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Executive Summary 

Flow, an optimal experience often referred to as being ‘in the zone’, has been studied 

extensively for more than 50 years and is widely recognised in the scholarly literature and popular 

culture. Commonly linked with high performance, deep engagement, and considered a buffer to 

stress and anxiety, flow is thought to be a valuable facet of human experience. In recent years, 

however, scholarly criticism regarding a range of conceptual, measurement, and applied issues has 

led to recent appraisals that “flow research is approaching a crisis point” (Swann et al., 2018; p. 

249). In this doctoral thesis, I aimed to consolidate and advance our understanding and application 

of the construct ‘flow’. To do so, a cross-discipline scoping review to examine flow-related research 

across domains was first undertaken. Following conclusions that review sources (across scientific 

disciplines) shared common over-arching conceptual themes regarding antecedents, experiential 

dimensions, and outcomes of flow, a new instrument designed to measure psychological flow was 

developed and assessed for aspects of validity. Lastly, the feasibility and preliminary efficacy of a 

newly-developed educational flow training program was evaluated to further our understanding of 

achieving flow. 

This thesis is presented in a series of chapters, with Chapters 2, 3, and 4 representing 

independent works that have been accepted or submitted for publication in peer-reviewed journals. 

A brief background to the concept of flow and a rationale for the work presented in this doctoral 

thesis is presented in Chapter 1. Then, in Chapter 2, a comprehensive scoping review (236 sources)  

maps flow-related research across scientific disciplines, examining conceptualization, measurement, 

and outcomes of flow. Despite substantial differences employed in those review sources when 

studying flow, a parsimonious and common set of overarching antecedent constructs (i.e., optimal 

challenge, high motivation), descriptive themes of the flow experience itself (i.e., absorption, effort-

less control, intrinsic reward), and preliminary outcomes (i.e., positive development, high 
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functioning, further engagement) are described. A contemporary framework, definition, and 

‘language’ for flow—that can be used across scientific disciplines—is proposed.  

Based on the review findings in Chapter 2, a new Psychological Flow Scale (PFS) was 

developed as a domain-general measure of flow. Research on the validation of that instrument 

across >900 pax is presented in Chapter 3. Item development involved a phase of theoretical 

scrutiny, review of existing instruments, item generation, and expert review of items. Bi-factor 

analyses then showed satisfactory fit for three distinguishable dimensions ‘under’ a single general 

or higher-order factor (i.e., global flow score). Together with correlation results assessing specific 

external aspects of validity, Chapter 3 presents preliminary evidence for the theoretical and 

operational suitability of the PFS as a (domain-general) measure of flow. This instrument is an 

important advancement for the field of flow science and the measurement of flow as it addresses 

many of the previous measurement criticisms, is based on a parsimonious framework of flow, and 

provides the opportunity for comparable cross-disciplinary research.  

Despite the increasing volume of applied flow literature, no 'gold standard' or widely used 

intervention for flow exists. In Chapter 4, therefore, we aimed to develop an educational flow 

training program and conducted a single-group, non-randomized feasibility trial to evaluate 

participant retention, experiences in the program, perceptions of the flow training, perceptions of 

the program effectiveness, and preliminary assessments of flow and relevant outcomes. The study 

(in Chapter 4) provides evidence indicating preliminary efficacy of the program in terms of 

increasing flow, performance, confidence, well-being, intrinsic motivation, interest, autonomy, and 

reductions in, and abilities to handle, stress and anxiety. The feasibility trial offers the foundations 

for a larger experimental trial and valuable suggestions to further develop an effective flow training 

program. 

In Chapter 5, overall conclusions, limitations, and recommendations are offered with the 

aim of providing future researchers with specific areas of focus to continue this work and further 
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advance our conceptualisation, measurement, and application of flow. A brief discussion also 

outlines how flow sits within wider literature. 

In a society in which stress management and performance expectations are prevalent, and 

with positive psychology literature increasingly prominent, the study and application of optimal 

experience offers important insight for human science. This thesis extends Csikszentmihalyi’s 

(2014) career-long work on optimal experience by advancing our understanding of the 

psychological state of ‘flow’. It does this by objectively mapping (contextualised with the latest 

research on flow) the extent of flow research across scientific disciplines and synthesising the 

commonalities (and differences) between flow perspectives. This thesis also offers a domain-

general measure of flow that can be applied across disciplines, and sheds further insight to the 

manipulation of flow for applied practitioners. It is my hope that this collection of work helps to 

stimulate a new chapter in flow science and continue to establish flow as a central construct to 

human experience and behaviour.   
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Chapter 1: Thesis Introduction 

1.1 Background  

The study of optimal human functioning can be traced back to Aristotle’s work within the 

Platonic Academy (367-347 BC; McKeon, 2009) or Maslow’s Hierarchy of Needs (Maslow & 

Lewis, 1987). In 1975, however, Csikszentmihalyi, a researcher studying happiness at the time, 

inquired into an optimal state of being that he later termed ‘flow’. Csikszentmihalyi reported that a 

diverse range of individuals—such as painters that painted into the early hours of the morning or 

climbers who took great risk climbing all day, yet only spent a few minutes at the summit—were 

motivated into action beyond the norm of extrinsic rewards or desire for basic needs (such as food 

or sleep) due to the attainment of a common psychological state of absorption, which individuals 

remarked to be their most memorable and rewarding experiences in life. Since, the construct of flow 

has become a central theme to ‘positive psychology’ (i.e., the scientific study of what makes life 

most worth living, focusing on both individual and societal well-being), attracting attention from 

both academic researchers and the popular media (Rich, 2013). Csikszentmihalyi’s book ‘Flow: The 

psychology of optimal experience’, for example, has attracted over 40,000 citations, whilst his TED 

talk titled “Flow, the Secret to Happiness”, has attracted more than 6.5 million views. Positioned as 

an optimal experience, the flow state is commonly linked with peak performance, motivation, 

enjoyment, continued engagement, and a buffer to stress and anxiety, making flow one of the most 

attractive facets of human experience (e.g., Csikszentmihalyi, 2014; Flett, 2015; Llorens & 

Salanova, 2017; Peifer et al., 2014; Sadlo, 2016; Swann et al., 2017; Waples & Knight, 2017). 

Csikszentmihalyi (1975) first conceptualised the experience of flow through a series of 

thematic analyses that examined participants’ reflection across a career-full of past. 

Csikszentmihalyi conceptualised the experience of flow in to nine dimensions: 1) Challenge-skills 

balance (i.e., matching perceived skills and challenges in a particular situation); 2) Merging of 

action and awareness (i.e., where deep involvement leads to automaticity and spontaneity); 3) Clear 
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goals (i.e., clear purpose and grasp of what to do next); 4) Unambiguous feedback (i.e., direct and 

immediate feedback about one’s effectiveness in the moment); 5) Concentration on the task at hand 

(i.e., exclusion of any unnecessary distractions); 6) Sense of control (i.e., a high sense of personal 

control or agency over the activity); 7) Loss of self-consciousness (i.e., worrying about oneself and 

what others may think of him or herself cease to exist); 8) Transformation of time (i.e., one's 

subjective experience of time is distorted); and 9) Autotelic experience (i.e., an intrinsically 

rewarding activity, an end in itself) (adapted from Jackson & Csikszentmihalyi, 1999). This nine-

dimensional model has since been used as a conceptual foundation in the majority of flow-related 

literature to date.  

Over the years, flow research has featured in a wide range of contexts (e.g., sport, 

workplace, music; Jackson & Csikszentmihalyi, 1999; Llorens & Salanova, 2017; Hytonen-Ng, 

2016), sub-disciplines of psychology (e.g., cognitive psychology, personality psychology; Dietrich, 

2004; Mikicin, 2007), and across other scientific disciplines (e.g., neuroscience, sociology, 

physiology; Sadlo, 2016; Neitz & Spickard, 1990; Keller et al., 2011). As popularity of the concept 

has risen, however, both the application of flow and the construct itself have received growing 

criticism surrounding measurement variability (e.g., Mallet, 2016), dimensional inconsistency (e.g., 

Mahnke et al., 2012), lack of causal relationships (Swann et al., 2018), and general diversification 

in how researchers have constructed flow—often customising terminology and interpretation to 

better suit their own context (also see Engeser & Schiepe-Tiska, 2012; Huang, 2006; Kawabatta 

& Mallett, 2016; Mahnke et al., 2012). This inconsistency has led to a growing number of studies 

utilising varying constructs of flow (with differing descriptions, terms, and dimensions) that have 

led to incomparable research since they are measuring or narrating on different constructs. The 

continued criticism surrounding the conceptualisation of flow has also led to researchers such as 

Swann and colleagues (2018) concluding that flow science may be at a ‘crisis point’ because the 

most widely-accepted flow model (Csikszentmihalyi’s nine-dimensional model) conflates multiple 
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states, is too descriptive and not sufficiently mechanistic to be considered a theory nor allow for 

experimental research. This statement of a 'crisis point', highlights that flow, conceptually speaking, 

is in need of a comprehensive review before advancements can be made in the fields of 

measurement and application.   

1.2 Research Significance 

The ability to generate flow experiences is an extremely attractive prospect to 

practitioners desiring the experience of flow and associated outcomes (e.g., engagement, 

performance). However, flow is complex in nature and easily misunderstood (Hytönen-Ng, 2016). 

Understanding, measuring, and manipulating flow is by no means straightforward; scientifically 

examining subjective experience and consciousness is challenging (Searle, 1993). If we are to 

advance our application of optimal human functioning, the continued scientific pursuit to 

understand how flow can be best conceptualised, measured, and operationalised requires further 

attention. Applied research on flow exists across scientific disciplines (e.g., psychology, 

psychotherapy, and neuroscience; Pelet, 2017, Riva et al., 2016, Ulrich et al., 2014), though the 

conceptualisations and instruments used to measure flow have varied considerably making it 

difficult to compare the research findings and establish a firm research agenda. For example, Ulrich 

et al. (2014) utilised a progressive (to match previous performance) difficulty level to measure flow. 

Pelet (2017) measured flow through the measurement of (1) high levels of skill and control, (2) high 

levels of challenge and arousal, (3) focused attention; and (4) interactivity / telepresence. Although 

these two varying measurement tools for flow may bare resemblance, it could equally be argued 

that they are testing different things. On starting this thesis, it was deemed important, first and 

foremost, to seek clarity around how flow is conceptualised as a unique construct.  

Lakatos (1970) suggests that in order to reach a place of conceptual coherence for a 

construct with theoretical dissension, a critical reflection on both the arguments for the ‘defence’ 

and ‘attack’ of existing theoretical paradigms can spur continued theoretical evolution and scientific 
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progress (Swann et al., 2018).  Despite a range of literature reviews on flow, only a few systematic 

and rigorous reviews on flow exist, and the few systematic reviews that do exist are limited to 

specific domains (e.g., Chirico et al., 2015; Jackman et al., 2019; Perttula et al., 2017; Norsworthy 

et al., 2017; Swann et al., 2012). To effectively evaluate the construct of flow for theoretical discord 

(or agreement), it was deemed necessary to undertake a review that could synthesise theoretical 

works (i.e., sources that directly discuss the conceptualisation of flow—as opposed to citing other 

sources or measuring flow as a secondary outcome) across disciplines to help examine the extent, 

range, and nature of research activity on flow. In doing so, the aim of this thesis was not to add to 

the literature on flow with another literature review (i.e., “personal position” piece; e.g., 

Abuhamdeh, 2020; Engeser, 2012a; Nakamura & Csikszentmihalyi, 2014; Harmat et al., 2016). 

Rather, the purpose of this thesis was to examine the construct of flow through a more systematic 

methodology (i.e., charted systematic review) that is inclusive of all scientific disciplines, and then, 

based on any coherent findings, further examine how best to measure and achieve flow.  

1.3 Overview of Thesis Aims 

The purpose of the work in this thesis was to consolidate and advance our 

conceptualisation, measurement, and application of flow. On thesis commencement, there was 

obvious ambiguity and discordance among the literature on how to conceptualise and measure flow. 

To be abreast all these varying research positions, it was deemed imperative to initially run a large 

review of the literature to date. To do so, an in-depth cross-discipline scoping review (which 

adhered to established scoping review guidelines and protocols) aimed to bring together—and chart, 

in one place—the varied conceptualisations of flow that have appeared in the flow literature. 

Following this review, we aimed to bring an initial level of clarity to the measurement of 

psychological flow by reporting the development and validity of a new instrument that could be 

used across domains and scientific disciplines, providing a foundation for further validity (cross-) 

testing. Lastly, with the aim of bridging the gap between science and practice, and with the goal of 
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making this thesis practically relevant for practitioners, a feasibility and preliminary efficacy trial 

was conducted on a new intervention for the achievement of flow states.  

1.4 Scope of Thesis 

Much of the below focuses on the timeframe of the scoping review in Chapter 2, this is 

because the following chapters are derived form the findings of this review, which is based on the 

review scope. The review and scope thereof form the bedrock of this thesis and informs a large part 

of the literature review for Chapter 3 and 4, special attention is given to the timeframe of this 

review.  

For the scoping review, it was deemed necessary to include literature from all domains 

and scientific disciplines to ensure a range of perspectives were included when understanding the 

conceptual divergence of flow research. Considering the popularity of flow with practitioners, it 

was also deemed appropriate to widen the scope of work beyond peer-reviewed journals to include 

doctoral theses and book chapters addressing the conceptualisation of flow. To limit the scope to an 

achievable volume of literature, therefore, the date of publication was deemed most appropriate to 

limit. After an initial review of the literature (prior to beginning the scoping review), the year of 

2012 stood out as a suitable cut-off point from which to include research on flow and optimal 

experience. Most notably, it was 2012 when Engeser produced a seminal review on flow (Advances 

in Flow Research) that included contributions from numerous flow researchers, including 

commentary from Csikszentmihalyi. One of Engeser’s aims was to—from that point forward—

bring greater coherence and consistency to the (often previously inconsistent) conceptualisation and 

measurement of flow (see Engeser’s 2012 article: Theoretical integration and future lines of flow 

research). As such, many consider/ed this text an important stimulus for (what could have become) 

a new generation of flow-related research (e.g., Csikszentmihalyi, 2012). In preparing our review, 

we wanted to determine whether indeed this piece had brought greater coherence to the field (since 

2012). And, although systematic reviews on flow have been published since 2012 with the same 
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broad aim (e.g., Chirico et al., 2015; Nakamura & Csikszentmihalyi, 2014), these reviews have 

typically focused on a specific domain or specific questions, rather than examining flow science in 

its entirety (i.e., across multiple conceptual issues and multiple contexts, as this thesis attempted to 

do). Second, 2012 was also the year when Peifer published the article titled, ‘Psychophysiological 

correlates of flow-experience’. This piece is considered partly responsible for a proliferation—since 

2012—of what might be termed ‘non-psychological’ flow-related research. Much (if not all) of the 

emerging physiological, psychophysiological, and neuroscientific based research on flow, for 

example, has been published in the years since 2012 (e.g., Harris et al., 2017). Finally, flow 

researchers have tended to either describe flow (in their own words) or refer to specific quotes from 

Csikszentmihalyi when defining flow. In 2012, however, Baumann published an article ‘Autotelic 

Personality’, and specifically presented three different flow definitions (not descriptions) 

encompassing different research disciplines (general, cognitive, affective); in this piece, Baumann 

was one of the first to label and posit a precise definition of flow—up to that point authors had 

frequently described flow (often through describing certain characteristics of flow) within a 

narrative but not purposefully offered a concise definition designed for other researchers to utilize. 

Importantly, despite these efforts to bring clarity to the field, there still appeared to be a degree of 

inconsistency in the work emerging (since 2012) in this area (see Kawabatta & Mallett, 2016). As a 

result, we felt that 2012 was an appropriate point from which to trace flow-related research for this 

doctorate. Additionally, many of the sources from 2012 provided comprehensive overviews of the 

literature prior to 2012, which also helped to reinforce the suitability of this start date in which to 

review theoretical works on flow (e.g., Engeser & Anja Schiepe-Tiska, 2012. For further clarity, 

please also see the introduction of Chapter 2 in which we provide additional rationale for the 2012 

date selection.  
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No time parameters or domain restrictions were attributed to the literature review in 

Chapter 2 and 3, though both narrative reviews only considered peer review journals. See each 

chapter for specific inclusion/exclusion criteria. 

1.5 Chapter Structure 

The following sections of this thesis include four main chapters (Chapter 2, 3, 4 & 5). 

Chapter 2 reports on the scoping review conducted to map flow-related research across scientific 

disciplines and examine the conceptualization, measurement instruments, and outcomes of flow. 

Chapter 3 then describes the development, analysis, and assessment of the external aspects of 

validity of flow scores derived from a new psychological flow scale. Chapter 4 details the 

development and preliminary efficacy for a flow training program designed to examine how flow 

may best be achieved. Lastly, Chapter 5 discusses general conclusions, limitations, and 

recommendations that provide a foundation for future research. 
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Chapter 2: Advancing Our Understanding of Psychological Flow: A Scoping Review of 

Conceptualizations, Measurements, and Applications 

 

2.1 Abstract 

Research on psychological flow is well established, although criticisms remain regarding 

conceptual and measurement issues associated with the construct. This scoping review maps flow-

related research across scientific disciplines, examining the conceptualization, measurement 

instruments, and outcomes of flow between 2012 and 2019. Across 236 sources that met the review 

criteria, 108 different flow-related constructs were measured by 141 instruments, and 84 possible 

antecedents were identified. Despite the varied approaches, a common set of overarching antecedent 

constructs included ‘optimal challenge’ and ‘high motivation’, and recurring characteristics of the 

flow experience itself included ‘absorption’, ‘effort-less control’, and ‘intrinsic reward’. Applied 

studies—albeit inconsistent in approach and largely correlational in nature—predominantly linked 

flow to ‘positive development’ (i.e., well-being and health), ‘high functioning’, and ‘further 

engagement’. We contextualize the findings of the review relative to important work on flow that 

has recently emerged (following the review period)—in doing so, we hope this review offers a 

contemporary framework that can be used for the study of flow across scientific disciplines.  

2.2 Introduction 

In his pursuit to understand what brings meaning to one’s life, Csikszentmihalyi (1975) 

described a unique type of intrinsically rewarding, or ‘autotelic’, experience, which later he defined 

as ‘flow’. Deriving from the Greek words auto (self) and telos (goal), an autotelic experience 

referred to an experience so rewarding that participation alone was the goal. In Csikszentmihalyi's 

original interviews, participants consistently described an intrinsically rewarding, harmonious 

psychological state of total focus and absorption that facilitated a fluidity to their actions and a 

playfulness to their efforts as if the experience was ‘flowing’ like water (Csikszentmihalyi, 1975). 
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Csikszentmihalyi has since outlined nine dimensions associated with the flow experience: 1) 

Challenge-skills balance (i.e., matching perceived skills and challenges in a particular situation); 2) 

Merging of action and awareness (i.e., where deep involvement leads to automaticity and 

spontaneity); 3) Clear goals (i.e., clear purpose and grasp of what to do next); 4) Unambiguous 

feedback (i.e., direct and immediate feedback about one’s effectiveness in the moment); 5) 

Concentration on the task at hand (i.e., exclusion of any unnecessary distractions); 6) Sense of 

control (i.e., a sense of personal control or agency over the activity); 7) Loss of self-consciousness 

(i.e., when the self disappears, worrying about oneself and what others may think of him or herself 

cease to exist); 8) Transformation of time (i.e., one's subjective experience of time is altered); and 

9) Autotelic experience (i.e., an intrinsically rewarding activity, an end in itself) (adapted from 

Jackson & Csikszentmihalyi, 1999).  

Further work has been undertaken to position these factors as antecedents, core experiences, 

or outcomes of flow. For instance, Nakamura and Csikszentmihalyi (2009; 2014) outlined that 

‘challenge-skills balance’, ‘clear goals’, and ‘unambiguous feedback’ dimensions may be 

considered structural task characteristics or proximal conditions to flow, whereas the other six 

dimensions describe the experience itself. Despite some support for the nine-dimensional model 

(Jackson & Eklund, 2002; Nakamura & Csikszentmihalyi, 2002), evidence of correlations between 

the other eight dimensions and the ‘challenge-skill balance’ dimension (Beard & Hoy, 2010; 

Engeser & Rheinberg, 2008; Jackson & Marsh 1996) has resulted in many researchers utilizing only 

the ‘challenge-skill balance’ dimension when attempting to operationalize flow—therefore 

examining flow as a unidimensional construct (Fong et al., 2015).  

Understanding, measuring, and describing flow is by no means straightforward. Flow is 

complex in nature—it encompasses, for example, both hedonic (i.e., intrinsic reward or pleasure) 

and eudaimonic (i.e., use of an individual’s skills and abilities leading to individual and cultural 

progressive development) characteristics (Seligman 2002; Vittersø, & Søholt, 2011). It could also 
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be argued that there is something paradoxical about the high concentration levels (and associated 

physiological symptoms of effort) that are proposed to co-occur alongside effortless attention and a 

fluidity of performance. Despite such complexities, flow research has become and remains popular 

across sport, educational, health, and organizational psychology domains. Importantly though, 

alongside empirical reports of flow antecedents, correlates, experiences, and interventions, work in 

these areas over the last decade has also been characterized by critiques of the conceptualization 

and measurement of the construct. Broadly, these critiques have highlighted four important 

considerations—specifically, issues relating to construct validity, theoretical compatibility, 

relational ambiguity, and definitional inconsistency.  

With respect to construct validity, it has been recognized that flow dimensions may vary 

between activities—that is, that not all nine dimensions are necessary to experience flow in varying 

contexts (e.g., Boyd et al., 2018, Corbatto, 2018, Kawabatta & Mallett, 2016). For example, in an 

educational setting, Heutte et al.’s (2016) factor analysis showed the dimensional use of ‘cognitive 

absorption’, ‘time transformation’, ‘loss of self-consciousness’, and ‘autotelic experience’ to 

measure flow (dimensions––challenge/skill balance, clear goal, unambiguous feedback and high 

sense of control––were merged into one antecedent (factor). Further, Sinnamon et al. (2012) 

suggested that the dimensions of ‘merging of action and awareness’ and ‘loss of self-consciousness’ 

may not be valid dimensions for musicians, and Swann et al.’s (2012) systematic review in elite 

athletes highlighted that less than 30% of athletes in included studies reported the dimensions of 

‘loss of self-consciousness’ and ‘transformation of time’. In addition to contextual variability, 

construct validity has also been questioned due to (a) some researchers not including any of the nine 

dimensions when measuring flow (e.g., Zito et al., 2018), (b) certain dimensions (e.g., ‘time 

transformation’) exhibiting only modest relationships with the other dimensions (see, for example; 

see Jackson & Eklund, 2002), (c) additional experiential dimensions beyond the nine ‘core’ aspects 

being frequently reported (e.g., “bodily sensations”; Chavez, 2008; Jackman et al., 2017), including 
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other widely used psychological constructs (e.g., arousal, motivation, confidence; see Swann et al., 

2012) that do not naturally fit into one of the nine dimensions, and (d) conflating multiple 

constructs (i.e., clutch states and flow states; Swann et al., 2017). Also see S2, Comparison to the 

Construct of Flow. Swann et al. (2012) further highlighted that much of the research that led to the 

nine-dimensional model maybe distorted and inaccurate—, Csikszentmihalyi’s (1975) flow model 

was based on qualitative reports that gave career-based perspectives that may have conflated 

multiple experiences into one, rather than examining even-focused perspectives. 

