different environments [34], thereby confirming the robustness of the current 
findings.  

Unlike the retrospective data collection strategy used in previous research on flow, this study 
proposed an online protocol, based on methodologies of cognitive science [27, 28, 39]. This 
methodology has been proved successful for capturing the dynamics of psychobiological variables 
such as attention focus [22], perceived exertion [21] and pain [17]. To the best of our knowledge, 
it is the first time that flow was self-monitored and self-reported during a physical task. The reason 
consists of the common believe that self-monitoring may impair the flow state. For instance, 
Csikszentmihalyi’s [24] has stated that consciously being aware of flow during the activity is 
counterproductive and inhibits one’s ability to merge action and awareness. In favor of 
self-monitoring the flow state on line, one can be argued that running is a simple cyclic type of 
activity and is less affected by the conscious awareness of flow. In addition, reporting through arm 
signs did not hinder the flow experience during the running test. From another perspective, the 
“loss of self-consciousness” was reported by less than 30 % of the sampled athletes [8]; thus, 
questioning the specific flow dimensions and the relation between self-consciousness and the 
capacity to perceive flow. Nonetheless, in the literature it is already suggested that flow awareness 
is achievable [25]. 

The present findings share some practical implications. Instead of monitoring the training and 
competition workloads solely based on metabolic and physiological indices, the self-monitored 
flow method proposed herein may contribute to the accuracy of self-perception in the performer. 
Moreover, it can also prove to be a trustworthy tool for individualized monitoring safe practices 
[40]. Therefore, the flow dynamics may serve in recognizing the stability or instability profile of 
individual workloads. In sum, coaches can monitor psychophysiological states of athletes, help 
them identify individualized performance optimization strategies, and use biofeedback techniques 
to improve self-regulation. Also, recognizing the relation of flow dynamics and running pace can 
contribute to the non-elite runners’ long-term engagement allowing to increase and control the 
running intrinsic rewarding experience. 
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Concerning the study’s limitations, participants in this study were young and active  
individuals. Consequently, caution is warranted when generalizing current findings to participants 
with different fitness levels. However, the consistency of the flow experience dynamics suggests 
that the qualitative results of this study may as well hold true for participants with different fitness 
levels. Also, running exercises with constant workload conditions may provide further insight into 
this concern. 

By studying flow dynamics during incremental velocity running, a metastable behavior was 
revealed and an abrupt decrease of “in flow” experience upon approaching volitional exhaustion 
was evident. Self-monitoring flow experience can complement the use of physiological measures 
for a safe control of running velocity. Although its effectiveness must be further tested, the on-line 
self-monitoring of flow must be considered closely within performance-related research and 
application realms.  

5. Summary 

The dynamic of “flow experience” was investigated using an on-line self-monitoring method 
during an incremental velocity-running test performed until voluntary exhaustion. Results showed 
a meta-stable flow experience. The changes between “in flow” and “not in flow” states do not 
correspond to the imposed velocity changes. This finding points to flow as a complex, nonlinear 
process resulting from the performer-environment interaction. The online protocol proposed in 
this study can be used to capture the dynamics of flow, and could be also applied to self-monitor 
training and competition workloads, as well as for safe and individualized monitoring practices. 
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