In terms of theoretical compatibility, Csikszentmihalyi’s (1990) nine-dimensional model 

utilizes terms that are not commonly utilized in scientific research (e.g., autotelic experience, 

merging of action and awareness), and in some respects, these constructs can be difficult to align 

with existing research or theory. For example, self-efficacy appears to be characterized in three 

different flow dimensions—'challenge-skill balance’, ‘clear goals’, and a ‘sense of control’ (e.g., 

Jackson & Csikszentmihalyi, 1999)—which indicates a degree of intra-dimensional overlap and 

poses problems for any theoretical integration efforts. Moreover, Swann et al. (2018) suggested that 

Csikszentmihalyi’s (1990) nine-dimensional model should not be considered a ‘theory’ as it lacks 

clear causal constructs and outcomes, making it difficult to examine experimentally or integrate 

with other theories.  

Regarding relational ambiguity, Engeser and Schiepe-Tiska (2012) argued that although the 

nine dimensions of flow actually include antecedents, experiential constructs, and outcomes to flow, 

no interactional relationships are proposed or offered in the model (see also Guertin, 2016). 

Consequently, for example, some researchers regard concentration and enjoyment as elements of 

the flow experience (e.g., Ghani, 1995), while others view concentration as an antecedent and 

enjoyment as an outcome of flow (e.g., Chen, 2006). Finally, in terms of definitional inconsistency, 

it is recognized that definitions of flow vary immensely—even those presented by Csikszentmihalyi 
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himself—and that many are not wholly compatible with the nine-dimensional model (Cheng, 2014; 

Hoffman & Novak, 2009; Swann et al., 2018). To illustrate, working definitions of flow include: 

• “Flow is a positive valenced state (affective component), resulting from an activity 

that has been appraised as an optimal challenge (cognitive component), characterized 

by optimized physiological activation (physiological component) for full 

concentration on coping with environmental / task demands (behavioral component)” 

(Peifer, 2012, p. 149).  

• “flow incorporates the extent to which (a) the user perceives a sense of control over 

the computer interaction, (b) the user perceives that his or her attention is focused on 

the interaction, (c) the user’s curiosity is aroused during the interaction, and (d) the 

user finds the interaction intrinsically interesting” (Webster et al., 1993, p. 413). 

• “the state occurring during network navigation which is (1) characterized by a 

seamless sequence of responses facilitated by machine interactivity, (2) intrinsically 

enjoyable, (3) accompanied by a loss of self-consciousness, and (4) self-reinforcing” 

(Novak & Hoffman, 1997, p. 2). 

• "the holistic sensation that people feel when they act with total involvement" 

(Csikszentmihalyi, 1975, p. 36) 

These conceptual inconsistencies and (as some have argued) ambiguities have caused 

difficulties for researchers and practitioners when attempting to compare and synthesize flow 

research (Auld, 2014). Mahnke et al.’s (2012) flow review in information systems, for example, 

indicated that 75% of the authors of studies included in their review either modified the original 

constructs of flow (beyond adaptation to the research context), combined constructs from different 

concepts (e.g., Huang, 2006; Novak et al., 2000; Shin, 2006), or customized terminology and 

interpretation of constructs to better suit their own context (e.g., cognitive absorption in education; 
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Heutte et al., 2016)—highlighting the need for an overarching definition. Further, Swann et al. 

(2018) contended that the current (i.e., most widely-accepted and -used nine-dimensional) flow 

model is too descriptive and not sufficiently mechanistic, and argued as a result that flow science 

may be at a ‘crisis point’. More specifically, these authors also asserted that the flow model cannot 

be considered a ‘theory’ as it is missing specific definitions and propositions of how interrelated 

constructs create clear causal relationships for a particular phenomenological occurrence (or non-

occurrence).  

Despite the substantial number of flow-related studies conducted in the past decade, only 

four systematic reviews of psychological flow literature have been published—one with an 

emphasis on musical applications (Chirico et al., 2015), one on game-based learning (Perttula et al., 

2017), one in computer-mediated learning environments (Auld, 2014), and one on elite athleticism 

(Swann et al., 2012). Although informative, these reviews have typically focused on a specific 

domain or specific questions, rather than examining flow science in its entirety (i.e., across multiple 

conceptual issues and multiple contexts). Equally, informative books, chapter narratives, and 

conceptual reviews have helped to synthesize aspects of flow research (e.g., Abuhamdeh, 2020; 

Engeser, 2012a; Nakamura & Csikszentmihalyi, 2014; Harmat et al., 2016), including the collected 

works of Mihaly Csikszentmihalyi (2014a); however, no formal review has been undertaken to 

chart psychological flow research across domains (e.g., sport, education) and scientific disciplines 

(e.g., physiology and neurobiology).  

Note that since the publication of this review additional reviews dedicated to specific 

domains (e.g., sport and computer gaming) have been published that may prove insightful (e.g., 

Boudreau et al., 2020; Harris et al., 2021). 

The broad purpose of this study, therefore, was to undertake and present a comprehensive 

scoping review that brought together—and charted, in one place—the varied conceptualizations of 

flow. Specifically, our aim in this review was to describe the consistency (and inconsistency) in 
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constructs, dimensions, and working definitions utilized to describe flow, and to chart the varied 

antecedents, measurement instruments, and outcomes utilized when operationalizing flow. In line 

with recommendations for cross-disciplinary approaches, and calls to understand flow 

phenomenologically, cognitively, neurologically, physiologically, socially, and behaviorally (Beard, 

2015; Csikszentmihalyi, 2014b; Kawabatta & Mallett, 2016; Marr, 2001; Peifer, 2012; Rich; 2013; 

Stoll & Pithan, 2016), a secondary aim (if possible) was to highlight any common findings that 

could be used and operationalized across scientific disciplines.  

Given the aims outlined above, we felt that a narrow search strategy using predetermined 

parameters and set domains (i.e., a PRISMA-adherent systematic review: Moher et al., 2009) may 

limit the scope of our review. Our broad goal, however, did align closely with Arksey and 

O’Malley’s (2005) and Tricco et al.’s (2016) guidelines for scoping reviews (i.e., examining the 

extent, range, and nature of research activity; determining the value of undertaking a systematic 

review; summarizing and disseminating research findings; and identifying research gaps in the 

existing literature). As a result, a scoping review methodology was chosen for the study. The 

scoping review adhered to The Joanna Briggs Institute (JBI) guidelines (Peters et al., 2015) and the 

PRISMA extension for scoping reviews (PRISMA-ScR) (Tricco et al., 2018), and was registered a 

priori with JBI on 1st August 2019 to ensure methodological rigor (Colquhoun et al., 2014). To 

adhere to scoping review procedures (Peters et al., 2015), the objectives, inclusion criteria, methods 

of analysis, and a priori search terms were specified in advance and documented in a protocol.  

2.3 Method 

Inclusion/Exclusion Criteria  

There were no exclusion criteria for methodological approaches, participant characteristics, 

geography, or language. Peer-reviewed literature, doctoral theses, and academic book chapters from 

2012 through to 2019 (the year at commencement of the review) that specifically analyzed ‘flow’ 

conceptually was included to ensure theoretical rigor. The year 2012 was selected due to Engeser’s 
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(2012b) seminal theoretical update on flow within ‘Advances in Flow Research’ (Engeser, 

2012a)—a text that also included updates and commentaries from numerous flow researchers 

(including Csikszentmihalyi). Additionally, we selected 2012 because this was also the year in 

which Peifer’s (2012) article was published on the psychophysiological correlates of flow. This 

work was in part responsible for a subsequent proliferation in what might be termed ‘non-

psychological’ (e.g., physiological, psychophysiological, and neuroscientific research) flow-related 

research (e.g., Harris et al., 2017). Finally, 2012 was also the year in which Baumann (2012) 

presented three different flow definitions (not descriptions) encompassing different research 

disciplines (general, cognitive, affective). Reviews of the flow literature have been published since 

2012 (e.g., Abuhamdeh, 2020; Chirico et al., 2015; Nakamura & Csikszentmihalyi, 2014); however, 

in comparison to those sources, our inclusion criteria were designed to offer broader coverage of 

flow conceptualization and measurement across multiple disciplines. 

Search Strategy 

A three-step search strategy was utilized (Peters et al., 2015). Initially, the keyword “flow” 

was used to begin an iterative search in Embase (1947) and PsycINFO (1806) to analyze common 

affiliated terms. In step 2, the selected terms1, and negative keywords2, were utilized in title and 

abstract searches within the databases Web of Science (1900), PubMed (1997), Medline (1966), 

Scopus (1966), Embase (1947), PsycINFO (1806), SPORTDiscus (1930), Google Scholar, OSF, 

and PsyArXiv. Subsequently, a wider search, (“flow” in the title plus “optimal experience” in the 

article text) was carried out to ensure all relevant articles were captured and safeguard against any 

articles that might have been missed from previous, more reductive searches. In step 3, the keyword 

 

1 “in the zone”, “flow theory”, “flow experience”, “flow state”, “flow theory”, “flow scale”, “optimal experience”.  

2 pipes, radial, viscous, heart, coronary, artery, cash, traffic, oscillating, heat, energy, diagram, blood, data, money, water, flux, air, fluid, 
bulk, plastic, android, information, engineering, food, chemistry, chromatography, centrifugal, debris, patient, rate, fish, AFR, cyclone, 

endovascular, aneurysm, wake-, equatorial, gene, optic, lava, continuous, continuous, LVAD, mantle, migration, vortex, segmented, 

ventricular, capital, cytometry, patient, nasal, particle, Anisotropy, lung, vortex, nozzle.  
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‘flow’ was searched in additional related journals3, and the reference list of all identified relevant 

reports and articles were searched for additional studies. Where necessary, study authors were 

contacted for access and clarification.  

Data Charting 

Search results were recorded in Microsoft Excel, Evernote, Zotero, and Bubbl. Data were 

charted into the following extraction categories: Document type (i.e., book, journal), year of 

publication, author(s), study location (i.e., location of associated institution), scientific discipline, 

scientific discipline - subdomain, study population, methodology (experimental work was 

categorized using Campbell and Stanley’s (1963) pre-experimental, quasi-experimental and 

experimental categories), definition of flow, described constructs, compounding factors (identified 

as factors that may influence but not necessarily always cause flow), measures, antecedents 

(antecedent was interpretated as an independent factor that shows causality towards flow—although 

can work independently, it may also interact with other antecedents), intervention, linked outcomes, 

reported outcomes, quality rating, individual or group orientation, and key findings. Methodological 

quality was assessed using Kmet et al.’s (2004) standard quality assessment criteria for primary 

quantitative and qualitative studies; literature reviews were assessed using Oxman and Guyatt’s 

(1988) guidelines, and systematic reviews were assessed using AMSTAR (Shea, et al., 2007)—all 

common assessment tools for reviews. A preliminary meeting was held between all authors to 

ensure a consistent interpretation of descriptors within the quality assessment tools. The lead author 

then recorded quality scores, and this recording was verified by the other two authors for accuracy 

 

3 Personality and Social Psychology Review, Educational Psychology Review, Psychological Review, Frontiers in Psychology, Clinical 

Psychology Review, Psychology & Health, International Journal of Psychology, School Psychology Review, Health Psychology Review, 

Psychology of Sport and Exercise, Journal of Applied Sport Psychology, Journal of Sport & Exercise Psychology, Learning and Motivation, 

Information Technology & People, Motivation Science, Motivation and Emotion, Journal of Cognitive Neuroscience, Brain Research, 
International Journal of Neuroscience, Cognitive Psychology, Journal of Cognitive Psychology, Applied Cognitive Psychology, Journal of 

Cognitive Education and Psychology, Applied Psychophysiology and Biofeedback, International Journal of Psychophysiology, 

Psychophysiology, Consciousness and Cognition, Journal of Consciousness, British Journal of Occupational Therapy, Occupational 

Therapy International, The Journal of Creative Behavior, and Creativity Research Journal. 
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(with discussion in cases where any disagreements arose). Data extraction followed the PRISMA-

ScR (Tricco et al., 2018) and JBI scoping review guidelines (Peters et al., 2015).  

To ensure high inter-rater agreement during data extraction (which followed the PRISMA 

and JBI scoping review guidelines), sample data were extracted by the lead author and cross-

checked by the two co-authors for reliability (Brooker et al., 2015) to test the process and ensure 

accuracy of data extraction. Data from each source were then mined into a pre-defined data sheet by 

the lead author. Additionally, longer narrative and sentence extraction was recorded from each 

source within bubbl.us—a live online mapping tool designed to help group large amounts of data 

into themes and ensure original data accuracy. Both sets of data were continuously cross-checked 

by (a) additional researchers acting as ‘critical friends’ (to aid integrity and reflexivity; Appleton, 

2011), and (b) the two co-authors—for accuracy of extraction, interpretation, and categorization—

on a fortnightly basis over a period of several months. Certain core extraction categories (e.g., 

conceptual dimensions) yielded over 300 different individual items. Consequently, a thematic 

content analysis (TCA) approach was conducted by the authors in order to identify common 

concepts/themes across the antecedents, experiential dimensions, and outcomes of flow. Anderson’s 

(2007) TCA protocol was adhered to when synthesizing terms, including identifying distinct units, 

grouping and regrouping similar and dissimilar units, retaining source language where possible, 

iteratively re-labelling categories based on new source data, and re-reading source data post analysis 

without looking at final categorizations. Any disagreements were resolved through open discussion 

between the three authors whilst revisiting source data to ensure integrity of the source’s meaning. 

2.4 Results 

The State of Flow Conceptualization, Measurement, and Application 

Literature Search. The literature search resulted in 2,633 citations (see Figure 1). After 

eligibility screening, 2,391 articles were removed as they were deemed to not address the 

conceptualisation of flow (e.g., these sources mentioned flow in the introduction or measured flow 
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as a secondary variable but did not discuss flow dimensions or antecedents). There were many non-

English papers that had an English abstract and were included or excluded according to the criteria. 

One paper, however, was translated using an online translating program and on translation found to 

fail the review inclusion criteria. Three articles were added from reference screening, three books 

were removed because all the book chapters were already listed, and six articles were not accessible 

even after contacting the authors. A final 236 records were included in the review (see 

supplementary material ‘S1’, tab ‘Review Data’ for full list). 

 

 Figure 1: PRISMA Flow Diagram identifying the included records (Peters et al., 2015). 
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Source Characteristics. Eligible sources included 58 books or book chapters and 178 

journal articles, the majority of which were published in 2016, 2017, and 2018 (see supplementary 

material ‘S2’, Figure 1). More than half of all the records came from authors affiliated with 

European institutions (k=133), followed by North America (k=66), Asia (k=18), Australasia (k=14), 

South America (k=3), and Africa (k=2). Work reported in journal articles predominantly came from 

the United States (k=60), followed by Germany (k=31), England (k=19), Italy (k=17), Australia 

(k=14), Spain (k=11), Hungary (k=6), Taiwan (k=5), and Netherlands (k=5) (see ‘S2’, Figure 2 & 

3). The most prevalent disciplines included psychology (k=173), psychophysiology (k=21), 

neuroscience (k=19), and computing (k=13) (see ‘S2’, Figure 4). Research was most prevalent 

within the sub-disciplines of positive psychology (k=42), sport and exercise psychology (k=24), 

occupational psychology (k=18), educational psychology (k=15), computing psychology (k=12), 

personality psychology (k=9), neurobiology (k=8), HCI - human computer interaction (k=8), 

positive psychophysiology (k=7), cognitive psychology (k=7), and cognitive neuroscience (k=7; see 

‘S2’, Table 1). 

Methodology and Quality Assessment. Pre-experimental studies (k=80), literature reviews 

(k=63), theorizing literature (k=27), qualitative works (k=22), and confirmatory factor analyses 

(k=21) were the most widely-used research methods (see ‘S2’, ‘Figure 5’). The literature was given 

a high (k=27), medium (k=84), and low (k=125) ‘quality’ score; however, the practical value of 

these scores was limited—as can be the case when conducting scoping reviews (Tricco et al., 

2018)—because much of the theoretical analysis was carried out in narrative reviews or expert 

commentaries (rather than, for example, experimental studies). 

Sample Population. Students (k=57), general population (k=24), athletes (k=20), musicians 

(k=10), gamers (k=10), workers (k=8), and teachers (k=3) were the samples most utilized (see ‘S2’, 

‘Table 2’). Studies were focused on individuals (k=222), groups (k=10), or both (k=5).  
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Definitions and Dimensions of Flow. The majority (80%) of authors created their own 

phrase (i.e., flow definition) or cited one of Csikszentmihalyi’s statements to describe flow. Only 

three exact descriptive phrases4 were utilized by multiple sources. Twenty-seven records (11%) did 

not list a clear definition or description of the focal construct. In total, 270 psychological and 

physiological markers, dimensions, or terms were associated with the conceptualization of flow. A 

total of 150 different constructs, terms, or dimensions were utilized to describe the flow experience 

itself. Csikszentmihalyi’s nine dimensions were referred to together in 109 (46%) of the records. Of 

those nine dimensions, the most frequently described were ‘sense of control’ (k=166) and ‘total 

concentration/focus’ (k=158), followed by ‘immersion’ or ‘absorption’ (k=115), ‘joy’ (k=66), 

‘optimal experience’ (k=66), ‘enjoyment’ (k=66), ‘total engagement’ (k=66), ‘motivation’ (k=31), 

‘intrinsically rewarding’ (k=28), ‘nothing else matters’ (k=25), ‘full attention’ (k=25), ‘effortless 

attention’ (k=23), and ‘effortless involvement’ (k=23). See ‘S2’, Tables 3 & 4 for a full listing of 

these terms.  

Antecedents. Eligible sources identified 84 different antecedents to flow, described 158 

compounding factors, and measured 30 variants in applied studies (see ‘S2’, Table 5 & 6). 

Csikszentmihalyi’s (Nakamura & Csikszentmihalyi, 2009) three theorized ‘pre-conditions’ to 

flow—namely challenge-skill balance (described, k=149 / measured, k=52), clear-goals (described, 

k=105 / measured, k=34), and unambiguous feedback (described, k=102 / measured, k=32)—were 

the most widely utilized, and were often reported together (k=96). ‘Skills-demand fit’ was utilized 

in work from European researchers (e.g., Engeser & Schiepe-Tiska, 2012), whilst ‘concentration’, 

‘attention’, ‘sense of control’, and ‘positive affect’ were frequently described across sources (see 

‘S2’, Table 5 & 6). Additionally, ‘autonomy’, ‘choice’, ‘motivational competence’, and ‘interest’ 

were repeatedly observed as proposed or measured antecedents, indicating that there is a 

 

4 “holistic sensation that people feel when they act with total involvement” (k=14);"being fully absorbed in an activity" (k=4) “in which 

people are so intensely involved in an activity that nothing else seems to matter; the experience itself is so enjoyable that people will do it 

even at great cost, for the sheer sake of doing it” (k=3) 
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motivational antecedent additional to the challenge-skill balance dimension. In the two applied 

experimental studies (Colzato et al., 2018; Peifer et al., 2015), challenge and arousal levels were 

targeted through manipulating the level of task difficulty, vagus nerve stimulation, and cortisol 

levels (see also S1, tab ‘Applied Studies’). 

Outcomes. Flow was described to have 133 different outcomes in all studies, whilst studies 

targeting outcomes of flow (k=75) measured 45 varying outcomes (see ‘S2’, Table 7 & 8) across a 

range of designs; 3% experimental, 5% quasi-experimental, and 75% pre-experimental designs—

other designs included reviews, confirmatory factor analyses and qualitative approaches. Flow was 

(or proposed dimensions of flow were) most frequently positively correlated with performance 

(k=6), behavioral engagement (k=4), learning (k=3), joy (k=2), further flow (k=2), enjoyment (k=2), 

well-being (k=2), and mental health (k=2). Measured outcomes were spread across emotional and 

motivational (k=18; 27%), behavioral (k=17; 25%), cognitive (k=17; 25%), physiological (k=14; 

21%) and trait-based (k=1; 1%) indices (note: studies reported more than 1 outcome). Findings were 

largely correlational in nature and researchers utilized inconsistent conceptual and measurement 

approaches; therefore, any causal conclusions are premature. In the few experimental studies, 

reported outcomes included further flow, high levels of arousal, and inverted U-shape heart-rate-

variability (HRV)––though arousal levels and HRV may better represent measurement methods 

associated with experiential components of flow (rather than outcomes).  

Measurement. Overall, questionnaires assessing flow (or dimensions thereof) appeared in 

210 sources—including 39 experience sampling method (ESM) studies—followed by 

electrocardiogram (ECG) measures (k=36), electroencephalography (EEG) measures (k=17), and 

functional magnetic resonance imaging (fMRI) measures (k=16). The most commonly utilized 

instruments were multi-component measures within ESM studies (k=33), Flow State Scales (k=29) 

(FSS-2; Jackson & Eklund, 2002), Dispositional Flow Scales (k=22) (DFS-2; Jackson & Eklund, 

2002), Flow Short Scale (k=20) (Engeser & Rheinberg, 2008; Rheinberg et al., 2002), The WOrk-
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reLated Flow inventory (k=10) (WOLF; Bakker, 2008), and Swedish Flow Proneness Questionnaire 

(k=9) (SFPQ; Ullén et al., 2012). See ‘S2’, Tables 9 & 10. In these instruments, scored responses 

offered insight into flow ‘intensity’ or ‘proneness’ (i.e., examining an individual’s frequency to find 

flow or personality characteristics) levels, but no instrument clearly identified whether or when a 

person was ‘in’ flow or not (i.e., offered measurement insight into flow entry and exit). These 

instruments also did not account for multiple flow entries (and exits) in a given experience.  

In terms of psychological assessments, 108 constructs or concepts were measured through 

141 different instruments (see ‘S2’, Table 4 & 9). The nine dimensions were the most frequently 

assessed constructs, with ‘level of challenge’ (k=58) and ‘level of skill’ (k=33) also being measured 

independently from ‘challenge-skill balance’ (k=107). In addition, ‘immersion’ or ‘absorption’ 

(k=54), ‘positive affect’ (k=34), ‘reasons for participation’ (k=33), ‘satisfaction’ (k=33), 

‘enjoyment’ (k=32), ‘fluency’ (k=25), and ‘importance’ (k=23) were also commonly measured.  

In terms of physiological assessments, sources examined markers of flow associated with 

the brain (k=40), heart (k=38), facial expressions/movement (k=16), skin (k=12), hormones (k=13), 

breathing (k=7), and muscle movement (k=4). Physiological and neuroscientific instruments 

predominantly targeted arousal levels (k=66) and the autonomic nervous system (k=4; e.g., heart-

rate-variability; HRV), active geographical areas in the brain (k=35; e.g., blood flow), valence 

(k=14; e.g., corrugator supercilii muscle movement), attention (k=9; eye pupil movement), affect 

and reward processing (k=7; ventral striatum or putamen activity), fluency of movement (k=4; e.g., 

cortico-muscular coherence), and mental effort (k=3; e.g., heart beat stroke volume). See ‘S1’, tab 

‘Measured Terms’, for a detailed listing. Arousal levels and HRV (i.e., the variability and coherence 

of the length of inter heartbeat intervals) were targeted to examine optimal levels of challenge, 

concentration, stress, sense of control, and activity within the autonomic nervous system (ANS). 

Brain activity was used to measure cognitive and biological functions and associations with 

attention, self-consciousness, and time monitoring. Valence and affect were targeted to examine the 
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attractiveness of the experience and the positive or negative affect that flow yielded, as well as 

indicating the likelihood for subsequent focus. Attention and mental effort were assessed in order to 

examine high attentional activity and paradoxical reports of effortless attention. Similarly, fluency 

of movement was examined to understand effortless action, reduced pain, and feeling of 

smoothness in actions when exerting high levels of effort. Cardiac output and respiratory rates were 

measured to analyze mental effort and autonomic nervous system (ANS) activity. In summary, 

preliminary physiological findings reveal a somewhat coherent set of physiological markers that 

suggest flow may differ from alternative physiological modes of operating. 

Physiological findings appeared to confirm an optimal facilitative level of arousal that 

corresponds with a down regulation of neuroanatomical components of the brain that are associated 

with effortful activity (Peifer, 2012). For example, higher flow intensity levels (as measured by 

Flow Short Scale; Rheinberg et al., 2002) have been linked in an inverted u-shaped relationship 

with sympathetic arousal and cortisol production, whilst parasympathetic activity has been linearly 

and positively correlated with higher flow intensity levels during co-activation of sympathetic 

activity (e.g., Peifer et al., 2014). Further, higher intensities of flow have been characterized by a 

faster respiratory rate, deeper respiration, moderate heart rate, and moderate HRV, thereby 

suggesting that flow occurs with highly focused attention that is facilitated through an increased 

parasympathetic modulation of sympathetic activity (Bian et al., 2016; Tian et al., 2017). A higher 

sense of control during high levels of flow intensity is physiologically evident from eye movement 

and pupil dilation; specifically, flow has been linked with higher attention signified by increased 

pupil size and reduced blinking (e.g., Kim et al., 2013). Further, through the measure of functional 

magnetic resonance perfusion imaging (fMRPI), increases in neural activity in the left anterior 

inferior frontal gyrus (IFG) and the left putamen suggest a deeper sense of cognitive control and 

coding of increased outcome probability (see Ulrich et al., 2014). Further, this level of control 

appears to have a physiological basis of ease, fluidity, or effortlessness as indicated by EMG and 
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EEG reports of high levels of cortico-muscular coherence (i.e., synchronization of neural activity 

between the brain and body) during higher levels of flow intensity (Cheron, 2016). The above 

physiological findings help to suggest how an individual can be challenged and subsequently highly 

aroused and alert, yet also able to act calmly and with ease as psychologically evident during flow 

(see ‘Effort-less Control’ section below for further discussion).  

 Physiological explanations were also offered for the phenomenological characteristics of 

absorption, loss of self-consciousness, and time transformation. Studies examining electrical 

activity in the brain (often measured with EEG) linked states of flow with reduced beta brain wave 

frequencies, suggesting a reduction in conscious thinking and self-reflexive activity such as self-

consciousness (e.g., Pluta et al., 2018). Similarly, neuroanatomy studies (often using fMRI to 

understand which areas of the brain, and associated faculties, are activated and inhibited) revealed 

that the brain’s attentional resources are highly engaged during high flow intensities, whilst brain 

activity associated with worry and self-concern about one’s performance is inhibited (e.g., De 

Sampaio Barros, 2018; Sadlo, 2016). Additionally, researchers have linked flow with a moderate 

(i.e., not high or low) default mode network (DMN: a large-scale network of brain regions that is 

responsible for our normal modes of conscious thinking and waking consciousness) activation (e.g., 

Esterman et al., 2013) and transient hypofrontality (e.g., Nakamura & Roberts, 2016). Such work 

physiologically indicates the loss or reduction of normal modes of self-consciousness, time 

monitoring, and awareness that are often considered to be absent during flow. Lastly, skin 

conductance tests (i.e., testing the ability of the skin to resist electrical currents) have been used to 

measure an individual’s stress, arousal, and valence in order to examine the intensity of flow (e.g., 

Bian et al., 2016). 

Moving toward Conceptual Clarity and Parsimony  

Despite the large number of terms (n=270) utilized within the review sources, many of the 

terms were used across studies and common themes bringing together multiple terms were apparent. 
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For example, only 15 (described) / 16 (measured) terms were utilized in more than 10 sources, and 

Csikszentmihalyi’s original nine dimensions accounted for 60% of all described terms and 65% of 

all measured terms. Accordingly, we sought to synthesize the 270 terms into coherent (and discrete) 

antecedents, experiential constructs and outcomes through Anderson’s (2007) protocol of TCA. Our 

efforts to do so yielded 2 broad antecedent dimensions (‘optimal challenge’ and ‘high motivation’) 

and 3 broad experiential dimensions (‘absorption’, effort-less control’, ‘intrinsic reward’), which are 

presented below and supported throughout by citations to relevant literature and review evidence 

(see Figures 2, & 3). See also ‘S1’, tabs ‘Thematic Grouping of Terms’ for a full list of synthesized 

terms. Robust conclusions about the outcomes of flow experiences were limited due to 

methodological issues associated with research in the area. Only 9% of applied studies on flow-

related outcomes included a control group, with the majority of studies characterized by 

correlational and cross-sectional designs. Additionally, various flow instruments have been utilized 

to measure possible outcomes of the construct, leading to some ambiguity in the identification of 

key outcomes. Nevertheless, on the basis of research examined in this review, below we also 

provide preliminary thematic insight into three outcomes of flow: ‘positive development’, ‘high 

functioning’, and ‘further engagement’. See S1, tab, ‘Thematic Groupings of Outcomes’ for the full 

synthesis. 

Flow Antecedent Dimension 1: Optimal Challenge. Sources most commonly identified 

Csikszentmihalyi’s (1990) ‘challenge-skill balance’ dimension as the primary (and frequently the 

only) antecedent (described: k=148 / measured: k=52) to flow. This dimension of the original model 

was frequently operationalized as an antecedent to flow in both correlational (e.g., Bian et al., 2016; 

de Sampaio Barros et al., 2018; Flett, 2015) and experimental (e.g., Tozman et al., 2017; Youssef, 

2013) studies. Originally, Csikszentmihalyi (1975) contended that flow depends on establishing a 

balance between “action capabilities” [skills] and “action opportunities” [challenges] (p.49), with 

the premise being that flow occurs when one is engaged in a challenge that stretches one’s 
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capability (Nakamura & Csikszentmihalyi, 2014). This ‘balance’ or ‘stretching’ between the 

perceived level of skill and challenge is proposed to be neither overmatching nor underutilizing 

(i.e., matching at a 50:50 ratio above average levels; see Moneta, 2012; Nakamura & 

Csikszentmihalyi, 2014). If the level of challenge exceeds the level of skill, then feelings of arousal 

and concern dominate one’s experience. If the level of challenge is too low, however, then the 

individual’s capability is not challenged and under-arousal occurs (see Csikszentmihalyi’s octant 

model of flow; Engeser, 2012a). Across studies, this optimal level of challenge was measured and 

described through a number of related terms (n=29) such as ‘anxiety’, ‘arousal’, and ‘skills-demand 

fit’, accounting for 31.29% of all utilized terms. 

Psychophysiological evidence within the reviewed sources supported the notion that flow 

occurs when there is an optimal level of challenge and corresponding physiological arousal. 

Specifically, by examining ANS responses during flow (with participants engaged in tasks that 

challenged their ability but were not overly demanding), researchers reported an optimal (i.e., 

moderate) level of activation in sympathetic activity (e.g., Peifer et al., 2014; Tian et al., 2017), 

hypothalamic pituitary adrenal (HPA) axis levels (Bian et al., 2016; Peifer et al., 2014; Tozman & 

Peifer, 2016), high-frequency HRV (HF-HRV) and low-frequency HRV (LF-HRV), cortisol levels 

(Peifer et al., 2015), and respiratory depth (i.e., larger breaths indicative of increased 

parasympathetic activity; Harmat et al., 2015). In other words, flow appeared to occur during 

increased parasympathetic modulation of sympathetic activity (Tian et al., 2017) and in an inverted 

U-shaped arousal (Peifer et al., 2014). This optimal (moderate) level reflects an inverted U-shaped 

relationship between challenge and flow (e.g., Tozman et al., 2017), suggesting that an individual 

first needs to be challenged or aroused, and that flow then occurs at an optimal level, around the 

peak of the inverted-U (when challenged but not overly so). 

The literature examined in this review indicated that it may be most appropriate to term this 

antecedent dimension ‘Optimal Challenge’: a perceived capability to meet the challenging demands 
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of the situation. The term ‘optimal challenge’ subsumes constructs labelled by others as ‘challenge-

skill balance’, ‘level of challenge’, ‘skills-demand fit’, ‘skill level’, ‘optimally challenged’, and 

‘skill integration’, for example. The reasons for this re-labelling are as follows. First, researchers 

have criticized the use of (original) terms such as ‘balance’ or ‘50:50 ratio’ because flow has been 

observed during instances of a slight imbalance between these concepts (e.g., Engeser & Rheinberg, 

2008; Lovoll & Vittersø, 2014; Vaughn, 2017). Similarly, anticipating flow in response to ‘above 

average’ levels of these concepts may be conceptually ambiguous because what is considered 

‘average’ (skill or challenge) may differ between and within individuals and contexts (Keller & 

Landhäußer, 2012; Yoshida et al., 2013; Mahkne et al., 2012)—the term ‘optimal challenge’ instead 

suggests direction towards a positive high degree of challenge without limiting this degree to an 

absolute balance or discounting intra- or inter-differences. Second, sources within this review often 

measured the level of ‘challenge’ and ‘skill’ separately, and researchers subsequently made 

inferences about the degree of balance between those concepts. This is potentially problematic 

insofar as the terms ‘challenge’ and ‘skill’ may be partly conflated. Assessing the level of 

‘challenge’ may already acknowledge, to a degree, one’s level of ‘skill’ (e.g., the level of challenge 

one faces is dependent, in part, upon the resources, or skills, one possesses). This separate 

assessment approach may result, therefore, in ‘skill’ being measured twice, and may contribute to 

measurement inaccuracy (Keller & Landhäußer, 2012; Mahkne et al., 2012). In addition to issues of 

conflation, the independent measurement of challenge has, at times, also proved difficult, such as 

those instances when researchers have used performance-related markers of success (e.g., Klasen et 

al., 2012). 

The evidence in this review indicated that this antecedent dimension may incorporate three 

sub-themes that are commonly referred to in flow research, and that were often used to help 

operationalize this dimension—namely ‘clear task goals’, ‘immediate and unambiguous feedback’, 

and ‘self-efficacy’. The construct ‘clear task goals’ subsumes the example terms (utilized by review 
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sources) including ‘specified objectives’, ‘clarity of purpose’, ‘confidence’; ‘immediate and 

unambiguous feedback’ subsumes the example constructs ‘coherent, noncontradictory demands’ 

and ‘direct feedback’; and ‘self-efficacy’ subsumes the example constructs ‘self-confidence’ and 

‘self-trust’. See Figure 2 and S1, tab ‘Thematic Grouping of Terms’ for further details and synthesis 

of findings. The premise behind goal- and feedback-related concepts being included in this theme 

appears to be that if goal (i.e., clear goals) and diagnostic information are not clear and immediate 

(i.e., immediate and unambiguous feedback), then the experience may be confusing or over-

demanding (and no longer optimally challenging) (Cseh, 2016; Simlesa et al., 2018; Drengner et al., 

2018; Guertin, 2016; Keller & Landhäusser, 2012; Moneta, 2017; Valenzuela et al., 2018). When 

examining goal type, sources reported that goal congruency (e.g., Keller & Landhäusser, 2012), 

personal growth and exploration goals (e.g., “seeing how well I can do”; Swann et al., 2016), ‘open’ 

(i.e., non-outcome orientated) as opposed to ‘fixed’ (i.e., outcome orientated) goals (Swann et al., 

2017), and task-orientated goals (Csikszentmihalyi, 2014c) result in increased flow. Finally, with 

respect to the self-efficacy sub-theme, it has been recognized for some time that ‘perceived ability’, 

and more recently, self-efficacy (e.g., Chen & Sun, 2016; Cheng, 2014; Salanova et al., 2014), acts 

as a facilitator of flow. Waples and Knight (2017), for example, described that self-efficacy and 

flow may be related in a way that mimics an ‘upward spiral’ effect. In terms of its positioning 

within this antecedent theme, self-efficacy is considered a personal (‘capacity’ or ‘control’) 

resource that buffers against stress and has resilient properties (Bandura, 1986), thereby supporting 

individuals’ capabilities to meet challenging situations more effectively (Keeler et al., 2015).  

Flow Antecedent Dimension 2: High Motivation. Review sources also brought to light a 

second broad antecedent dimension—capturing concepts relating to high motivational forces)—

which was especially valuable when examining the occurrence of flow in non-achievement settings 

(e.g., Engeser & Schiepe-Tiska, 2012). The construct ‘high motivation’ subsumes the example 

terms (utilized by review sources) ‘importance’, ‘intrinsic motivation’, ‘and ‘interest’ (e.g., Bricteux 
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et al., 2017; Csikszentmihalyi, 2014c; Rheinberg & Engeser, 2018). See Figure 2 and S1, tab 

‘Thematic Grouping of Terms’ for further details and synthesis of findings. Authors of reviewed 

sources posited that flow was more likely to occur when individuals reported or displayed a high 

level of motivation for the activity (e.g., Boffi et al., 2016; Geyser et al., 2015; Llorens et al., 2013; 

Schuler & Brandstatter, 2013). For example, De Sampaio et al. (2018) concluded that “flow feelings 

are highly connected to conditions that promote individuals’ choice and autonomy” (p. 810). 

Baumann (2012) also proposed that the achievement flow motive operationalizes an autotelic 

personality towards flow; and, Engeser and Schiepe-Tiska (2012) proposed that flow emerges from 

the interaction of one’s motives and the motive-specific incentives available in the situation. 

Accordingly, instances where flow was described as a function of ‘importance’, ‘motivation’, 

‘reasons for participation’, ‘interest’, ‘curiosity’, and ‘autonomy’ were all captured within this 

dimension. Together, these terms accounted for 4.59% of all terms and 34% of the total measured 

antecedents. 

  The occurrence of flow has long been associated with intrinsic motivation 

(Bakker et al., 2017) due in part to the intrinsically rewarding nature of the experience and 

Csikszentmihalyi’s discussion of ‘autotelic experience’ (see Csikszentmihalyi, 2014b). 

Accordingly, sources posited that task interest (Bricteux et al., 2017; Cheng, 2014; Culbertson et al., 

2015; Llorens & Salanova, 2017; Shernoff et al., 2014), ‘outcome importance’ (Abuhamdeh & 

Engeser, 2012), ‘task importance’, ‘goal congruency’ (e.g., Keller, 2016), ‘motivational regulatory 

orientations’ (e.g., Keller & Landhausser, 2012), and ‘subjective value’ predict the likelihood and 

intensity of flow (also see Csikszentmihalyi, 2014b, 2014c; Keller & Landhausser, 2012). For 

example, Auld’s (2014) review concluded that interest in content and subject was an integral 

antecedent for finding flow in learning, and Keller and Landhausser (2012) propose that the 

subjective value predicts and explains the variations between micro and macro (i.e., deep and mild) 

experiences of flow—which to date, have only been explained through the escalating balance 
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between challenge and skill (i.e., the higher the challenge and skill level the higher the flow 

intensity). However, reviewed sources also highlighted that extrinsic motivation concepts may play 

a pivotal role in the occurrence of flow (e.g., Schuler & Brandstatter, 2013; MacNeill & Cavanagh, 

2013; Valenzuela et al., 2018; Vaughn, 2017; Vuorre & Metcalfe, 2016). For example, Bassi and 

delle Fave (2012) reported work-related flow to be associated with controlled regulation, and 

Vaughn (2017) reported that NFL players reported high levels of extrinsic (as well as intrinsic) 

motives in their most memorable flow experiences. In fact, extrinsic factors leading toward flow are 

so common in work settings that in some flow literature this is known as the “paradox of work"’ 

(e.g., Bassi & delle Fave, 2012). 

In summary, although research has consistently linked flow experiences with a high degree 

of motivation (e.g., Boffi et al., 2016; Geyser et al., 2015; Llorens et al., 2013), further research is 

needed in order to better understand the specific types of motivation that are most conducive to flow 

experiences and how they relate, or not, to an ‘optimal challenge’.  

The themes we described above were those that, on the balance of evidence, appeared to be 

considered (and act) as antecedents, or important preconditions, for flow experiences. These themes 

mirror, in some respects, elements of the most widely-used (nine-dimensional) flow model (i.e., 

challenge-skill balance, clear goals, unambiguous feedback), but in this instance it is important to 

note that they were positioned as precursors to (rather than components of) flow experiences. We 

did, however, also observe some consistency in terms of the characteristics and components of flow 

experiences, and in the sections that follow we overview the three themes that we observed in this 

respect.  

The Flow Experience Dimension 1: Absorption. The evidence we reviewed demonstrated 

that an absorption in the task—characterized by focused and undistracted attention (i.e., total 

concentration; see Moran, 2012; Ulrich et al., 2016a) and a merging of action and awareness—is a 

key experiential component of the flow experience (Csikszentmihalyi, 2014a). For example, 
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Nakamura and Csikszentmihalyi (2014) explained that flow involves an intense and focused 

concentration on what one is doing in the present moment, resulting in a merging of action and 

awareness. Scholars have argued that during this absorption, attentional resources that ordinarily 

facilitate reflective self-consciousness (i.e., the hyper egoic self or Mead’s ‘Me’) and temporal 

experience are instead allocated to present attentional demands, resulting in a ‘loss of reflective self-

consciousness’ and ‘time distortion’ (e.g., Nakamura & Roberts, 2016). However, scholars have 

also pointed out inconsistencies with the existing dimensions ‘loss of reflective self-consciousness’ 

and ‘time transformation’ (see Boyd et al., 2018; Swann et al., 2012; Vaughn, 2017). For example, 

an individual in flow may also be acutely aware of time if the activity requires, such as running 

down the clock in a basketball match. Correspondingly, 72 terms accounting for 34.44% of the total 

described and measured terms were synthesized into this theme. Commonly-used terms in the flow 

literature—and that are recognizable from the nine-dimensional model—that were coded in this 

theme included ‘total concentration’, ‘loss of self-consciousness’, ‘merging of action and 

awareness’, and (in some instances) ‘time transformation’. Parenthetically, it is also worth noting 

that ‘absorption/immersion’ is often referred to using different labels across sub-domains, such 

as ‘telepresence’ in human computer interface or gaming (e.g., Guertin, 2016; Klasen, 2012; Lazoc 

& Luiza, 2012; Miles, 2012). Additionally, we found sources frequently associated this dimension 

(absorption) with a deeper sense of ‘connection’ (e.g., Csikszentmihalyi, 2014a; Garces-Bacsal, 

2016) to equipment, people, or other components relevant to the task (e.g., ‘being at one with the 

activity’, ‘self-transcendence’, ‘connection’, ‘sense of unity’, ‘shared identity’). Reports are 

preliminary, however, and further research is required to identify reliable characteristics of such a 

phenomenon. 

Many researchers highlighted that absorption is critical to the flow experience (e.g., 

Drengner et al., 2018; Fullagar & Kelloway, 2012; Harris et al., 2017), and this notion is reflected 

in multiple flow instruments (e.g., FSS, Rheinberg et al., 2002; WOLF, Bakker, 2008; EGameFlow, 
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Fu et al., 2009). In addition, authors also noted that failing to account for this dimension (i.e., 

absorption) in measurement efforts may produce misleading conclusions (Schiefele, 2012), because 

it is this concept that differentiates flow, at least in part, from other states of concentrated action 

(e.g., Csikszentmihalyi, 2014a; Sheldon et al., 2015). This differentiation is perhaps best illustrated 

by those sources in which brain wave frequencies were examined (through EEG measures). 

Specifically, whereas high attentional states of control are associated with high beta frequencies, 

flow experiences have been shown to display varying theta, moderate alpha (Katahira et al., 2018), 

and low beta (Pluta et al., 2018) activity, which is typically more closely representative of trance-

like immersive states.  

The sources in this review widely supported the notion that absorption is a defining 

characteristic of flow; however, researchers differed, at times, in how they positioned this theme 

relative to (or within) Csikszentmihalyi’s nine dimensions. For example, some authors grouped 

Csikszentmihalyi’s dimensions ‘merging of action of awareness’, ‘loss of (reflective) self-

consciousness’, and ‘time transformation’ as related but independent subcomponents of 

‘immersion’ (e.g., Fang et al., 2013; Sillaots & Jesmin, 2016; Simlesa, et al., 2018; Yoshida et al., 

2014). Alternatively, others identified absorption through measures of time transformation-only 

(e.g., Grigorieva, 2016), or categorized ‘loss of reflective self-consciousness’ and ‘time 

transformation’ as outcomes of the flow experience (e.g., Herrando et al., 2018). Overall, the 

sources we reviewed revealed a trend toward measuring absorption as a single construct, accounting 

for ‘established’ flow concepts ‘merging of action of awareness’, ‘loss of reflective self-

consciousness’, and ‘transformation of time’ (e.g., Bakker et al., 2017; Fullagar & Kelloway, 

2013; Llorens & Salanova, 2017; and, although not included in this review, see also Engeser & 

Rheinberg’s, 2008, conceptualization of flow as ‘absorption’ and ‘fluency of performance’). The 

premise behind this simplification appears to be that when attention is wholly invested in and 

directed toward a task, action and awareness merge in the absence of spare attention, and self-
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related thoughts and monitoring of experiential factors (such as reflective self-consciousness) 

fade from awareness (Csikszentmihalyi, 2014b; Nakumara & Csikszentmihalyi, 2012; Pelet et al., 

2017). Interestingly, part of the support for this absorption theme came from a branch of 

neuroscientific research, in which it was suggested that flow occurrence results in a depleting 

‘onion-peeling’ effect of higher cognitive processes (e.g., Stoll & Pithan, 2016; Ulrich et al., 

2016b). During flow, it is argued by some that the highest layers of consciousness—those that 

include higher cognitive functions (i.e., self-reflective thinking and time monitoring)—are most 

susceptible to change when alterations to mental states occur and resources are reallocated (Stoll & 

Pithan, 2016). Accordingly, the more intense the flow experience, the greater number of higher 

cognitive functions that are down-regulated. Evidence indicates that flow is associated with (a) 

reduced activity in the medial prefrontal cortex (a neuroanatomical area for reflexive conscious 

thinking; e.g., Ulrich et al., 2014), (b) inhibited activity in a group of brain regions called the default 

mode network (also known as self-awareness network; Sadlo, 2016; Ulrich et al., 2014; Ulrich et 

al., 2016b), and (c) a down-regulation of the explicit cognitive system (i.e., volitional and conscious 

skills) as outlined in transient hypofrontality theory (see Dietrich, 2004; Nakamura & Roberts, 

2016). This depleting ‘onion-peeling’ effect may shed light on the neuroscientific mechanisms that 

explain the reliability inconsistencies of certain measured constructs from Csikszentmihalyi’s nine 

dimensions (e.g., ‘loss of self-consciousness’ and ‘time transformation’). 

The Flow Experience Dimension 2: Effort-less Control. In addition to the notion of 

absorption, there was evidence that flow experiences are also characterized by a degree of ‘effort-

less control’— A high sense of control in which the task feels less effortful than is typical for that 

person, characterized by fluidity of performance and an absence of concern over losing control. For 

example, In Beard’s (2015) interview, Csikszentmihalyi describes the effortless behavior in flow as 

“the kind you don’t have to think about it, you’re just doing it” (p. 358); or, more recently, 

Csikszentmihalyi et al. (2018) described flow as “an almost automatic, effortless, yet highly focused 



 54 

state of consciousness” (p. 216). To illustrate, 66 terms accounting for 12.81% of the total described 

and measured terms were synthesized into this dimension. Commonly-used terms in the flow 

literature that were coded in this theme included ‘sense of control’, ‘fluency’, and ‘effortless 

involvement’. 

A ‘sense of control’, irrespective of how it was defined, was the most commonly used 

descriptor of flow in this review. This ‘sense of control’—or, as Csikszentmihalyi (2014a) more 

recently described, “a lack of anxiety about losing control” (p. 231) and not a strained conscious 

control that may otherwise occur from an increase in anxiety over losing control—is considered 

integral to the unusual fluidity of action and felt effortlessness (e.g., Bian et al., 2016; Järvilehto, 

2016) that identifies flow from other high-performance acts (i.e., clutch states; Swann et al., 2017). 

For example, in a meta-analytic review within computer-mediated learning, Auld (2014) stated that 

“flow enables the individual to enjoy the activity in a seemingly effortless manner… feeling in 

control of one’s actions during a task, despite a seeming automaticity and effortlessness to one’s 

behaviors; hence participants have described this feeling as if they were ‘flowing’ on a current” (p. 

6). Equally, in neuroscientific or psychophysiological studies, flow is frequently described as a 

subjective state of effortlessness (e.g., Bian et al., 2016) in which attention is effortless (e.g., De 

Manzano et al., 2012). In the literature on neurophysiology, subjective effort-less control has been 

aligned with fast and efficient physiological processes that are internally coherent and harmonious. 

Specifically, when experiencing effort-less control, there appears cortico-muscular coherence (e.g., 

Cheron, 2016), co-activation of brain regions (e.g., Weber et al., 2016), balanced ANS activity (e.g., 

Tozman et al., 2017), and synchronized changes in neural activity (i.e., inferior frontal gyrus, left 

putamen, and amygdala) that permit the psychophysiological processes of a deeper sense of 

cognitive control, increased coding of outcome probability (putamen), and decreased negative 

arousal (e.g., Ulrich et al., 2014; Ulrich et al., 2016b).  
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Flow has also been associated with a reduction in conflict-monitoring cognitive processes as 

evident by reduced activity in the anterior cingulate cortex—an area of the brain designed to assign 

effortful resources when conflict is assumed (see conflict-monitoring theory: McGuire & Botvinick, 

2010). Additionally, an inhibition of the posterior cingulate cortex (a core region of the default 

mode network; Huskey et al., 2018) and explicit cognitive system (i.e., transient hypofrontality; see 

Nakamura & Roberts, 2016), which results in a reduction of concern about self-ability and allows 

for more efficient and fluid processing and movement, is highlighted to be apparent during flow 

(Bian et al., 2016). In EMG and EEG studies, high levels of cortico-muscular coherence suggest 

that flow is linked with a synchronization of neural activity between the brain and body, which is 

responsible for the high level of control and, more precisely, the smoothness perception or fluidity 

of action that is described in flow (see Cheron, 2016). In further examination of the high degree of 

felt control in flow, flow is linked with synchronized activity in somatosensory networks and 

acute sensorimotor activation, which facilitates heightened feedback and a subsequent increased 

sense of control (Klasen et al., 2012).  

In regard to flow feeling less effortful than typical, the synchronization theory of flow 

outlines how a highly efficient ‘switching on’ of networks associated with goal-directed activity, 

and a corresponding ‘switching off’ (due to limited capacity) of areas related to the self and 

perception of effort reduces the effort felt, even during high physiological effort (see Westcott-

Baker & Weber, 2012; Huskey et al., 2018). In adjacent research, authors have highlighted an 

inhibition in debilitative emotional responses that may require effort to overcome. For example, 

some scholars have highlighted that the heightened concentration during flow is posited to 

temporarily exclude all irrelevant thoughts and feelings from consciousness (Csikszentmihalyi, 

2014a; Guertin, 2016; Swann et al., 2017). Concurrently, neuroscientific and psychophysiological 

researchers indicate that a defining feature of flow is the reduced emotional activity that is apparent 

in (a) the down-modulation of emotional arousal mediated by the amygdala (Ulrich et al., 2016b), 
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(b) a down-regulation of medial prefrontal cortex, which plays an important role in emotional 

biasing during decision-making (Nah et al., 2017), and (c) reduced activity in the dorsomedial 

prefrontal cortex, which is responsible for activity surrounding self-related emotions (Nah et al., 

2017). Further research is required to understand the psychological ramifications of these 

neuroscientific findings, though this preliminary research helps to shed light on how flow can feel 

effort-less even during objectively effortful acts. 

In summary, this effort-less control, or reduced felt effort deriving from a reduction of 

mental conflict and increased fluidity of movement, is seen as a principal characteristic of flow 

since traditional models of focused engagement otherwise require high degrees of felt effort (i.e., 

cognitive/mental effort and arousal) to override external distractors (Gaggioli et al., 2013; Harris et 

al., 2017; Peifer et al., 2014; Romero & Calvillo-Gamez, 2014; Tozman et al., 2015). Järvilehto 

(2016) argues that it is precisely this reduced effort and inhibition of the explicit system that allows 

intuitive rather than self-reflective action, and posits that it is this intuitiveness of the behavior that 

allows such effort-less control to be felt.  

The Flow Experience Dimension 3: Intrinsic Reward. This review found a diverse range 

of constructs representing flow as an intrinsically rewarding (i.e., ‘autotelic’) experience that is 

characterized in a psychophysiological way by positive valence and optimal levels of arousal. For 

example, the majority of sources pointed towards a sense of enjoyment or intrinsic reward during 

flow as a fundamental characteristic of flow (e.g., Nakamura & Csikszentmihalyi, 2014; Valenzuela 

et al., 2018; Yoshida et al., 2013). Correspondingly, 28 terms accounting for 9.77% of the total 

described and measured constructs were synthesized into this construct, including the common 

terms employed in flow literature: ‘autotelic’ (e.g., Csikszentmihalyi, 2014a), ‘joy’ (e.g., Chilton, 

2013), ‘enjoyment’ (Llorens et al., 2013), ‘positive affect’ (e.g., Omori et al., 2014), ‘intrinsic 

reward’ (e.g., Romero & Calvillo-Gamez, 2014), ‘positive valence’ (e.g., Peifer et al., 2014), 

‘pleasure’ (e.g., Lazoc & Luiza, 2012), and ‘satisfaction’ (Wolfigiel & Czerw, 2017).  
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An ‘autotelic experience’ was the seventh most described (k=141) and ninth most measured 

(k=70) term of flow, likely due to its inclusion in the nine-dimensional model. It is unclear, 

however, whether Csikszentmihalyi meant for an autotelic experience to represent a holistic 

description of the entire flow experience (flow was originally labelled ‘autotelic experience’; e.g., 

Abuhamdeh & Engeser, 2012), a part of the experience (e.g., Araújo & Hein, 2016; Kaur et al., 

2016), a consequence of flow (e.g., Pertula et al., 2017; Schiefele, 2013; Swann et al., 2018), or a 

reason for participation (e.g., Corbatto, 2018; Monson, 2013). Accordingly, authors utilized this 

‘autotelic’ component differently. The terms ‘intrinsic reward’ (e.g., Nakamura & 

Csikszentmihalyi, 2014) and ‘enjoyment’ (e.g., Miles, 2012) were instead used more consistently, 

with most scholars positioning them as a component of the flow experience. From a neurobiological 

perspective, there is a strong link to attention and reward such that the sustained attention in flow 

requires the experience to be somewhat rewarding, as is evident in the activation of midbrain 

reward structures (Nah et al., 2017) and increased dopamine production during flow (Bian et al., 

2016). Dopamine is considered to be an essential neurochemical in the brain’s reward system, 

making the flow experience feel highly rewarding. In fact, the correlation between flow and 

dopamine is considered so strong that flow proneness has been related to a polymorphism of the 

dopamine D2 receptor coding gene (DRD2 C957T rs6277) which affects striatal D2 receptor 

availability and thus an individual’s ability for flow proneness (Gyurkovics et al., 2016). For 

example, Huskey et al. (2018) posited in the synchronization theory of flow (i.e., synchronization 

process between structures within cognitive control and reward networks) that intrinsic reward is 

biologically inevitable during flow, and that fMRI studies show that optimal levels of challenge 

corresponded to the highest levels of intrinsic reward (when compared with problems that are too 

easy or difficult).  

Lastly, of note, is the importance of differentiating the real-time intrinsic reward felt during 

the experience and emotions (see also Abuhamdeh, 2020) that accompany one’s reflective 
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assessment of the event—the latter may be a better reflection of the participant’s immediate 

response to the experience (e.g., enjoyment, joy, surprise, happiness) (Llorens & Salanova, 2014); 

therefore, the term ‘intrinsic reward’ rather than enjoyment was deemed a more accurate reflection 

of this dimension. Concurrently, experimental studies have shown that flow experiences are 

characterized by optimal levels of arousal, and high values for positive valence that then lead to 

positive affective states (see Cheng, 2014; Peifer et al., 2014; Ulrich et al., 2016b). Equally, 

emotion theorists (e.g., Barrett et al., 2007; Moors, 2009) often describe emotion as a composite of 

two dimensions, valence and arousal, that combine to produce an “affective quality” or emotion 

(Moors, 2009) such as enjoyment (subsumed in this dimension). Given this dimension encapsulates 

the emotional term ‘enjoyment’, we thought it best to position arousal and valence indicators under 

the dimension ‘intrinsic reward’. Further research is required, however, to understand whether 

arousal markers best represent this dimension, another dimension, or all three dimensions (i.e., the 

experience as a whole).  

In terms of understanding those constructs that arise as a result of flow, rather than those 

that describe the flow experience itself, this review revealed three common outcome themes (which 

we present below). 

Flow Outcome Theme 1: Positive Development. Positive development accounted for 

45.6% of total reported outcomes of flow and was the most commonly studied consequence of the 

construct. Emotional, well-being, health, and developmental outcomes were all synthesized into this 

theme, with specific experiences such as joy, meaning, satisfaction, happiness, personal 

development, growth complexity, enhanced self-concept, increased self-identity, physiological 

health, mental health, and reduced stress all linked to flow. In the event of further causal research 

shedding light on flow outcomes, researchers may find it more appropriate to position 

developmental and well-being (i.e., health and emotion) outcomes as distinguishable sub-categories, 

or as separate outcome themes.     
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One rationale for an association between flow and positive development was offered by 

Nakamura and Roberts (2016); these authors argued that self-reflective attention, which is absent 

during flow, is chiefly responsible for many self-defeating processes such as anxiety, stress, 

negative affect, negative health, and the causation of depressive tendencies. Even at a basic 

level, self-focused attention can impair the quality of one’s experience and limit attentional capacity 

causing moment-to-moment attentional conflict, effort, and subsequent stress. Since flow facilitates 

an absorption that inhibits this self-reflective activity, attentional conflict and stress is reduced, 

which subsequently allows room for positive outcomes (e.g., Nakamura & Roberts, 2016). For 

example, Fullager et al. (2013) reported that flow—as operationalized through challenge-skill 

balance and measured through an adaptation of the FSS-2 scale—and task-specific anxiety were 

antithetical experiences such that when flow was highest, performance anxiety was lowest (and vice 

versa). These intrinsically rewarding experiences of effort-less control result in a more ordered self, 

stronger self-efficacy (e.g., Waples & Knight, 2017), personal satisfaction (e.g., Miles, 2012) and 

ultimately improved well-being and health (e.g., Magyarodi & Oláh, 2016). For example, Riva et 

al.’s (2016) review indicated that flow in everyday life was connected with individuals’ well-being, 

reduced symptomatology, and positive and meaningful changes both inside and outside the 

therapeutic and rehabilitation processes. Developmentally, Freire et al. (2016) posited that these 

flow experiences can also be referred to as ‘optimal leisure’, which facilitate several developmental 

functions and positive personal and social skills and achievements. Overall, flow has been viewed 

as an effective and rewarding coping mechanism for anxiety- and stress-reduction when facing 

daily-life challenges (e.g., Llorens & Salanova, 2017; Sadlo, 2016), associated with moderate 

cortisol levels (i.e., not associated with high levels of cortisol that might ordinarily be associated 

with distress) during challenging task engagements (e.g., Peifer et al., 2014), and for deriving 

potential health benefits.  
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Flow Outcome Theme 2: High Functioning. A theme relating to ‘high functioning’ 

(28.44%) brought together terms such as ‘high performance’, ‘optimal functioning’, ‘increased 

creativity’, ‘academic achievement’, ‘optimal learning’, ‘increased productivity’, ‘cognitive 

efficiency’, ‘skill acquisition’, and ‘better judgments’. For example, Anderson (2016) associated 

flow, as measured through ESM in combination with observations and interviews, with better 

STEM learning. Further, Flett (2015) found that challenge-skill balance was correlated with positive 

functioning and led to higher performance ratings whilst playing tennis, and Wang and Hsu (2013) 

reported that flow improved learning performance and learning satisfaction. Although the majority 

of sources reported perceived functioning or performance as outcomes of flow (e.g., Swann et al., 

2017), some authors considered flow to be synonymous with objective performance success (e.g., 

Klasen et al., 2012). Given that peak performance (e.g., winning a sporting event) is dependent in 

many cases on external influences outside of an individual’s control (Privette, 1983), however, 

performance success may be best considered as a possible (rather than expected) outcome of the 

construct.  

Flow Outcome Theme 3: Further Engagement. Finally, a theme emerged reflecting 

‘further engagement’ (19.94%), which accounted for (a) continued engagement, adherence, and 

ongoing attentional recourses allocated to the relevant task in real time (e.g., Nakamura & Roberts, 

2016), and (b) a temporally delayed re-engagement (e.g., Csikszentmihalyi, 2014a). Terms such as 

‘continued engagement’, ‘sustained attention’, ‘commitment’, ‘exercise adherence’, ‘optimal 

engagement’, ‘further flow’, and ‘increased motivation’ were included in this theme. Sources 

considered flow to be a highly rewarding experience that led individuals to be naturally drawn 

towards re-engagement even at great risk (Csikszentmihalyi, 2014b). For example, Nakamura and 

Csikszentmihalyi (2009) described emergent motivation, meaning that once flow is achieved, the 

emergence of new intrinsic motives facilitates further engagement. In an application of this 

principle, Rodriguez-Ardura and Meseguer-Artola (2017) reported that flow, as measured through a 
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self-report questionnaire (examining challenge level, control, focused attention, presence, and 

positive affect), enhanced e-learners’ academic performance and contributed to students’ effective 

continuance in e-learning. Further, Harris et al. (2017) reported that flow resulted in continued 

attentional effort and allocation of attentional resources—which has both biological and 

sociological ramifications. 

2.5 Discussion 

Given the variation in conceptualizations of flow and the divergence in methods used to 

operationalize the construct, flow research is considered by some to require greater conceptual 

coherence and clarity (e.g., Boyd et al., 2018; Corbatto, 2018; Kawabatta & Mallett, 2016; Heutte et 

al., 2016; Sinnamon et al., 2012; Engeser and Schiepe-Tiska, 2012; Cheng, 2014; Hoffman & 

Novak, 2009; Swann et al., 2018; Auld, 2014; Mahnke et al., 2012; Moneta, 2012). Guided by 

scoping review recommendations, the broad purpose of this study was to bring together—and chart, 

in one place—the varied conceptualizations of flow that have appeared in the literature since 2012. 

We also sought, if possible, to identify commonalities in flow conceptualization that may provide a 

more coherent platform for future research in the area. Our review of over 200 sources 

demonstrated that the study of flow remains a popular research topic—flow research has been 

undertaken (since 2012) by researchers from 37 countries (predominately in Europe and the United 

States) and has appeared within 48 different scientific disciplines, including cognitive neuroscience, 

art therapy, sociology, clinical psychology, electrophysiology, artificial intelligence, human 

computer interface, and neuropsychophysiology. Unsurprisingly, flow research has been most 

frequently published in the broad field of psychology (accounting for 73% of studies in this review), 

especially in positive psychology (18%), sport and exercise psychology (10%), occupational 

psychology (7%), educational psychology (6%), and personality psychology (4%) fields. 

Importantly, although the review in part highlighted the disparate nature of flow research (e.g., 150 

different constructs, terms, or concepts were used to describe the flow experience, and 84 different 
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terms were positioned as flow antecedents), some commonalities also emerged with respect to flow 

antecedents, characteristics, and (to a lesser extent) outcomes. In the material that follows, we 

consider key implications of these findings.   

 

* = Csikszentmihalyi’s nine dimensions (Note: ‘Optimal Challenge’ represents a more unidimensional construct than 

‘challenge/skill balance’, which often measures challenge/difficulty and skill separately. ‘Total concentration on the task at 

hand’ has been updated to ‘focused and undistracted attention’. ‘Autotelic experience’ has been updated to ‘intrinsic reward’. 

‘Sense of control has been more aptly defined by Csikszentmihalyi as an absence of concern or anxiety over losing control – 

summarized as ‘absence of doubt’ ‘Time transformation’ and ‘loss of reflective self-consciousness’ have been considered as 

variable experiences within ‘absorption’. 

Figure 2. Constructs, compounding factors and outcomes of flow. 

 

The Conceptualization and Measurement of Flow 

This review identified two commonly reported or studied antecedent themes (optimal 

challenge and high motivation) and three experiential themes (absorption, effort-less control, and 

intrinsic reward), with the experiential constructs associated with psychological and physiological 

markers (see Figure 3 and the ‘Results’ section for a full analysis). With respect to the experience of 

flow itself, review sources indicated that flow is characterized by focused and undistracted 
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attention, a merging of action and awareness, fluidity of performance, an absence of concern over 

losing control, positive valence, and optimal levels of arousal (see Table 1). It appears, therefore, 

that (according to the sources reviewed in this study at least) an appropriate way to define flow may 

be as follows: flow is an intrinsically rewarding state of absorption in a task in which control feels 

effort-less. In addition to evidence for common antecedents and experiential concepts, three broad 

outcomes of flow were highlighted or studied—namely, positive development, high functioning, 

and further engagement.  

Table 1. Flow Dimensions and Descriptions 

Proposed Definition of Flow:  

Flow is an intrinsically rewarding state of absorption in a task in which control feels effort-less 

Antecedents to Flow  

Optimal Challenge A perceived capability to meet the challenging demands of the situation 

High Motivation A high motivational force 

Experiential Dimensions to Flow  

Absorption 
A state of absorption in the task characterized by focused, undistracted 

attention, and a merging of action and awareness 

Effort-less Control 

A high sense of control in which the task feels less effortful than is 

typical for that person, characterized by fluidity of performance and an 

absence of concern over losing control 

Intrinsic Reward 
An intrinsically rewarding experience characterized by positive valence 

and optimal levels of arousal 

 

This review is important not least because it addresses recent calls to reduce (unnecessary) 

theoretical complexity, eliminate redundancy, and strive for conceptual parsimony in psychological 

research (e.g., Hagger, 2014; Le et al., 2010). Specifically, compared to the somewhat inconsistent 

application (and in some cases, conceptualization) of the nine-dimensional model, the two 

antecedent and three ‘flow experience’ themes that emerged in this review may provide greater 

clarity for those seeking to understand, measure, and facilitate flow (and associated mechanisms or 

processes). In addition, and with those calls in mind, researchers have also been encouraged to 

consider the nature of flow relative to other related constructs, such as ‘peak experience’, ‘ecstasy’, 
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‘work engagement’, ‘immersion’, ‘peak performance’, ‘presence’, ‘intrinsic motivation’, 

‘mindfulness’, ‘cognitive absorption’, ‘clutch states’, or ‘deep play’ (see an overview of how these 

constructs differ from flow in S2, Comparisons to the Construct of Flow). The results of this review 

indicate that there is clearly a continued research interest in, and attraction to, the flow construct—

an interest and attraction that cuts across research methodologies and disciplines. This continued 

focus on flow may be in part due to the nature (i.e., the quality) of the experience itself. That is, 

although other related constructs may play a role in (and share elements of) the experience of flow, 

it appears that the combination of absorption, effort-less control, and intrinsic reward makes flow 

appealing from both a practical and a scientific perspective. It is interesting to note, for example, 

that individuals rarely focus on singular elements or components when describing flow. Most often, 

and as was observed in many of the sources reviewed in this study, it is the combination of (i.e., 

absorption, effort-less control, and intrinsic reward) elements that characterize individuals’ 

descriptions of a latent flow experience. In addition to providing greater clarity on the psychological 

dimensions of flow, this review also helped identify the ‘non-psychological’ markers associated 

with flow experiences (see Figure 3). By integrating recent neuroscientific and physiological studies 

with those focused on people’s experiences of flow, these findings provide a foundation for future 

research that intersects neurological, psychological, and physiological perspectives on the construct.  
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Note: The above physiological and neuroscientific markers are derived from preliminary 

findings and still require further research before defining a physiological blueprint to flow. 

The dotted lines represent the related dimensions, though certain physiological markers may 

better reflect the experience (as a whole) rather than specific dimensions. 

Figure 3. Physiological and neuroscientific measures and markers to flow.  

With an emphasis on the measurement of flow experiences (and antecedents), we observed 

substantial variation and a lack of consistency in the instruments used within the studies in this 

review. In addition to identifying a plethora of measurement instruments, it was apparent that the 

most commonly used instruments have attracted at least some criticism (see Moneta, 2012; Swann 

et al., 2018). It was also apparent that no existing instrument (a) adequately assesses all of the 

dimensions of flow outlined in this review, (b) is able to identify when a person is ‘in’ or ‘out’ of 

flow (Engeser, 2012b), or (c) offers a clearly superior way of measuring the intensity of the flow 

experience (Moneta, 2012; Jackman et al., 2017). Regarding the issue of identifying the presence or 

absence of flow, researchers are encouraged to move beyond identifying flow when summed mean 

dimensional scores are above a midpoint (often labelled, ‘neither agree or disagree’) as low 
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dimensional scores may better reflect non-flow states (Jackman et al., 2017). Further, accounting 

for multiple occurrences of flow within a single activity or defined time period may be more 

accurate. One potential solution in this respect may be provided by Ellis and colleagues’ (2018) 

suggestion to integrate Hsiang et al.’s (2000) binary method of measurement with 

Csikszentmihalyi’s original flow questionnaire methodology. Such a method could be administered 

post-activity (or through ESM), whereby participants are asked to respond “yes” or “no” (e.g., 

binary response instead of, or as well as, a continuous response scale) to a description of flow and 

its dimensions. This method may provide insight into whether focal individuals consider themselves 

to be experiencing (or to have experienced) flow. Meanwhile, a more detailed assessment of flow 

intensity and frequency could be achieved through questions focused directly on soliciting 

participant ratings of these descriptors. Respondents might be asked, for example, “can you relate to 

experiencing this description?” (yes/no), and if yes, to identify the strength or intensity of the 

experience, and whether it reflected one continual experience or was a case of entering and exiting 

the experience multiple times. If indicating the latter, participants may also be asked to indicate the 

proportion of the total time they were in flow within the activity and add commentary on flow 

restoration or other temporal factors. Such a solution could be compared against the common 

approach of measuring flow through a Likert scale instrument (continuous measure) to ascertain 

possible thresholds of flow entry. 

Integration of Post-Review Research  

Flow research has continued to accumulate since the period during which this review was 

conducted. It is important, therefore, to highlight certain important contemporary works that offer 

insight into the fundamental conclusions of this review. Most notably, Peifer and Engeser (2021a) 

edited a recent update to the 2012 collection of articles on flow (Engeser, 2012a), and in support of 

our review findings concluded that (a) “a gold standard for the modelling and measurement of flow 

is not at close reach” (p. 61)––highlighting that measuring flow is in need of continuous 
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improvements in line with theoretical advancements, and (b) there was support for synthesizing 

flow descriptors into three core experiential dimensions (absorption, perceived demand-skill 

balance, enjoyment). Peifer and Engeser’s (2021b) work also synthesized a number of flow 

characteristics into a core dimension, labelled ‘absorption’ (i.e., merging of action and awareness, 

centering of attention, loss of self-consciousness, absorption, and distortion of temporal experience 

of time), to represent the high level of control felt in flow. In addition, Peifer and Engeser (2021b) 

labelled a secondary core dimension as ‘perceived demand-skill balance’. An important 

differentiating approach between the findings of this review and Peifer and Engeser’s (2021b) 

labelling of ‘perceived demand-skill balance’ (representing the high sense of control, clear goals, 

and unambiguous feedback) is that sources within this review highlighted (both psychologically and 

neuroscientifically) that it is the sense of ‘effortlessness’ (i.e., a subjective sense of the act being 

less effortful or more fluid than usual) towards the sense of control that differentiates flow from 

other forms of high control (also see Peifer & Tan, 2021). Additionally, we observed that review 

sources in our work recognized the optimal level of challenge dimension (i.e., perceived demand-

skill balance) as an antecedent to flow (e.g., Barthelmäs & Keller, 2021)—one that should be 

separated, therefore, from the experience of a high effort-less sense of control. Whereas Peifer and 

Engeser (2021a) position an optimal challenge (and the sub-dimensions of clear goals and 

feedback) as both antecedental conditions that facilitate flow and experiential factors (i.e., they 

represent a subjective perception during an activity). Lastly, it also seemed inaccurate to place a 

balance-skill fit dimension into the core experience of flow as this would limit all flow experiences 

to demanding or achievement orientated situations, thereby exlcuding non-achievement situations 

for finding flow (e.g., conversations). Another important differentiating approach between this 

review and Peifer and Engeser’s (2021b) suggested core dimensions, is that although both the 

findings of this review and Peifer and Engeser’s (2021b) work aimed to encapsulate the autotelic 

experience of flow, we labelled that dimension as ‘intrinsic reward’, differing from Peifer and 



 68 

Engeser’s (2021b) utilization of the term ‘enjoyment’. In this review, sources highlighted that to 

acknowledge an experience as ‘enjoyable’ (or not) involves reflective cognitive processes that are 

deemed open to bias from outcomes and contextual or social factors. To illustrate, one may 

experience an intrinsically rewarding hit of dopamine during an optimally aroused state, for 

example, yet still reflect on the experience as not enjoyable if they lost the sporting contest or 

received negative feedback from a colleague (see Abuhamdeh’s, 2021, review on the relationship 

between flow and enjoyment). The term ‘intrinsic reward’, therefore, was deemed as a more 

appropriate depiction of a flow-like experience. In terms of understanding flow intensity, frequency, 

and duration, there is also a long-standing debate about whether flow is a discrete (i.e., in-or-out) or 

continuous (i.e., mild-to-intense) state. Although most flow researchers measure flow with Likert-

type scales (thereby assuming flow is a continuous state), Abuhamdeh (2020) suggested that, if flow 

is conceptualized as an “optimal” experience, it should be measured as a discrete state and not in 

terms of varying levels of intensity. That is, Abuhamdeh argued that lower intensities are unlikely 

to be ‘optimal’, and that flow can only be experienced once a high threshold is met. Peifer and 

Engeser (2021b), on the other hand, suggest that flow can be both a discrete and continuous state; 

an experience can be considered ‘flow’ when certain markers above a threshold are met (i.e., 

discrete), then “the intensity of the experience becomes even more intense (i.e., continuous) the 

more the components are present and pronounced” (p. 425). Further clarity in this area is clearly 

required in order to develop more effective forms of measuring (and promoting) flow.  

Post-review neuroscience and psychophysiology studies continue to support the flow 

components of absorption, effortless-control, and intrinsic reward. Three publications, however, 

offer additional insight beyond the review findings. Firstly, Van der Linden et al. (2021) positioned 

that the higher dopaminergic activity that makes flow intrinsically rewarding (a) inhibits mood 

states such as fatigue, hunger, or/and low expectations, and (b) activates moods and cognitive states 

such as optimism and energy, helping to explain certain descriptive and behavioral characteristics of 
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flow (e.g., vitality, long durations without eating). In addition, Van der Linden et al. (2021) 

suggested that the characteristics of flow can be partially explained by the interaction between three 

large networks in the brain. Van der Linden et al. argued that during flow, the Default Mode 

Network (DMN; as explained earlier) activity is inhibited causing absorption effects (e.g., loss of 

self-consciousness), the Central Executive Network becomes activated supporting the high degree 

of focused attention in flow, and the Salience Network (that continuously evaluates feedback and 

affirms that one is still ‘in control’) activating may account for the high degree of control felt during 

flow and the continual inhibition of negative stress reactions. Second, Peifer and Tan (2021) 

published a revised and updated version of the article, “Psychophysiological Correlates of Flow 

Experience” (Peifer, 2012), offering an integrative account on physiological activation during flow. 

Peifer and Tan described findings that mirror those presented in this review (moderate sympathetic, 

cortisol, and parasympathetic activation, reduced DMN activity, and synchronized brain regions 

involving reward and cognitive control), though in addition, they also suggested a high activation of 

the brain’s cognitive ‘multiple-demand system’. And third, Leroy and Cheron (2020) highlighted 

the neural generators and rapid changes in cortical or subcortical activity that characterize flow. 

Specifically, Leroy and Cheron experimentally analyzed a tight-rope walker under ecological 

conditions and reported that the flow state was accompanied by the recruitment of additional EEG 

generators (globus pallidus) and basal ganglia activity (suggesting transient hypo-frontality to 

momentarily suppress the analytical meta-conscious abilities of the explicit system) not found in 

other high challenging (but not flow) situations.  

Unanswered Questions and Future Directions 

Despite providing insight into important conceptual and methodological issues, this review 

also highlighted key areas that require greater scrutiny by those who study flow. First, in examining 

the causal processes involved in flow experiences, constructs are often interchangeably referred to 

as antecedents, pre-conditions, mediators, compounding factors, or influencing factors. Moving 
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forward, we recommend that constructs recognized or targeted as causing flow experiences to be 

labelled as ‘antecedents’ so that research can be more easily amalgamated. Second, it is important 

that researchers’ attention be directed toward understanding the nature of flow within groups. 

Recent research regarding flow in groups is sparse—only 6.33% of studies in this review fully or 

partially focused on the concept of group flow. Nevertheless, there is preliminary evidence that flow 

may have a contagion effect in groups (Culbertson et al., 2015; Kim, 2016). There was 

inconsistency among sources in this review as to whether ‘group flow’ or ‘collective flow’ may 

reflect a process of individuals being ‘drawn into’ flow by one another in a contagion-like manner 

(i.e., an amalgamation of individual flow experiences; e.g., Culbertson et al., 2015), or whether a 

higher-order (group-level) flow construct exists (e.g., Corbatto, 2018; Kim, 2016). To better 

understand the nature of any group-level flow construct—such as in work or sport teams—it would 

be valuable to draw from Chan’s (1998) classic text in which he outlines the ways through which 

constructs (e.g., flow) may operate at different levels of analysis. The careful development and 

testing of composition models in the flow literature (i.e., specifying how lower- and higher-order 

flow constructs are related) may enable interesting research into potential group-level correlates of 

any higher-order construct, such as heightened social awareness (Lucas, 2018), a sense of unity 

or joint progress, and shared identity (van den Hout et al., 2018). In addition, such work would 

enable researchers to test proposals relating to theorized antecedents of flow in team settings, such 

as institutional, cognitive, and affective trust (Corbatto, 2018), collective ambition, common goals, 

open communication, skill integration, safety, mutual commitment (van den Hout et al., 2018), and 

collective efficacy beliefs (Salanova et al., 2014).  

Aside from considering group-level, team-related issues, it is also important that researchers 

attend to integrating flow ‘theory’ with other established theoretical models. It was apparent in 

these review sources, that there are overlaps between flow components and those in other prominent 

theoretical frameworks. If research efforts are directed toward studying these ‘overlaps’ in greater 
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detail, it is possible that such work will lead to a more nuanced understanding of (what appear to 

be) the common flow characteristics and antecedents outlined previously. For instance, the evidence 

relating to optimal challenge and arousal within flow appears to have connections to research on 

stress and optimal functioning (Tozman & Peifer, 2016). Specifically, the notions of ‘challenge’ 

within the transactional-stress model (Lazarus, 1993; Lazarus & Folkman, 1984), ‘eustress’ within 

Selye’s (1983) general adaptation syndrome, and ‘optimal arousal’ within Hanin’s (2000) individual 

zones of optimal functioning model, all emphasize deep concentration and optimal functioning 

occurring at the top of an inverted-U bell curve (Tozman et al., 2015; Tozman & Peifer, 2016). 

Similarly, a closer consideration of self-efficacy theory (Bandura, 1997) may inform flow 

researchers’ understanding of the ‘optimal challenge’ antecedent, and aspects of self-determination 

theory (SDT; Ryan & Deci, 2000) and motivational competence (see Engeser & Schiepe-Tiska, 

2012) may offer insight into the ‘high motivation’ antecedent theme. As one example, Schüler and 

Brandstätter (2013) reported, for instance, that subjects whose psychological (competence and 

relatedness) needs were not satisfied reported less flow. Lastly, the two antecedents (i.e., optimal 

challenge and high motivation), as posited in this review, appear to be consistent with Petty and 

Cacioppo’s (1986) delineation between ability and motivation as unique attributes to changing 

behavior.  

There are also a range of important measurement and methodological considerations that 

stem from the findings of this review. We have already considered measurement issues relating to 

the assessment of flow experiences, but with respect to antecedents, it appears it would be valuable 

to assess optimal levels of challenge using instruments in which ‘demands’ are not separated from 

‘ability’ (Keller & Landhäusser, 2012). It would also be valuable to determine the extent to which 

‘optimal challenge’ is operationally distinguishable and independent from one’s ‘high motivation’, 

and the combinations between these factors that are most likely to give rise to intense and sustained 

flow experiences. Research is also needed to better understand the types of motivation that lead to 
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flow—perhaps most notably, it would be interesting to test in more detail whether autonomous 

motives are necessary for flow experiences, or whether (and if so, when, and in what relation to 

intrinsic motives) flow may occur in the presence of more controlled motives. Finally, researchers 

are encouraged to continue to chart the physiological markers that characterize flow experiences, 

partly with an emphasis on understanding whether these processes help reveal a graduated process 

for entering flow (versus a more discrete ‘turning on’ of flow).  

Practical Implications 

Before considering limitations of this study and offering conclusions, it is important to note 

the practical implications that emerged from this review. For those who seek to experience, train, or 

facilitate flow, review sources indicated that there may be promise in the use of self-regulatory 

training (Riva et al., 2016), hypo-egoic self-regulation (Nakamura & Roberts, 2016), metacognition 

of flow training (Moneta, 2017; Wilson & Moneta, 2016), and flow mindset educational 

interventions (Norsworthy et al., 2017). The two broad antecedent themes outlined in this review 

provide direction that may help individuals achieve flow (e.g., generating high levels of motivation, 

and seeking challenging opportunities whilst maintaining a sense of capability to meet these 

demands and foster an optimal level of challenge). Further, Swann et al. (2017) suggested that 

researchers report on, or address directly, the restoration and temporal characteristics of flow 

experiences. Recommendations with this goal in mind might include attention training or 

meditation that targets focused and undistracted attention, and relaxation techniques that help 

manipulate individuals’ arousal levels and parasympathetic activity during arousing activities (see 

MacNeil & Cavanagh, 2012; Peifer et al., 2014). We additionally suggest that non-invasive 

electrocardiographic biofeedback devices incorporating HRV training may also prove useful in this 

respect, especially when technology in this space becomes mobile.  
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2.6 Limitations 

It is worth reiterating that although our aims were suited to the conduct of a scoping review, 

it remains that systematic reviews and meta-analyses within more specific domains (or focused on 

more specific questions) of application may help further refine our knowledge of applied flow 

science. It may also be valuable in the future to apply a Delphi method (see Landeta, 2006) to the 

themes presented and conclusions offered in this review, and to solicit expert commentary from 

those representing the sub-disciplines from which review sources were drawn. A specific limitation 

of our ‘Integration of Post-Review Research’ is that included studies were not a comprehensive 

representation of all flow research that has appeared in the literature between 2019 and the time of 

publication. Rather, in that section, we simply hoped to highlight a selection of what we consider to 

be important contemporary articles published outside the window of our review period. 

In relation to the limitations of review sources, it became apparent during our analysis that 

more experimental studies utilizing the same conceptualization of flow (see ‘Moving toward 

Conceptual Clarity and Parsimony’) are required to draw more conclusive findings. Further, authors 

from review sources varied in their framing of constructs as flow antecedents, pre-conditions, 

mediators, compounding factors, influencing factors, experiential descriptors, and even outcomes––

making the interpretation and synthesis of research difficult. The rise of non-psychological (i.e., 

neuroscientific, physiological) research is helping to further our appreciation about the nature of 

flow (as evident by this review), although many of the review sources (a) assumed an ‘optimal 

challenge’ was the only flow antecedent, and (b) assumed that flow was apparent when difficulty 

levels were objectively balanced with skill levels. It was unclear, therefore, in certain instances, 

what exactly was being measured (e.g., flow or a high level of challenge non-flow state). Given that 

flow is a subjective phenomenon, objective measures should be analyzed alongside (rather than 

replacing) subjective experiential measures. 
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2.7 Conclusion 

The work of Csikszentmihalyi and of others who have devoted sustained effort to examining 

and describing flow is of great importance. Flow research has been, and remains, pervasive across 

diverse scientific disciplines. In recent years though, scholars have noted that the language, 

definitions, measurement approaches, and models used in flow research and writing have become 

increasingly diverse. The aim of this review was to collate findings and perspectives on flow from 

different scientific disciplines. In doing so, we sought to identify what was common across recent 

flow work, and to make a step toward finding a more consistent language and meaning for those 

who work to understand and promote flow experiences. The findings of this review indicate that 

despite substantial diversity in terminology, concepts, descriptors, and assessment methods, there 

are indeed many commonalities in our collective study of this construct. Focusing on these 

commonalities may advance our understanding of flow beyond the nine-dimensional model and 

better inform us about what flow is, what flow is not, and how flow is generated and best measured. 

Moreover, the systematic study of these commonalities promises to aid our conceptual 

understanding, help address measurement limitations, enable better theoretical integration, and may 

allow people to more readily facilitate and experience flow.  
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Chapter 3: Psychological Flow Scale (PFS): Development and preliminary validation of 

a new instrument to measure the flow state 

 

3.1 Abstract 

To address recent conceptual criticisms on flow science and findings of the scoping 

review in chapter 2 (i.e., three core dimensions of flow), we sought to develop—and provide 

preliminary validity evidence for scores derived from—a new Psychological Flow Scale (PFS). PFS 

item development involved a phase of theoretical scrutiny, review of existing instruments, item 

generation, and expert review of items. Subsequently, 936 participants were recruited for scale 

development purposes, which included sample testing, exploratory factor analysis, and a 

confirmatory factor analysis using a bi-factor model. This model showed satisfactory fit for three 

distinguishable dimensions ‘under’ a single general or higher-order factor (i.e., global flow score). 

With respect to external aspects of validity, flow scores correlated positively with perceptions of 

competence, self-rated performance, autotelic personality, and negatively with anxiety and stress 

scores. In conclusion, we present preliminary evidence for the theoretical and operational suitability 

of the PFS as a (domain-general) measure of flow that can be utilised across scientific disciplines. 

3.2.1 Introduction 

Flow, an optimal experience often colloquially referred to as being ‘in the zone’, has 

been studied extensively for more than 40 years and is recognised as an important concept in the 

scholarly literature and popular culture. This psychological state of absorption and effortlessness to 

one’s actions (Csikszentmihalyi, 1975) has historically been conceptualised through 

Csikszentmihalyi’s model of flow, which contains nine key dimensions (see Jackson & 

Csikszentmihalyi, 1999). Continued debate regarding measurement and conceptual inconsistencies, 

however, has led to recent appraisals that “flow research is approaching a crisis point” (Swann et 

al., 2018; p. 249). Specifically, Swann et al. (2018) contended that Csikszentmihalyi’s flow model 
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is not sufficiently mechanistic to be considered a ‘theory’ as it lacks specific definitions and 

propositions underpinning testable causal relationships, and has issues of discriminant validity and 

conflation of flow with other states within the nine dimensions model. The nine-dimensional model 

has also been criticised regarding construct validity issues and relational ambiguity between 

dimensions (e.g., Engeser & Schiepe-Tiska, 2012; Heutte et al., 2016), theoretical incompatibility 

with other established psychological theories (e.g., self-efficacy; Jackson & Csikszentmihalyi, 

1999; Swann et al., 2018), and inconsistent application and measurement across disciplines (e.g., 

Norsworthy et al., 2021; Peifer, 2012). In a recent collection of commentaries and articles on flow, 

Peifer and Engeser (2021) concluded that “a gold standard for the modelling and measurement of 

flow is not at close reach” (p. 61). Taken together, the critiques provided by these authors 

collectively highlight the need for researchers to re-consider issues of definition, conceptualization, 

and measurement regarding the flow construct.  

In order to chart disparities and commonalities in contemporary flow research, Norsworthy 

et al. (2021) recently conducted a scoping review encompassing over 230 flow-related works 

spanning psychology, physiology, and neuroscience (and other disciplines). Norsworthy et al. 

reported that flow was assessed using 141 different measures and described using 108 varying 

constructs, terms, or dimensions—targeting all, some, or none of Csikszentmihalyi’s nine 

dimensions (e.g., Fong et al., 2015; Zito et al., 2018). Within Norsworthy et al.’s synthesis, for 

instance, it was reported that Heutte et al. (2016) observed that barely half of the nine dimensions 

were perceived by learners in educational settings, and that specific dimensions—such as ‘time 

transformation’ or ‘loss of self-consciousness’—are only considered relevant in specific contexts 

(e.g., Sinnamon, 2012; Swann et al., 2012). A common theme that emerged in Norsworthy and 

colleagues’ review was the use of varied descriptive constructs that, despite similarities with one 

(or more) of Csikszentmihalyi’s dimensions, were contributing to challenges when synthesising 

research findings (also see Auld, 2014). Examples of such instances included the use of 



 97 

‘effortlessness’ in psychophysiological settings (Bian et al., 2016; De Manzano et al., 2012) to 

characterise Csikszentmihalyi’s ‘sense of control’, ‘telepresence’ in human computer interface and 

gaming contexts (e.g., Klasen, 2012; Lazoc & Luiza, 2012) to characterise absorption or ‘merging 

of action and awareness’, and the use of ‘enjoyment’ or ‘intrinsic reward’ (e.g., Llorens et al., 

2013; Romero & Calvillo-Gamez, 2014) to represent ‘autotelic experience’.  

Based on their review findings, Norsworthy et al. (2021) concluded that despite substantial 

differences in terminology, flow researchers appeared to most commonly conceptualise two key 

antecedents to flow (i.e., optimal challenge, high motivation), three core experiential dimensions 

that characterise the construct or experience itself (i.e., absorption, effort-less control, intrinsic 

reward), and three common outcome themes (i.e., positive development, high functioning, further 

engagement). Similarly, in a recent literature review targeting theoretical integration in the field of 

flow research, Peifer and Engeser (2021b) expressed support for synthesising flow descriptors into 

three similar core experiential constructs (i.e., absorption, perceived demand-skill balance, 

enjoyment).  

With respect to these three experiential dimensions of flow, Norsworthy and colleagues 

(2021) defined ‘absorption’ as “a state of absorption in the task characterised by focused, 

undistracted attention, and a merging of action and awareness”. From a neuroscientific perspective, 

Norsworthy et al.’s review highlighted that flow is thought to occur through a depleting ‘onion-

peeling’ effect of higher cognitive processes as attentional resources are reallocated to deal with the 

growing demands of the task (e.g., Sadlo, 2016; Ulrich et al., 2016). In line with Peifer and 

Engeser’s (2021b) rationale, Norsworthy et al. outlined that as absorption occurs to meet the 

complexity of the task, a greater number of unnecessary higher cognitive functions (i.e., reflective 

self-consciousness or time monitoring) are down-regulated to free up attentional capacity—

facilitating frequent descriptions of flow nuances such ‘loss of self-consciousness’, ‘time 

transformation’, and a ‘feeling of connection’.  
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‘Effort-less control’ was defined by Norsworthy and colleagues (2021) as “a high sense of 

control in which the task feels less effortful than is typical for that person, characterised by fluidity 

of performance and an absence of concern over losing control”. This dimension, which involves a 

sense of effortlessness (i.e., less effort; not void of all effort) to one’s high sense of control in the 

act, differentiates flow from other models of focused engagement that require high degrees of felt 

effort (i.e., cognitive/mental effort and high arousal) to override external distractors, and from other 

immersive states that may be enjoyable but not permit high functioning (Harris et al., 

2017; Norsworthy et al., 2021; Peifer et al., 2014; Romero & Calvillo-Gamez, 2014; Tozman et al., 

2015). The dimension ‘effort-less control’ differs from Peifer and Engeser’s (2021b) utilisation of 

‘perceived demand-skill balance’ on three key points. Firstly, although Peifer and Engeser (2021b) 

explained that perceived demand-skill balance represents the high level of control felt in flow, 

sources within Norsworthy and colleagues review highlighted (in both psychological and 

neuroscientific research) that it is the sense of ‘effortlessness’ (i.e., a subjective sense of the act 

being less effortful or more fluid than usual) towards the sense of control that differentiates flow 

from other forms of high control (also see Peifer & Tan, 2021). Secondly, the optimal level of 

challenge (i.e., perceived demand-skill balance) is widely recognised (including by Peifer and 

Engeser) as an antecedent to, rather than a dimension of, flow (also see Barthelmäs & Keller, 

2021). Lastly, Peifer and Engeser’s (2021b) utilisation of ‘perceived demand-skill balance’ posits 

that flow must derive from a situation in which the individual’s skill is being challenged. 

Norsworthy and colleague’s utilisation of ‘effort-less control’, however, also accounts for the high 

degree of felt control in flow within non-demand-skill specific scenarios, such as non-achievement 

scenarios (e.g., an interesting conversation uninspired by achievement motives; see Engeser & 

Schiepe-Tiska, 2012). 

The third dimension of flow, ‘intrinsic reward’, is characterised by positive valence and 

optimal levels of arousal (also see; Peifer et al., 2014; Ulrich et al., 2016). This dimension is 



 99 

evident in the activation of midbrain reward structures (Nah et al., 2017) and increased dopamine 

production that occurs during flow (Bian et al., 2016). The label ‘intrinsic reward’ captures the 

autotelic experience (as used by Csikszentmihalyi, 2014) and enjoyment (as used by Peifer & 

Engeser, 2021b) of flow and was chosen by Norsworthy et al. (2021) as the term better represents 

what was observed in the literature––in fact, Csikszentmihalyi himself, often utilises the term 

‘intrinsic reward’. ‘Intrinsic reward’ is more widely applicable across scientific disciplines and can 

be measured physiologically (e.g., dopamine levels) without involving reflective cognitive 

processes that occur following the flow experience, as would be necessary for determining one’s 

level of enjoyment––opening up the possibilities for potential bias from outcomes and contextual or 

social factors (Abuhamdeh, 2021). For further details, see Norsworthy et al.’s (2021) and 

Abuhamdeh’s (2021) reviews on the relationship between flow and enjoyment. 

Given the scope and findings of their review (which included an examination of existing 

flow measures), Norsworthy et al. (2021) suggested that no existing flow instrument adequately 

measures this three-dimensional conceptualisation of flow, and that a new flow instrument was 

required to measure these dimensions and exact conceptualisation of flow. Although many flow 

measurements exist, they either measure one, some, or none of the three-dimensions; often 

measuring similar dimensions (e.g., enjoyment) that may be care resemblance to one of the three-

dimensions (e.g., intrinsic reward) but differ in dimensional meaning. The main purpose of this 

study, therefore, was to examine existing instruments, develop an instrument that could measure 

flow experiences using this three-dimensional conceptualisation of flow, and to examine aspects of 

the reliability and validity of scores derived from that instrument. Instrument development followed 

(and the structure of the content below follows) Boateng et al.’s (2018) three-phased approach (i.e., 

item development, scale development, scale evaluation) and was grounded in Messick’s (1995) 

recommendations for the assessment of different aspects of construct validity. Specifically, we 

sought to provide preliminary evidence for content (i.e., relevance, representativeness, technical 
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quality), substantive (i.e., a theoretical rationale), structural (i.e., factor structure), external (i.e., 

convergent and discriminant evidence), and generalizability (i.e., examining scores across 

populations, settings, and tasks) aspects of validity.  

3.2.2 Phase 1: Item and Scale Development 

The study protocol was approved by the lead author’s institutional ethics committee prior to 

data collection. We used a multi-stage approach for item development including theoretical 

consultation, review of existing measures, item generation, item review, expert review of items, 

and target population review of items. Norsworthy et al.’s (2021) scoping review findings (see 

Table 1, Chapter 2) provided the conceptual justification for item generation, and supported the 

substantive aspect of validity for instrument development. Although antecedent constructs have 

been assessed within existing flow measures (e.g., Flow Short Scale, Rheinberg et al., 2002), 

Norsworthy et al.’s proposed antecedents to flow (i.e., ‘optimal challenge’, ‘high motivation’) were 

excluded from item development to ensure the new instrument measured the flow experience itself 

(and did not conflate experience with putative antecedents or pre-conditions).  

Examining Existing Instruments  

An initial search within the databases Web of Science (1900), PubMed (1997), Medline 

(1966), Scopus (1966), Embase (1947), PsycINFO (1806), SPORTDiscus (1930), and Google 

Scholar was conducted to ensure no existing instrument adequately measured these three 

dimensions. No time parameters were attributed. Measures found included (not the exhaustive list): 

Activity Flow Scale; adrenocorticotropic hormone [ACTH]; Autotelic Personality Questionnaire 

(APQ); blood pressure (BP); Blood Volume Pulse (BVP); cardiac output; cortisol levels; challenge-

skill - 'flow-simplex’; CSBI - Challenge-Skill Balance Index; Flow Questionnaire (Flow Q);  Deep 

Structured Experiences Questionnaire; Dispositional Flow Scale (DFS, DFS short, DFS-2, & DFS-

2 short); Day Reconstruction Method (DRM); ECG-cardiac output; ECG-Total Peripheral 

Resistance (TPR); ECG-cortical activity; ECG-HRV; Electrodermal Activity (EDA); EduFlow 
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Scale; EEG-affective states; EEG-emotional valence; EGameFlow; EMG-corrugator supercilia; 

EMG-orbicularis oculi; EMG-zygomaticus major; EMG- IM and sensorimotor behaviour; EMG- 

motor commands; EMG-EEG for CMC cortico-muscular coherence; endocrinological parameters; 

epinephrine levels; Experience sampling method-FQ; multiple ESM-

multicomponential/dimensional measures; eye blinking; eye pupil activity, eye tracking; facial 

expressions; Flow in Environment Scale (FLIES); Flow experience scale by Shin (2006); Flow 

Contextual Questionnaire (CFC); Flow Metacognitions Questionnaire (FMQ); Flow Questionnaire; 

Flow Scale (Myers 1978); Flow Short-Scale (FSS); Flow Synchronization Questionnaire (FSyQ); 

FLOW-W Questionnaire; Functional Magnetic Resonance Imaging (fMRI)-decreased left 

amygdala activity; fMRI-continuous arterial spin labelling; Functional Magnetic Resonance 

Perfusion Imaging (fMRPI); Functional Near-Infrared Spectroscopy (fNIRS); Flow Quadrant; Flow 

State Scale (FSS, FSS short, FSS-2, & FSS-2 short); and multiple adaptations to the FSS; Galvanic 

skin response (GSR); Heart Period (HP); High Frequency (HF) band; Hypothalamic-Pituitary-

Adrenal (HPA) levels; Heart Rate (HR); HR coherence; Heart Rate Variability (HRV); Impedance-

Cardiographic Signals (ICG) levels;  Interbeat Interval (IBI); Internet Flow Scale (IFS); multiple 

interview methods; kinematic motion segments; Low Frequency (LF) band; LF/HF ratio; mental 

effort measures; Magnetic Resonance (MR) activity; NIRS levels-oxygenated hemoglobin (O2Hb) 

concentrations; Observation methods; Operant Motive Test (OMT); Oxygenation levels (using near 

infrared spectroscopy); Oxytocin and ACTH concentrations; Positron Emission Tomography 

(PET)-default mode network; PET-dopamine-D2R binding potential (BPND); PET scan with C-

labeled raclopride RAC; Phasic EDA; Skin Conductance Response (SCR); PsychoLog (phone 

app); Relational Flow Scale (RFS); respitory rate; Respiration Signal (RSP)- salivary cortisol; self-

report sliders; State Flow Scale (SFS); Short Flow in Work Scale (SFWS); Skin Conductance (SC); 

Skin Resistance (SR); Social Network Analysis (SNA); Stroke volume (SV); sustained attention 

response; Stroke Volume (SV) blood measure; Swedish Flow Proneness Questionnaire (SFPQ);  
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Team Flow Monitor TFM; the experience fluctuation model;  the zone test (Dillon & Tait, 2000); 

Tonic EDA-long-term skin conductance level (SCL); top down attention: Gaze variability; total 

peripheral resistance; Transcutaneous (through the skin) Vagus Nerve Stimulation (tVNS); 

ventricular contractility; Work-related Flow Scale (WOLF, I-WOLF, & WOLF-S); and over 30 

custom scales. For a full list of these measures, what they mean, the dimensions that they measure, 

and references of these measures, see S1. Clearly many flow measurements exist (including over 

20 Likert scale instruments), but they either measure one, some, or none of the three-dimensions 

(absorption, effort-less control, intrinsic reward); often measuring similar dimensions (e.g., high 

control or enjoyment) that may bare resemblance to one of the three-dimensions (e.g., effort-less 

control or intrinsic reward) but differ in dimensional meaning. The widely used FSS-2 (Jackson & 

Eklund, 2002) measure, for example, measures all nine-dimensions to flow (Goddard et al., 2021); 

not only does this measure include the antecedents of optimal challenge (and sub-dimensions: clear 

goals and unambiguous feedback), it also doesn’t directly measure effort-less control and measures 

the nuanced dimension of 'time transformation’ that is often criticised for its validity. The Autotelic 

Personality Questionnaire (APQ; Tse et al., 2018) measures personality traits and not the flow 

experience, and many of the physiological measures mentioned above are still elementary and in 

genesis as to what aspect (or dimension) of flow they best represent, or whether they more 

accurately measure the experience as a whole. The Flow Short Scale (FSS; Rheinberg et al., 2002) 

was considered the closest existing representative instrument (to the three-dimensions posited in 

the scoping review in Chapter 2), due to the measures of fluency of performance and absorption. 

The FSS consists of 13 items that are suggested to predominantly measure the two factors of 

‘fluency of performance’ and ‘absorption’ (whilst also offering questions to measure ‘perceived 

importance’, ‘perceived outcome importance’, ‘demand’, ‘skills’, and ‘perceived fit of demands 

and skills’) resembling two of the three dimensions targeted in this study (i.e., absorption, effort-

less control). The FSS however, (a) did not fully assess the dimensions (and sub-dimensions) of 
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absorption and effort-less control as laid out in the scoping review, (b) includes antecedent 

constructs, and (c) does not measure the intrinsic reward dimension. Although the existing options 

for measuring flow are plentiful, and utilising (or developing) an existing measure would certainly 

be advantageous, when examining existing instruments to measuring flow it was clear that no 

existing measurement instruments adequately measures the core conceptualisation of flow that 

Norsworthy et al. (2021) highlighted in the recent scoping review. The existing measures have 

substantiative issues such as confounding antecedents into the experience measurement and not 

directly measuring the effortlessness associated with the high degrees of control that specifically 

delineates (and not conflates) flow from other similar states (such as clutch states, for example). 

Item Generation  

Given that no existing instrument specifically measures the three-dimensions laid out by 

Norsworthy et al. (2021), as laid in the scoping review, the lead author initially generated a pool of 

60 potential items (20 for each dimension) to measure the three flow experience dimensions. Two 

co-authors—both of whom had extensive experience with instrument development procedures—

then provided detailed review and comments (e.g., identifying redundancy, ambiguity, and double 

barreled questioning) that resulted in a revised pool of 36 potential items (12 for each dimension).  

Expert and Target Population Testing 

The initial pool of 36 items was first assessed by an expert panel comprising five scholars 

with research expertise in the topic (Boateng et al., 2018). These experts were chosen for their 

relevant academic experience evident by continuous publications in the motivational and 

psychological literature, and recruited through direct contact and the authors’ established network. 

They were asked to provide feedback on item content with an emphasis on relevance and technical 

quality (e.g., representativeness, understanding, jargon, overlap, ambiguity; Haynes et al., 1995). 

The experts were presented with all items alongside definitions of the three dimensions (which 

were used as criteria for the rating). They were then asked to provide a rating from 1 (not 
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representative) to 5 (clearly representative) in terms of how well each item represented the targeted 

dimension. Additionally, we requested qualitative feedback on item clarity, wording, and possible 

dimensional overlap. Surveys were administered through the Qualtrics online platform and 

included written instructions and definitions of key terms prior to commencement. In order to 

gather target participant (and also to serve as a ‘non-academic’ form of) feedback, a group of 15 

adults from the general population (6 males, 9 females) were also recruited through an existing 

workshop held by the lead author. The participants came from a range of professions (e.g., student, 

teacher, executive, designer, sports coach, and retail). These participants were asked to undertake 

an identical task. Together, these consultations resulted in 8 items being dropped and minor 

wording changes to ensure item clarity and relevance. For example, items with a mean score below 

4.4 were cut, and items containing the word ‘performance’ or terms deemed ‘too academic’ were 

removed or changed. As a result of these review stages, the pool of 36 items had been reduced to 

28 items. We began Phase 2 (below) with these 28 items and sought to test and further refine the 

item pool through the recruitment of a large sample of participants and iterative factor analytic 

methods.  

3.2.3 Phase 2: Evaluation through Factor Analysis and Validity Testing 

Overview and Procedure 

Our primary aim in Phase 2 was to perform exploratory and confirmatory factor analyses 

with the goal of testing and further refining the item pool and instrument. We also sought to (a) 

examine aggregate- and item-level descriptive statistics, and (b) assess external aspects of validity 

by examining item responses against related constructs and general appraisals of flow.  

We used a 7-point Likert-type response scale for the flow items anchored at 1 (Strongly 

Disagree), 4 (Neutral), and 7 (Strongly Agree). This response scale was selected because there is 

evidence that scale reliability and validity are generally improved using a 7-point scale (Dawes, 

2008). In addition to the flow items, we assessed related constructs and included questions 
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assessing general appraisals of flow (see Stage 3 for full details). We subsequently collected data 

through the use of a cross-sectional survey with 913 participants (from an initial pool of 956 of 

which 43, 4.5%, had large sections of incomplete data). This sample consisted of adults (635 

females, 285 males, 3 prefer not to say) from English-speaking countries (United Kingdom, United 

States, Australia, New Zealand, Ireland, South Africa), and all participants were recruited through 

the Prolific data collection platform. Prolific is a research recruitment and data collection company 

designed for use by certified academic institutions and only for research approved by an 

institutional review board. Prolific samples are increasingly prevalent in research reports, especially 

in cases when online methods are used for data collection within behavioural sciences (cf. 

Buhrmester et al., 2011); there is evidence that online methods may reduce sample biases in 

comparison to traditional data collection approaches (e.g., Gosling et al., 2004).  

All participants were provided electronically with an information letter and provided 

informed consent prior to completing the questionnaire. Data were downloaded and stored in a de-

identified spreadsheet on a secure server by the first author to ensure participant confidentiality. 

Participants were instructed to engage in an activity of their choice before commencing survey 

participation—the questionnaire was (requested to be) completed immediately after activity 

participation to ensure experience recall was as close to the event as possible (as recommended for 

flow measures; Norsworthy et al., 2017). Participants were instructed that they could use an activity 

that they had already completed prior to filling in the questionnaire (within the proceeding hours), 

and if no activity had been carried out then to stop and engage in a physical activity prior to 

continuing form completion. Although no remote surveillance procedures were possible, 

participants consented to having carried out the activity. Items in the survey were focused on 

participants’ thoughts and feelings experienced during the focal activity. Data from approximately 

half of the total sample (n = 457) were randomly apportioned for exploratory factor analytic 

purposes (see Stage 1 below) to refine the item pool and instrument, and the remaining (n = 456) 
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data were assigned for confirmatory factor analytic purposes (see Stage 2 below). Finally, to assess 

the external aspect of validity, we used all participant data (n = 913) to examine correlations 

between flow scores—using only the items that were ultimately retained for the ‘final’ instrument 

following stages 1 and 2—and related variables (see Stage 3 below). We felt that (re-)using the 

entire sample for this purpose was likely to generate more representative correlation values (rather 

than, for example, computing these correlations separately with the sub-samples used for stage 1 

and stage 2 analyses, or using only the ‘final’ sub-sample in stage 2).  

3.3.1 Stage 1: Exploratory Factor Analysis 

Method  

Exploratory factor analyses were performed in Stage 1 to (a) explore the factor structure of 

items, (b) examine the structural aspect of validity (i.e., examine the higher-order structure of the 

item pool, inter-item and item-total correlations, indicators of model fit and internal reliability), (c) 

eliminate problematic (i.e., high cross-loading) items, and (d) identify the most parsimonious 

instrument (Boateng et al., 2018). A varimax rotated principal components analysis was conducted 

as it represents a commonly used method to develop and refine instruments at this stage of 

validation efforts (Flora & Flake, 2017). At this stage, the authors also examined eigenvalues using 

Kaiser’s criterion, scree plots, Kaiser-Meyer-Olkin (KMO) tests for sampling adequacy, and 

Bartlett tests of sphericity. 

Results 

IBM Statistical Package for the Social Sciences (SPSS) Version 27 was used to undertake a 

varimax rotated principal component exploratory factor analysis. A KMO value greater than .6 

indicates factor analysis is appropriate, and greater than .9 is ‘marvelous’ (Kaiser, 1974; Kaiser & 

Rice, 1974). A significant Bartlett test (p < .05) is indicative of adequate conditions to fit a factor 

analysis. Strong KMO (KMO = 0.932) and Bartlett’s test of sphericity (χ2 (378) = 8881.62, p < 

0.01) scores indicated adequacy of fit for the factor analysis. Eigenvalues and a visual inspection of 
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scree-plots suggested a dimensional structure comprising three stable factors; a fourth factor was 

visible but was deemed statistically weak and conceptually non-relevant (see S3, Figure 1). Factor 

1 (intrinsic reward) accounted for 21.6% of the variance; Factor 2 (absorption) 21.2%; and Factor 3 

(effort-less control) 16.1%. Cumulatively, the three factors explained 59% of the variance in the 

data (see S3, Table 1). With the goal of developing a parsimonious (final) instrument, the strongest 

5 items—in terms of item loading on the intended factor—for each of the three highlighted factors 

(15 items in total) were retained for confirmatory analysis (Stage 2). Factor membership was 

determined based on a factor loading of 0.7 or greater and low cross-loading (Costello & Osborne, 

2005). Cross-loading of these items were generally small, and at most 0.349 (in one case). See S3, 

Table 2.  

3.3.2 Stage 2: Confirmatory Factor Analysis 

Method  

In Stage 2, descriptive statistics and reliability analyses (i.e., Cronbach’s alpha coefficient) 

were conducted for the items in each of the three factors and for the proposed Psychological Flow 

Scale (PFS; see Table 2) as a whole. At this stage, a bifactor model was chosen for confirmatory 

analysis for three main reasons. Firstly, researchers (e.g., Cronbach, 1951; Reise et al., 2010) have 

been critical of confirmatory factor analyses that ratify measurement scales through the reporting of 

coefficient alpha scores only, as these scores often result in misunderstandings and abuses of these 

coefficient alpha scores. Secondly, Norsworthy et al.'s (2021) scoping review highlighted that, 

conceptually speaking, the flow experience should not be reduced solely to its dimensions, or be 

represented by only one or some of its dimensions; rather, flow is posited to occur when all three 

dimensions are present and interactive. Empirical testing to ascertain whether the PFS could 

include a single global latent factor (i.e., global flow score, as opposed to the instrument being 

limited to the measurement of the three factors/dimensions), therefore, was deemed important. 

Lastly, the bi-factor model deals effectively with violations of local independence caused by item 
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clustering via specific factors and enables researchers to evaluate the utility of the specific factors 

(Fong et al., 2016). In summary, therefore, the bifactor measurement structure offers a “parent” 

model in the sense that both second-order and unidimensional measurement structures are nested 

within the bifactor structure (Rindskopf & Rose, 1988; Yung et al., 1999).  

A bifactor measurement model specifies whether the common variance among item 

responses can (or cannot) be partitioned into one general factor and two or more group factors 

where all factors are orthogonal. These orthogonal group factors represent common factors 

measured by the items that potentially explain item response variance not accounted for by the 

general factor (Reise et al., 2010). Reise et al. (2010) advised that when the researcher’s intention is 

to recognise multidimensionality and simultaneously retain the idea of a single important target 

construct, the bifactor model is one of the only adequate statistical analyses. Practically, if items 

load strongly onto a general factor, and comparatively weaker on each of the grouping factors, this 

provides support for consideration of a unidimensional scoring scheme. Alternatively, when items 

load as strongly, or stronger, onto each of the respective grouping factors than they do the general 

factor, the scoring of subscales instead of a ‘global’ score is more appropriate.  

 

Table 2. Psychological Flow Scale (PFS)  

The below questions relate to the thoughts and feelings you may have experienced while taking part in 

your recent activity. There are no right or wrong answers. Think about how you felt during the 

event/activity, then answer the questions using the rating scale. 

 

Please rate the questions below in relation to the most intense optimal moment you experienced in your 

given event.  

 

  
Strongly 

Disagree 
   

  Strongly 

Agree 

1 
I was totally engaged in what I was 

doing  
1 2 3 4 5 6 7 

2 I was absorbed in the act/task  1 2 3 4 5 6 7 

3 
I was highly focused on the 

task/activity  
1 2 3 4 5 6 7 
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4 
I felt a deep state of concentration 

on the task/activity  
1 2 3 4 5 6 7 

5 
All my attention was on the 

task/activity  
1 2 3 4 5 6 7 

6 
There was a sense of ease to my 

actions  
1 2 3 4 5 6 7 

7 My actions flowed effortlessly  1 2 3 4 5 6 7 

8 
There was a sense of fluidity to my 

actions  
1 2 3 4 5 6 7 

9 
My performance/actions felt 

intuitive  
1 2 3 4 5 6 7 

10 
There was a sense of effortlessness 

to what I was doing 
1 2 3 4 5 6 7 

11 I found the experience rewarding  1 2 3 4 5 6 7 

12 The experience felt satisfying  1 2 3 4 5 6 7 

13 
I would like the feeling of that 

experience again  
1 2 3 4 5 6 7 

14 I really enjoyed the experience  1 2 3 4 5 6 7 

15 The experience felt fulfilling  1 2 3 4 5 6 7 

 

Researcher notes: 

Items 1-15 measure the flow experience. Average the total scores to obtain a global flow score. Items 

1-5 measure the dimension ‘absorption’. Items 6-10 measure the dimension ‘effort-less control’. Items 

11-15 measure the dimension ‘intrinsic reward’. Where possible it is advised to examine dimensional 

scores in addition to global flow scores. Avg means scores (for both global and the three dimensions) 

to be used for reporting. 

 

Results 

Global mean flow scores for the final 15-item PFS ranged from 1.2 to 7 (M = 5.44; SD = 

0.86), whilst total dimensional (or subscale) scores ranged from 1 to 7 for absorption (M = 5.62; SD 

= 1.16), effort-less control (M = 5.14; SD = 1.13), and intrinsic reward (M = 5.55; SD = 1.24). See 

S3, Table 3, for detailed descriptive statistics. Internal reliability (Cronbach alpha) estimates for 

scores derived from each subscale, and the global factor, all exceeded .87 (absorption, α = .928; 

effort-less control, α = .875; intrinsic reward, α = .937; global factor = .895). See S3, Table 4a/b/c 

to Table 7a/b/c for further details of internal reliability estimates. Following checks for multivariate 

normality (using the indices of fit of the confirmatory factor analysis model to consider the 
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reasonableness of the model and its fit), a confirmatory bifactor analysis using maximum likelihood 

estimation was carried out using the R package Lavaan (Rosseel, 2012). A bifactor analysis was 

chosen to confirm the EFA results and examine whether a global score (sum of factor scores) could 

be used to represent a latent flow score (over and above representative factor scores) and evaluate 

the utility of the specific factors (Fong et al., 2016). Model identification was achieved by setting 

the variances of latent factors to one. Given the large sample size, measures of fit less sensitive to 

sample size were considered. The Comparative Fit index (CFI = 0.96) and the Tucker-Lewis index 

(TLI = 0.94) indicated good model-data fit (Kline 2005). The root mean square error of 

approximation (RMSEA) was 0.083, with a 90% confidence interval (0.073, 0.092). The SRMSR 

was in an acceptable range (0.094). These findings offered support for the structural aspect of 

validity for scores derived using this iteration of the PFS, whilst also indicating that the use of a 

general factor (alongside ‘lower-order’ dimension scores) may be justified (see Table 3a). For the 

interested reader, a retrospective (secondary) confirmatory bifactor analysis was also carried on the 

full dataset (n = 913; using only the retained ‘final’ items in this instance)—results in this instance 

were again supportive of the bifactor model; CFI was 0.97 and TLI was 0.96, RMSEA was 0.068, 

with a 95% confidence interval (0.061, 0.075), and the SRMSR was <0.08 (0.078; see Table 3b).  

 

Table 3a. Bifactor, Single Factor and Three Independent Factor Model Analysis - Half 

dataset 

 

Measure of fit Bifactor model Single global factor model Three orthogonal factor model 

CFI 0.956 0.484 0.921 

TLI 0.938 0.398 0.908 

RMSEA 0.083 0.257 0.101 

90% CI 0.073, 0.092 0.249, 0.266 0.092, 0.109 

SRMR 0.094 0.210 0.206 
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Table 3b. Bifactor, Single Factor and Three Independent Factor Model Analysis - Full 

dataset 

 

Measure of fit Bifactor model Single global factor model Three orthogonal factor model 

CFI 0.971 0.530 0.925 

TLI 0.959 0.452 0.912 

RMSEA 0.068 0.248 0.099 

95% CI 0.061, 0.075 0.242, 0.253 0.093, 0.105 

SRMR 0.078 0.195 0.228 

 

3.3.3 Stage 3: External Aspects of Validity  

In the final stage, we examined the external aspect of validity (i.e., discriminant and 

criterion relevance) for scores derived using the final, 15-item version of the PFS through 

correlational analysis (Pearson and Spearman correlations).   

Method 

To examine the external aspect of validity, PFS scores were correlated with constructs that 

have been previously linked (both positively and negatively) to flow. These constructs included 

cognitive state anxiety and pressure / tension (e.g., Llorens & Salanova, 2017; Peifer, 2012; Sadlo, 

2016), perceived competence (e.g., Schuler & Brandstatter, 2013; Valenzuela, 2018), performance 

(e.g., Csikszentmihalyi et al., 2018; Flett, 2015; Moran, 2012), and autotelic personality (Baumann, 

2012; Jackson & Csikszentmihalyi, 1999; Tse et al., 2020). Additionally, the closest (dimensional 

similarity) existing flow scale was also included to evaluate scale redundancy. Evidence for the 

generalisability aspect of validity (i.e., across activities) was considered inherent within the dataset 

because participants carried out a wide variety of activities (see Results). As part of our broader 

assessment of the external aspect of validity, common criticisms of existing psychological 

measurements of flow (see Ellis et al., 2019; Engeser, 2012b; Jackman et al., 2017; Moneta, 2012; 

Swann et al., 2018) were also addressed through assessing a number of specific indicators of the 

flow experience. Specifically, participants were given direct questions (see ‘Measures’ below) 
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targeting self-reports of flow entry, frequency of perceived flow entry and exit within the same 

event (to account for multiple occurrences of flow, or not), flow intensity (to examine intra-

differences), and percentage of time in flow within the given event.  

Measures.  

Psychological Flow Scale (PFS). The ‘final’ PFS (for the purpose of this study, as 

confirmed during stage 1 and 2) consisted of 15 items, with five items for each of the three flow 

dimensions. Items 1-5 measure the dimension ‘absorption’. Items 6-10 measure the dimension 

‘effort-less control’. Items 11-15 measure the dimension ‘intrinsic reward’ (see S3, Figure 2). For a 

full list of items, see Table 2. Consistent with recommendations from Jackson and Marsh (1996), 

participants completed the PFS as soon as possible after finishing their activity—delayed responses 

were considered to result in distortion, accumulation of experiences, or biased responses based on 

other factors (i.e., event outcomes, performance results, or perceived feedback). Global flow scores 

were determined by averaging the 15-item scores. Subscale scores (i.e., absorption, effort-less 

control, intrinsic reward) were determined by averaging the 5-items in each subscale. 

 Perceived Anxiety. The Mental Readiness Form-3 (MRF-3; Krane, 1994) was utilised to 

understand participants’ perceived level of anxiety during the task in question. The MRF-3 

measures cognitive state anxiety and was developed as a shorter alternative to the Competitive 

State Anxiety Inventory-2 (CSAI-2; Martens, Burton, Vealey, Bump, & Smith, 1990). The measure 

involves one question, “Please rate how you felt during your chosen task/activity”, in which 

participants respond on a response scale from 1 (not worried) to 11 (very worried). 

Perceived Competence. The Intrinsic Motivation Inventory (IMI) is a multidimensional 

instrument intended to assess participants’ subjective experience related to a target activity. The 6-

item perceived competence subscale of the IMI (Ryan, 1982) was used in this study to understand 

participants’ perceived competence (e.g., “I think I am pretty good at this activity”). Responses 

were made on a response scale anchored at 1 (not at all true) and 7 (very true). Responses to all six 
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items were averaged to determine a score for further analyses. The internal consistency estimate for 

scores derived from this measure in this study was α = .881. 

Perceived Stress. The 5-item ‘pressure/tension’ subscale of the IMI (Ryan, 1982) was used 

to assess participants’ stress perceptions (e.g., “I felt very tense while doing this activity”). 

Responses were scored on the same 7-point response scale described in the previous section. 

Responses to all five items were averaged to determine a score for further analyses. The internal 

consistency estimate for scores derived from this measure in this study was α = .821. 

Self-Reported Performance. A single self-report item was used to examine perceived 

performance. Participants responded on a response scale ranging from 1 (very low performance) to 

11 (very high performance) to the item, “Please rate how you felt you performed in your chosen 

activity”.  

Autotelic Personality. The Autotelic Personality Scale (APQ; Tse et al., 2020) was used to 

measure autotelic disposition. The scale consists of 26 items including 7 sub-scales (curiosity, 

persistence, low-self-centeredness, intrinsic motivation, enjoyment and transformation of 

challenge, enjoyment and transformation of boredom, attentional control). Example items include 

“I am curious about the world” (curiosity), “I find it hard to choose where my attention goes” 

(attentional control), and “I am good at finishing projects” (persistence). Participants used on a 

response scale ranging from 1 (strongly disagree) to 7 (strongly agree). Responses to all 26 items 

were averaged to determine a composite score for further analyses (Tse et al., 2021). The internal 

consistency estimate for scores derived from this measure in this study was α = .842. 

Flow Short Scale (FSS). The FSS (Rheinberg et al., 2002) was used as it was deemed a 

common existing measure of flow that most closely resembled the PFS. Consistent with Kyriazos 

et al. (2018), only the first 10 items (out of 13)—which target the flow experience of ‘fluency of 

performance’ (e.g., “My thoughts/activities run fluidly and smoothly”) and ‘absorption’ (e.g., “I am 

completely lost in thought”)—were utilised as the remaining 3 questions target perceived 
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(outcome) importance. Responses were made on a scale ranging from 1 (not at all) to 7 (very 

much). Responses to all 10 items were averaged to determine a composite score for further 

analyses. The internal consistency estimate for scores derived from this measure in this study was α 

= .854. 

Activity Details. We used a single item to identify the activity the participant was referring 

to in their experience: "Please state the task/activity that you used to answer the above questions". 

A text area was made available for responses. A second single item was used to identify the 

duration of the activity: "Please state in minutes how long the task/activity lasted for". A small text 

area was made available for responses.  

Self-Report Flow Entry. Participants were instructed, “the questions above are designed to 

measure ‘flow’ experiences. Flow is described as ‘a total engagement in which nothing else 

matters, actions seem to flow effortlessly—simply participating in the act feels satisfying.’ Based 

on your experience and responses to the above items, do you think that you experienced ‘flow’ in 

your recent task/activity?" Participants were asked to respond, 'yes’, ‘no’, or ‘unsure', with the aim 

of providing a discrete measure of flow entry (see discussions around flow being a discrete and 

continuous construct; Norsworthy et al., 2021; Peifer & Engeser, 2021). If participants answered 

‘no’ to this item, they were not asked to complete the following items.  

Flow Duration. Participants reported the percentage of time they felt that they were in flow 

within the given activity using the item, “What percentage of the time were you in flow in relation 

to the total time (length) of the activity?” A percentage score was designated for responses.  

Flow Frequency and Intensity. To determine flow frequency, participants were asked, 

“was the flow experience a single experience or did you experience it or enter and exit it on 

multiple occasions within the activity?” Ordinal responses (‘just once’, ‘on two or three occasions’, 

‘multiple occasions’) were presented. Subsequently, participants reported their perceptions 

regarding the intensity of the flow experience by responding to the question, “Referring back to the 
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experience of flow, how strongly did you experience flow?” A response scale was provided that 

ranged from 1 (very weak) to 7 (very strong). See S3, Table 8. 

Results 

Activity Details. Participants engaged in over 100 unique activities, including physical 

exercise, running, cooking, golf, music practice, drawing, jigsaw puzzles, email responding, 

gaming, studying, cycling, fitness work out, housework, aerobics, tennis, work meeting, yoga, 

knitting, canoeing, researching, exams, carpentry, and work-related tasks. Activities ranged from 6 

minutes in length to 4 hours. 

Correlates. To assess the external aspect of validity and examine the relationship between 

PFS scores and the above measures, descriptive statistics and a series of correlation coefficients 

were computed with the full dataset (n = 913) using IBM SPSS. See Table 4 for detailed statistics. 

Perceived anxiety (M = 2.49, SD = 1.92) scores correlated negatively and significantly with global 

PFS scores (r = -.343, p <.01) and the PFS subscale scores for absorption (r = -.077, p <.05), effort-

less control (r = -.392, p <.01), and intrinsic reward (r = -.301, p <.01). Perceived competence (M = 

5.66, SD = 1.04) scores correlated positively and significantly with global PFS scores (r = .494, p 

<.01) and the PFS subscale scores for absorption (r = .234, p <.01), effort-less control (r = .581, p 

<.01), and intrinsic reward (r = .315, p<.01). Perceived stress (M = 2.47, SD = 1.21) scores 

correlated negatively and significantly with global PFS scores (r = -.423, p <.01) and the PFS 

subscale scores for absorption (r = -.120, p <.01), effort-less control (r = -.488, p <.01), and 

intrinsic reward (r = -.346, p <.01). Self-reported performance (M = 5.47, SD = 1.09) scores 

correlated positively and significantly with global PFS scores (r = .488, p<.01) and the PFS 

subscale scores for absorption (r = .339 p <.01), effort-less control (r = .469, p <.01), and intrinsic 

reward (r = .308, p <.01). Autotelic personality (M = 4.81, SD = .63) correlated positively and 

significantly with global PFS scores (r = .390, p <.01) and the PFS subscale scores for absorption (r 

= .307 p <.01), effort-less control (r = .316, p <.01), and intrinsic reward (r = .215, p <.01). Flow 
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scores as measured by the FSS (M = 5.21, SD = .93) correlated positively and significantly with 

global PFS scores (r = .754, p <.01) and the PFS subscale scores for absorption (r = .578 p <.01), 

effort-less control (r = .599, p <.01), and intrinsic reward (r = .353, p <.01). Broadly, these 

correlation values demonstrate that the nomological network associated with PFS scores ‘operates’ 

in a way that is consistent with existing flow research, and provide preliminary evidence for the 

external aspect of validity for PFS scores. See S3, Table 9, 10, and 11, for detailed information. 

 

Table 4. Correlations for External Aspects of Validity  

Variable N Range M SD Global Flow Absorption Effortless Control Intrinsic Reward 

Perceived Anxiety 913 1 to 10 2.49 1.92 r = -.343, p<.01 r = -.077, p<.05 r = -.392, p<.01 r = -.301, p<.01 

Perceived Competence 913 1 to 7 5.66 1.04 r = .494, p<.01 r = .234, p<.01 r = .581, p<.01 r = .315, p<.01 

Perceived Stress 913 1 to 7 2.47 1.21 r = -.423, p<.01 r = -.120, p<.01 r = -.488, p<.01 r = -.346, p<.01 

Self-reported 

Performance 

913 1 to 7 5.47 1.09 r = .488, p<.01 r = .339, p<.01 r = .469, p<.01 r = .308, p<.01 

Autotelic Personality 913 2 to 7 4.81 0.63 r = .390, p<.01 r = .307, p<.01 r = .316, p<.01 r = .215, p<.01 

Flow Short Scale 913 1 to 7 5.21 0.93 r = .754, p<.01 r = .578, p<.01 r = .599, p<.01 r = .535, p<.01 

Flow Intensity 743 1 to 10 6.5 1.6 r = .526, p<.01 r = .404, p<.01 r = .353, p<.01 r = .373, p<.01 

Flow Duration 742 2 to 100 66.49 24.48 r = .368, p<.01 r = .291, p<.01 r = .273, p<.01 r = .230, p<.01 

 

The examination of general flow appraisals revealed that 71% (n = 678) of participants 

reported being in flow (i.e., flow entry), 18% (n = 164) reported not being in flow, and 11% (n = 

101) reported being unsure as to whether they were in flow or not (S3, Table 12 & 13). The 

percentage of time (flow duration) participants reported being in flow (M = 66.49%, SD = 24.48) 

was most commonly reported to be 80% of the time (n = 62; 6.8%), then 90% (n = 51; 5.6%), 70% 

(n = 43; 4.7%), 81% (n = 32; 3.5%), and 50% (n = 30; 3.3%). See S3, Table 14. Flow duration 

scores correlated positively and significantly with global PFS scores (r = .368, p <.01), and the PFS 

subscale scores for absorption (r = .291, p <.01), effort-less control (r = .273, p <.01), and intrinsic 

reward (r = .230, p <.01). The most frequently self-reported flow intensity score (M = 6.5; SD = 
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1.6) was 6 out of 10 (33%), then 8 (22%), and 5 (10%). See S3, Table 15, 16, 17 for a detailed 

report of intensity scores. Flow intensity scores correlated positively and significantly with global 

PFS scores (r = .526, p <.01), and the PFS subscale scores for absorption (r = .404, p <.01), effort-

less control (r = .353, p <.01), and intrinsic reward (r = .373, p <.01). Flow frequency (within the 

single event) was most frequently reported to occur just once (n = 279; 30.6%) within the activity 

or two or three times (n = 278; 30.4%), and then on multiple occasions (n = 192; 21%); 164 

participants did not report on ‘flow frequency’ as they had previously considered themselves not to 

be in flow during the activity (see S3, Table 16 & 18). For the interested reader, a positive and 

significant correlation was evident between the percentage of time participants self-reported to be 

in flow and self-reported intensity of flow (r = .473, p<.01). See S3, Table 17. Taken together, 

these correlations with global and subscale PFS scores—derived using simple, naturalistic 

assessments of flow characteristics—offer evidence that the PFS (and its dimensions) may provide 

insight into important elements of one’s overall flow experience in a given activity.    

3.4 Discussion 

In response to recent critiques of the flow literature (e.g., Peifer & Engeser, 2021; Swann et 

al., 2018), Norsworthy and colleagues (2021) conducted a scoping review and identified three key 

‘flow experience’ themes (i.e., absorption, effort-less control, and intrinsic reward) that exist across 

scientific disciplines and domains. Through examining every available flow measurement 

instrument (across domains and disciplines), it was clear that no instrument exists to adequately 

measure those three dimensions of the flow experience. Although the area is replete with 

measurement instruments, the existing psychological measures showed substantiative issues such 

as confounding antecedents into the experience measure and not directly measuring the 

effortlessness associated with high degrees of control that specifically delineates (and not conflates) 

flow from other similar states (such as clutch states, for example). The purpose of this study, 

therefore, was to develop and provide preliminary evidence of reliability and validity for, a new 
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psychological flow scale (PFS). Overall, our findings offered insight into Messick’s (1995) content, 

substantive, structural, and external aspects of validity regarding the PFS, and support for the 

continued use (across domains) of the PFS as a psychological measure of flow in English speaking 

adults.  

Advancing the Measurement of Flow 

The PFS advances our measurement of flow by targeting the core experiential dimensions 

of the construct, rather than conflating flow antecedents, pre-conditions, or outcomes (which are 

included in many existing measures) with the experience of flow itself. Further, the PFS is intended 

to be used in a domain-general sense and as a result does not rely on domain-specific (e.g., 

telepresence in computing) descriptions that may not generalise across scientific disciplines, 

domains or nuanced experiential descriptions. We also presented evidence, derived through a 

confirmatory bi-factor model analysis, to show that flow may be operationalised using the PFS with 

a higher-order latent global factor alongside the three dimensions incorporated within the 

instrument. These results may lend support to the notion that an attempt to model the flow 

experience as a whole—alongside or perhaps, in some cases, instead of the three sub-dimensions—

may be valuable for informing our understanding of the construct and how it operates (see 

Norsworthy et al., 2021). In terms of applicability, the PFS utilises dimensions (factors) that are 

psychological terms but also relevant and measurable in neighbouring scientific disciplines, 

allowing future research across disciplines to become comparable—enabling the opportunity to 

synthesise future research more accurately across disciplines to further advance our understanding 

of flow. Finally, in outlining the instructions for the PFS, we attempted to bring some clarity to 

flow measurement by asking participants to report on the most intense experience in the given 

event—reducing interpretive ambiguity as to whether responses to flow items represent a conflated 

amalgamation (averaged or summed) of multiple experiences into a single reported experience (see 

Moneta, 2012; Swann et al., 2018).  
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External Validity 

Findings revealed preliminary evidence for the nomological network associated with PFS 

scores, and in doing so revealed support for the ‘external aspect’ of validity (Messick, 1995). More 

specifically, global and dimensional PFS scores were negatively correlated with perceived anxiety 

and stress, and positively correlated with perceived competence, self-rated performance, and 

autotelic personality. It is important to caution against making any causal inferences regarding 

these associations; nonetheless, they are consistent (in a directional sense) with theory and research 

that identify flow as a buffer to anxiety and stress (also see Waples & Knight, 2017; Llorens & 

Salanova, 2017; Peifer et al., 2014; & Sadlo, 2016), and facilitator of positive development and 

high functioning (also see Flett, 2015; Klasen et al., 2012; Norsworthy et al., 2017; Norsworthy et 

al., 2021, & Swann et al., 2017). A past criticism of flow measurement instruments (e.g., FSS-2) 

has been that flow measures often conflate neighbouring constructs, such as clutch states (Swann et 

al., 2017). Although further discriminant validity testing is required with a range of neighbouring 

states, the PFS theoretically delineates the measurement of flow from other constructs. By 

specifically measuring the effortlessness of control, for example, this measure delineates a clutch 

experience from this measure.   

One criticism of existing flow measurement (e.g., using the FSS-2 and FSS) is that, despite 

there being no ‘threshold’ explicitly recommended by those who developed the instruments, flow is 

often assumed to be ‘present’ when scores are above a midpoint (see Jackman et al., 2017). 

Participants in this study who reported that they had experienced flow (reporting ‘Yes’ from a 

‘Yes’, ‘No’ or ‘Unsure’ response option) scored higher on total PFS scores (M = 5.75; out of 7) 

than those who reported they were unsure (M = 5.04) or had not experienced flow (M = 4.50); all of 

these mean flow scores exceeded the midpoint (3.5). On the assumption that flow has an entry 

point (differentiating it from other immersive or automatic states) and also varies by intensity 

(accounting for mild and intense flow experiences; see Norsworthy et al., 2021), it therefore 
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appears important to caution against ‘assuming’ flow occurs when scores reach or exceed a scale 

midpoint.  

On the topic of flow ‘intensity’, it is worth highlighting that in this study self-reported flow 

intensity scores significantly positively correlated with PFS scores. As such, it is reasonable to 

conclude that PFS scores may align with self-reported intensities of simple descriptions of flow, 

and that higher PFS scores may indicate higher self-reported flow intensity. Additionally, flow 

intensity also correlated positively with the percentage of time that participants self-reported to be 

in flow, and their global PFS scores, indicating that higher intensities of flow may take time to 

develop (i.e., a flow experience may progressively grow in intensity, rather than instantly occur at a 

‘deep’ level). This proposition would be consistent with the hypothesis that flow occurs through a 

depleting ‘onion-peeling’ effect of higher cognitive processes, which results in progressive 

absorption and greater reduction in felt effort (see Norsworthy et al, 2021; Sadlo, 2016; Ulrich et 

al., 2016).  

3.5 Limitations 

In this investigation, we tested the PFS with adults who were resident in multiple English 

speaking countries and who performed an array of focal activities. It is necessary to highlight, 

though, that instrument validation is an iterative process and that our results provide only 

preliminary insight into the development and use of the PFS in this field. With that in mind, we 

encourage researchers to expand the evidence base for or against the use of the PFS by examining 

validity and reliability properties in different cultures and languages, in adult and youth samples, 

within and between focal activities, and on multiple occasions within individuals. We derived 

insight using a cross-sectional approach; longitudinal studies, therefore, could be used to evaluate 

within-person variability or stability in PFS scores (and relations with correlate variables). Further, 

we advise researchers continue to examine participants’ perception to flow entry (and exit), 

frequency, occurrence within a given event, and duration alongside the PFS to help advance our 
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understanding of flow. In addition, although our purpose was to develop a psychological flow 

scale, it would also be worthwhile—in light of emerging psychophysiological work in this area—

for researchers to examine key (measurable) physiological or neuroscientific markers of flow 

alongside insight derived through instruments such as the PFS (see, for example, Norsworthy et al., 

2021; Peifer & Tan, 2021).  

3.6 Conclusion 

The Psychological Flow Scale (PFS) is a relatively brief instrument that assesses three 

related dimensions (i.e., absorption, effortless-control, intrinsic reward) that are proposed to 

characterise the flow experience across different domains and contexts. This instrument is an 

important advancement for the field of flow science because (a) it may enable valuable cross-

disciplinary comparisons to be made in future work, (b) it is based upon the findings of a recent 

synthesis that aimed to provide a parsimonious understanding of the construct, (c) it removes what 

researchers believe to be the ‘antecedents’ (or operational factors) from measuring the experience 

of flow, and (d) addresses issues of construct conflation (although further discriminant validity 

testing is required) with similar states (e.g., clutch states). In addition, evidence derived from a 

bifactor model in this investigation offers preliminary support for a higher-order flow construct that 

addresses recent conceptual and measurement criticisms of flow. We encourage sustained efforts 

focused on developing the PFS and demonstrating its applicability and correlates across 

populations and activities. As well as advancing our measurement and understanding of people’s 

flow experiences, we also hope the PFS will offer practical value for researchers and intervention 

designers in terms of quantifying our efforts to improve people’s experiences (and to ‘find flow’) in 

diverse activities.  
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Chapter 4: Flow Training: feasibility trial and preliminary efficacy of a domain-general 

educational intervention on flow 

4.1 Abstract 

Despite there being an increasing number of applied flow studies across scientific 

disciplines, there exists no consistent or broadly applicable intervention to promote flow 

experiences. This study provides a detailed account of a new educational flow training program 

developed following recent advancements in the flow literature that have provided a more 

parsimonious understanding of flow experiences and antecedents. Guided by CONSORT guidelines 

for feasibility trials, we conducted a single-group, non-randomized feasibility trial of an educational 

flow training program. We assessed participant retention, perceptions about and experiences of the 

program, perceptions about the flow education training, and preliminary assessments of flow and 

relevant outcomes. Results broadly supported program feasibility, and participants reported positive 

experiences in, and perceptions of, program components. In terms of preliminary efficacy, we 

observed evidence of noteworthy change pre-to-post-program in flow (d = .84) and its dimensions 

(absorption, d = .71; effort-less control, d = .83; intrinsic reward, d = .54), performance (d = .81), 

competence (d = .96), well-being (d = .68), intrinsic motivation (d = .72), choice (d = 38), stress (d 

= -1.08), ability to handle stress (d = 74), and anxiety (d = -.86). These results provide preliminary 

evidence that it may be possible to ‘train’ flow in line with recent perspectives on the flow 

experience (and antecedents), and offer a foundation for the implementation of a larger-scale 

program.  

4.2 Introduction 

Following Csikszentmihalyi’s (1975) seminal work on flow, the flow state has emerged as a 

dominant theme in positive psychology (Seligman, 2012), producing a wealth of literature showing 

that flow is an optimal psychological state (e.g., Peifer & Engeser, 2021) characterised by an 

absorption and effortlessness to one’s subjective experience (Csikszentmihalyi, 2014). Flow is 
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described as a valued, memorable, and highly positive experience positioned at an intersection 

between peak performance and peak experience (Jackson & Csikszentmihalyi, 1999; 

Csikszentmihalyi, 2014), and has been repeatedly linked with elevated performance (e.g., Flett, 

2015, Jackson & Roberts, 1992) and well-being (Haworth,1993). As a result of propositions that 

flow can be controllable (72%) and restorable (81%; Swann et al., 2012)—there appears to be 

significant interest among researchers and applied practitioners with respect to methods for 

promoting or ‘training’ flow (also see Goddard et al., 2021).  

Flow has been most frequently conceptualised using Csikszentmihalyi’s nine-dimensional 

model (see Jackson & Csikszentmihalyi, 1999), which outlines nine common descriptors of the 

flow experience—three of which have later been referred to as dimensions that better reflect pre-

conditions (i.e., antecedents; challenge-skill balance, clear goals, unambiguous feedback) to flow 

(Nakamura & Csikszentmihalyi, 2009). More recently, in an attempt to overcome ongoing debate 

regarding construct validity, conflation of antecedents and experiential dimensions, and relational 

ambiguity within the nine-dimensional model (e.g., Boyd et al., 2018, Engeser & Schiepe-Tiska, 

2012; Heutte et al., 2016), Norsworthy et al. (2021) conducted a scoping review encompassing over 

230 flow-related works spanning psychology, physiology, and neuroscience (and other disciplines). 

Based on the findings of review sources, Norsworthy and colleagues presented a parsimonious, 

domain-general model of flow, which included two common antecedents (i.e., optimal challenge, 

high motivation) and three core experiential dimensions to flow (i.e., absorption, effort-less control, 

intrinsic reward). In Norsworthy et al.’s review, the authors also observed a trend for researchers to 

utilise a multitude of (over 140) markers and measurement instruments to measure flow that, in 

sum, contributed to difficulties when attempting to synthesise findings and approaches. Grounded in 

these findings, Norsworthy et al. (2021b) more recently provided preliminary evidence for the 

theoretical and operational suitability of a domain-general Psychological Flow Scale (PFS) that 
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measures a global latent flow factor and sub-dimensions of ‘absorption’, ‘effort-less control’, and 

‘intrinsic reward’.  

With regards to intervention-based flow research, Norsworthy et al. (2021) reported that 

applied flow studies were most prominent in psychological, neuroscientific, psychophysiological 

and computing disciplines, with the most frequently used samples being students, athletes, gamers, 

and the general population. In terms of intervention context, Norsworthy and colleagues reported 

that manipulating challenge level during a computer game scenario was the most widely deployed 

intervention (most likely due to the control afforded and the capacity to include physiological 

measures during performance), followed by manipulating flow antecedents within competitive sport 

matches, maths activities, and educational tasks. When not manipulating the context to be more or 

less challenging or motivating, psychological interventions (primarily in the context of sport) 

targeting arousal regulation, goal setting, self-talk, and visualisation (e.g., Nicholls et al., 2005; Pain 

et al., 2011; Pates et al., 2012; Koehn et al., 2014) have yielded mixed results. Other interventions 

using hypnosis among cyclists (Lindsay et al., 2005) and golfers (Pates & Cowan, 2013), imagery 

combined with music in soccer players (Pain et al., 2011), a flow education program for elite 

climbers (Norsworthy et al., 2017), and mindfulness among athletes (Aherne et al., 2011), have 

demonstrated positive results (i.e., the capacity to improve flow experiences among participants). 

Importantly, the vast majority of these studies have been resource intensive (e.g., requiring in-

person training with small groups) and/or specifically designed to meet the demands of the specific 

focal domain, making them difficult to scale or transfer across domains. In addition, and more 

importantly, none of the above-mentioned studies have benefited from being informed by the most 

recent developments in our understanding of what might be considered the most common 

contributors to, and elements of, the flow experience (see Norsworthy et al., 2021). In summary, 

therefore, although several intervention studies have demonstrated the capacity to ‘train’ flow 
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experiences (in different ways), there exists no consistent or widely-used intervention for this 

purpose that is informed by recent developments in the flow literature (Goddard et al., 2021). 

A consistent recommendation for applied flow research is to separate flow (and the training 

thereof) from other similar states or outcomes such as clutch states, peak performance, play, or peak 

experiences (Harmison & Casto, 2012; Norsworthy et al., 2017b; Swann et al., 2017). Scholars have 

noted that flow is a commonly misunderstood concept (Hytönen-Ng, 2016). Whilst flow is often 

positively correlated with high performance (e.g., Flett, 2015)—possibly due to shared descriptors 

such as high concentration, clear goals, unambiguous feedback, and a high sense of control 

(Jackson & Csikszentmihalyi, 1999)—‘high performance’ strategies do not always promote all 

experiential descriptors of flow, such as a loss of self-consciousness or absorption (merging of 

action and awareness, e.g., Norsworthy et al., 2017b). Therefore, although aspects of flow training 

may overlap with peak performance training, a ‘sensitive’ approach to manipulating flow would 

likely not be identical (in terms of content) to peak performance interventions. In that vein, Lindsay 

et al. (2005) recommended the inclusion of flow-related cognitive education (or restructuring) in 

flow interventions to ensure that the construct or experience (and ensuing training) is understood 

and able to be targeted appropriately. Similarly, Norsworthy et al. (2017) recommended that 

education-based flow interventions should be pursued due to the positive results reported from the 

educational component of their flow training program, and the practical benefits of such approaches 

(e.g., suitability for widespread dissemination) (see also recommendations by Swann et al., 2012).   

The Present Study 

The broad aim of this study was to develop and evaluate the feasibility of an educational 

flow training program that specifically targeted the two antecedents (i.e., optimal challenge, high 

motivation) and three experiential dimensions (i.e., absorption, effort-less control, intrinsic reward) 

of flow documented by Norsworthy and colleagues (2021). Feasibility trials are designed to provide 

insight into the content, delivery, and optimisation of interventions or services, and are considered a 
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necessary first stage in program development (Eldridge et al., 2016). Feasibility studies typically 

include the assessment of participant retention, perceptions about the training components and 

program as a whole, experiences of the program, and perceptions of program effectiveness (Arain et 

al., 2010), and provide researchers with insight that supports the implementation of a larger-scale 

experimental program to examine causality. In addition to understanding these fidelity and delivery 

issues, we also aimed to provide insight into the preliminary efficacy (i.e., likely effectiveness in 

future powered trials) of the newly developed flow training program. The aims of this study, 

therefore, were to (a) establish evidence for (or against) the feasibility of this flow training program, 

and (b) obtain preliminary insight into the potential outcomes of the training. Accordingly, we 

assessed participant retention, training delivery, intervention component effectiveness, participant 

feedback, and outcomes associated with the intervention. For the sake of preliminary efficacy 

assessment, outcomes included flow scores, self-rated performance, well-being, stress, anxiety, 

intrinsic motivation, perceived competence, choice/autonomy, challenge approach, curiosity, desire 

to learn, enjoyment, ability to self-generate the antecedents to flow, and the ability to self-generate 

the experience of flow.  

4.3 Method 

This study is reported in line with Consolidated Standards of Reporting Trials (CONSORT) 

guidelines extension for randomized pilot and feasibility trials (Eldridge et al., 2016).  

Participants 

            This feasibility study included 26 participants from Perth, Australia—a small enough group 

to examine qualitative reports but large enough to make quantitative results meaningful. 

Participants were recruited through university sports and performing arts clubs via email 

communication to the head coach or teacher, and Facebook adverts to targeted individuals. 

Inclusion criteria included no (or little) prior experience of flow education, a level of competence in 

one’s focal activity (to ensure skill acquisition did not disrupt the activity experience), and a 



 135 

minimum age of 18 years. Participants were provided with an information letter outlining their 

rights as a participant and provided their informed consent prior to study commencement.  

Procedure 

The Human Research Ethics Committee at the first author’s institution provided ethical 

approval for this study (RA/4/20/6092). A single intervention group trial was adopted, which is 

standard practice for non-randomized feasibility studies (Eldridge et al., 2016). Participants enrolled 

in the program through email communication with the lead researcher. Participants were asked to 

pick a single activity (i.e., sport or work task) to perform and practice their training on throughout 

the study, and to refer to when responding to assessments. A three-hour workshop on flow was 

delivered separately to two groups—one remotely (n = 5; via Zoom) and another in-person (n = 29; 

on campus). In both settings, the first author presented the training program (see ‘program details’ 

below) and the workshop was structured using PowerPoint slides. In-person training followed 

COVID-19 safety procedures based on local government recommendations and Safe Work 

Australia’s Covid-19 resource kit. Following the workshop (i.e., two- and four-days after the 

workshop), two 1-hour follow-up question-and-answer sessions were conducted over zoom—a 

recording of the webinar was sent to participants (25% on average) unable to attend. Participants 

completed measures pre-intervention (i.e., in the days leading up to the intervention), post-training 

(i.e., within two days of the 3-hour workshop) and post-intervention (i.e., 10 days after the initial 

workshop, which was also 4 days after the two 1-hour follow up sessions) to assess their 

expectations, activity experience, intervention adherence, perceptions about the intervention, 

fidelity, and outcomes (Boot et al., 2013). An additional post-training survey was completed within 

24 hours of the initial 3-hour workshop to specifically assess workshop-related perceptions. All 

measures were collected online via Qualtrics and each survey took up to 15 minutes to complete. 

Once exported, all data were kept securely on the first author’s personal computer. Participants 

were sent one group email and one personal reminder email to complete each survey.  
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Intervention description. The flow workshop was split into four sections—flow concept, 

flow antecedents, experiential dimensions, and practical tips from prior applied flow training 

studies. The intervention focused on an education of flow (targeting improving an individual’s 

metacognition surrounding flow and personal ability to self-lead and self-regulate towards flow) 

unspecific to a specific domain as flow has been researched to be consistent across domains. 

In section one, material and discussion on the concept of flow (approximately 40 minutes) 

included an initial identification of the day-to-day variability of personal experience, including a 

practical (breath-holding) activity to invoke an immediate stress response and highlight shifts in 

one’s subjective experience. Additionally, the experience of flow was then described through 

outlining anecdotal (e.g., quotations about) flow experiences, outlining the outcomes associated 

with flow, detailing the experiential dimensions of flow (absorption, effort-less control, intrinsic 

reward) as outlined by Norsworthy et al. (2021), and a final discussion on personal flow 

experiences thought to be experienced by the participants.  

In section two, the antecedents to flow and their sub-themes (as outlined by Norsworthy et 

al., 2021) were then described, were practically demonstrated (and experienced) through the use of 

manipulating a challenging task (see below), and then discussed in small groups for practical 

relevance (approximately 40 minutes). Aspects relating an ‘optimal level of challenge’ (antecedent), 

for example, and the importance of ‘clear task goals’, ‘immediate and unambiguous feedback’, and 

‘building self-efficacy’ (sub-themes), were first described, then experienced by manipulating the 

clarity of task goals, feedback, and challenge levels during a game involving keeping an increasing 

number of balloons in the air (both individually and in a group) using any body part. Aspects of a 

‘high motivation’ were discussed within the group and between participants, outlining how high 

motivation has occurred for participants in the past and an overview of how intrinsic motivation, 

extrinsic motivation, interest, subjective value, and the importance placed on the task can affect 

motivational force. The experience of changing the level of difficulty and motivational force was 
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then discussed in teams of two or three in which each individual shared examples of how the 

learning could be practically relevant to their personal activity. Participants were then asked to 

reflect on these antecedents and how they relate their current mindset that they typically applied to 

their chosen activity and whether their current mindset was conducive to flow or not.  

In section three, participants were given practical tips to target the core experiential flow 

dimensions of ‘absorption’ and ‘effort-less control’ (approximately 40 minutes). The dimension 

‘absorption’ was initially detailed and then targeted through practicing sustained attention on an 

easy-to-achieve task, and managing attention (visually and cognitively) when distractions occurred 

(also see Aherne et al., 2011; Cathcart et al., 2014); the logic being that managing attention towards 

more relevant information (of the task) positively impacts decision-making, the ability to accurately 

manage an ‘optimal challenge’ level, and self-efficacy (Pineau et al., 2014). ‘Effort-less control’ 

was then described and targeted through practising movement in a more effortless manner (than 

normal) during a challenging task; the logic being that through increased awareness (of moving 

effortlessly), we learn to self-regulate cognitive and physiological processes towards this end 

(Gardner & Moore, 2007). ‘Intrinsic reward’ was then described and targeted through practising 

being attracted to the task (i.e., positive valence) and increasing arousal levels to be optimally 

aroused. 

Lastly, section four of the workshop included helping participants integrate flow into their 

chosen activities for the study (approximately 40 minutes). This section included a brief overview 

of practical recommendations from previous applied flow studies (e.g., not to make flow a 

continuous conscious outcome during task engagement, not to inhibit confidence by engaging in 

over challenging situations, increasing extrinsic motivations only, confusing effortlessness with 

laziness or passiveness; Csikszentmihalyi, 1975; Norsworthy et al., 2017), the recording of key 

personal takeaways on a single page that also included a summary of the training content, and the 

development of a personal action list for the participant to integrate into the preparation period of 
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their upcoming activity sessions. The two question-and-answer sessions involved participants 

questioning points of clarity for aspects of the training, reconciling domain-specific examples of 

practical integration, and the exploration of successes and failures.  

Assessment of Intervention Feasibility 

Activity Competence. The pre-intervention survey (baseline) included seven items to 

assess participants’ activity competence level (e.g., "Please indicate your skill level for your 

activity", with responses labelled, beginner, intermediate, advanced, amateur professional, 

professional), activity efficacy (e.g., "Do you feel you have the fundamental skills to perform in 

your activity?"), the extent of any previous mental skills training (i.e., "Have you received any prior 

mental skills training?"), the extent of any previous flow training (e.g., "Have you received any 

training on flow before?"), and whether any technical changes may interfere with the training (e.g., 

"Are you currently making many (or significant) changes in how you technically perform in your 

activity?"). All items were scored on a 7-point response scale ranging from 1 (none/not at all) to 7 

(extensive/absolutely). See S4, Table 1 & 2 for item details. 

Participant Condition. The pre-intervention survey included four items examining the 

participants’ current state of application towards their activity (e.g., "Do you believe mental skills 

training can make a difference to your engagement in the activity?") and motivation levels (e.g., 

"Are you currently motivated to engage in your activity?"). All items were scored on a 7-point 

response scale ranging from 1 (not at all) to 7 (absolutely). See S4, Table 3 for item details. 

Workshop Perceptions. In the post-workshop survey, participants completed a 9-item 

questionnaire (not based on validated scales) assessing their perceptions regarding the workshop—

three items assessed training fidelity (e.g., "The training was carried out and delivered 

professionally"), three items assessed the perceived usefulness of the training (e.g., "I felt the 

training was valuable"), and three items assessed participant engagement (e.g., " I was able to 

engage in the training to the best of my ability ").  All the above 9 items were scored on a 7-point 
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response scale ranging from 1 (not at all true) to 7 (very true), with higher scores corresponding to 

more positive evaluations (See S4, Table 4).  

Perceptions of Program Components. Post the program (i.e., 10 days following workshop 

participation), participants were presented with a questionnaire focused on their perceptions 

regarding the usefulness of the training components. This included questions regarding the 

usefulness of (a) understanding the concept of flow; (b) how to target the antecedents to flow; (c) 

how to target the experience of flow; (d) how to integrate the training into their specific activity; 

and (e) the question-and-answer sessions. All items were scored on a 7-point response scale ranging 

from 1 (not at all true) to 7 (very true), with higher scores corresponding to more positive 

evaluations (See S4, Table 5 & 6). In addition to pre-intervention measures, participants were asked 

whether the training had an impact on the belief that mental skills training can make a difference to 

activity engagement (e.g., "Do you believe mental skills training can make a difference to your 

engagement?"), and the belief that the flow training will make a big difference (e.g., "Do you 

believe this flow training will make a big difference?"). Lastly 3-items explored intervention 

improvements (e.g., "What would you change about the training? Please be specific.”). Participants 

were given a text field to write their answers (See S4, Table 7, 8, & 9). 

Assessment of Preliminary Efficacy 

Flow Scores. The Psychological Flow Scale (PFS; Norsworthy et al., 2021b) was chosen to 

measure flow because it targets the core experiential dimensions of flow (i.e., the three dimensions) 

which are not domain specific or dependent on nuanced experiential descriptions that are commonly 

measured but not always apparent (e.g., time transformation). Further, it does not conflate 

antecedents or pre-conditions within the measurement, utilises accessible language and dimensional 

definitions that can be comparable across domains and scientific disciplines, and measures a 

parsimonious core experience of flow. Accordingly, participants were given the PFS pre- and post-

intervention to measure flow. The scale consists of 15 items, with five items for each of the three 
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flow dimensions (absorption, effort-less control, intrinsic reward). Norsworthy et al. (2021b) 

reported reliability scores for the global factor (.895) and subscales (absorption = .928; effort-less 

control = .875; intrinsic reward = .937) and found preliminary support (through bi-factor modelling) 

for a domain-general measure of flow. All items were scored on a 7-point response scale ranging 

from 1 (strongly disagree) to 7 (strongly agree). Global flow scores were determined using an 

average of all 15 items. Subscale scores (i.e., absorption, effort-less control, intrinsic reward) were 

determined by averaging responses to the five items in each subscale. Participants completed the 

scale based on their most intense experience, whilst participating in their last three activity sessions 

(inherent within the PFS questioning). Focusing on a specific experience (as opposed to an 

aggregated overview of multiple events or aggregated overview of experiences within a single 

event) was deemed important to ensure answers did not conflate multiple experiences. Participants 

were encouraged to answer the PFS questionnaire as soon as possible after the last activity. 

General Program Outcomes. Participants were asked to report (at 10 days after workshop) 

on six different general outcomes. Specifically, whether the training was effective in improving 

their ability to (a) increase the intensity of flow states, (b) increase the frequency of flow states, (c) 

feel more confident that they have the necessary skills to find flow in their activity, (d) feel more 

confident in becoming highly focused and absorbed into their activity, (e) feel more confident to 

feel an effortless sense of control in their activity, and (f) feel more confident to enjoy their activity 

(See S4, Table 8). Participants were also asked direct single-item questions on whether the program 

reduced stress (e.g., "The training reduced my stress in daily life beyond my activity"), improved 

confidence in handling stressful situations (e.g., "The training helped me feel more confident in 

handling stressful situations?"), improved performance (e.g., "The training helped improve my 

performance"), improved ability to enjoy their activity (e.g., "The training helped me enjoy my 

activity more"), could be applied to their activity (e.g., "I feel that flow training can be applied to 

my activity"), and improved confidence in performance (e.g., "The training helped me feel more 
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confident in my performance”). All items were scored on a 7-point response scale ranging from 1 

(not at all true) to 7 (very true), with higher scores corresponding to more positive evaluations. See 

S4, Table 10 for item details. Participants were also (qualitatively) asked to describe the most 

effective aspects of the program, the most ineffective aspects of the program, list of training benefits, 

and whether the training simply made them more aware of flow or actually made a difference to 

finding flow more frequently or intensely (See S4, Table 11, 12, 13 & 14). In addition to the PFS, 

participants were given direct questions (pre- and post-intervention) targeting flow experience 

characteristics (entry, duration, occurrence, intensity; see S5).  

Flow ‘Outcomes’. Participants were asked pre- and post-intervention to report self-rated 

performance, well-being, intrinsic motivation, choice, competence, and stress. To examine self-

rated performance scores, a single self-report item was used to examine perceived performance. 

Participants responded on a response scale from 1 (very low performance) to 11 (very high 

performance) to the item, “Please rate how you felt you performed in your chosen activity”. To 

assess well-being, the WHO-5 scale (see Topp et al., 2015) was utilised, which consists of 5 items 

(e.g., "I have felt active and vigorous") scored on a response scale from 1 (at no time) to 7 (all of the 

time). All 5 items were summed (as recommended) to determine a well-being score. The 

multidimensional 22-item Intrinsic Motivation Inventory (IMI; Ryan, 1982) was used to measure 

choice (autonomy; e.g., "I felt that it was my choice to do the task"), intrinsic motivation (e.g., "I 

found the task very interesting"), competence (e.g., "I think I am pretty good at this task"), and 

stress (pressure/tension; e.g., "I felt tense while doing the task"). Items from each subscale were 

averaged to determine subscale scores. Single-item measures were used to examine participants' 

self-reported ability to handle stress (e.g., "I felt capable of handling stress"), felt stress (e.g., "I felt 

very stressed"), levels of anxiety (e.g., "I felt anxious / worried"), ability to meet challenges (e.g., "I 

felt that I could meet the challenge"), ability to feel excited about the challenge (e.g., "I felt excited 

about the challenge"), motivation levels (e.g., "I am very motivated to play"), desire to learn and 
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grow (e.g., "My desire to learn and grow as an athlete was very high"), and a sense of curiosity 

towards the performance (e.g., "I perceived my performance with curiosity"). Responses were 

provided using a response scale ranging from 1 (not at all true) to 7 (very true). 

Data Analysis 

Data were initially screened for missing values. The few (<3%) missing data items (existing 

in single-item measures only) were not replaced. Descriptive data were generated to illustrate 

aspects of recruitment, participant perspectives, and certain post-intervention responses to the 

preliminary assessments of outcomes that were not measured pre-intervention. To examine change 

in outcome variables from pre-to-post-intervention (given that studies of this nature are not 

designed based on power or necessary sample size estimations), standardised effect sizes (Cohen’s 

d) were calculated to indicate the magnitude of any change across the program. For the interested 

reader, paired samples t-tests results are displayed. IBM SPSS (V27) were used for all quantitative 

analysis. To examine participants’ qualitative reports, the lead researcher visually inspected all 

responses to examine if thematic groupings were apparent.  

4.4 Results 

Recruitment  

            The CONSORT flow diagram (see Figure 4) details enrolment and intervention allocation 

rates. In summary, a total of 62 participants registered interest in the program, 44 participants were 

allocated to the intervention, and 26 participants completed all the required measures to complete 

the study—representing a program enrolment rate (i.e., interest to allocation) of 71%, a completion 

rate (i.e., allocation to completion) of 59%, and a conversion rate (i.e., interest to completion) of 

42%. The majority of participants who completed the initial free training but did not complete the 

measurement surveys indicated that they were "too busy" to fill out the forms. 
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Figure 4. Participant flow diagram (feasibility trial) 

 

Participants 

The 26 participants (5 male, 21 female) ranged between 18 and 51 years old (M = 34). 

Participants engaged in a range of activities for the study including dance training (n = 15), dance 

performances (n = 6), kitesurfing (n = 1), gym routines (n = 1), bicycle spin classes (n = 1), singing 

(n = 1), and barista activity (n = 1). A small number of these participants (n = 4) engaged in the 

program entirely online, whilst a larger group (n = 22) received in-person training.  

Feasibility components 
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Activity Competence. In total, 26 participants were deemed to have the necessary skills 

(although some self-reported as being beginners) to engage in their activity without technical 

interruptions (M = 3.00; SD  = 1.27) in their activity, had the fundamental skills to perform the 

activity (M = 5.04; SD = 1.77), felt moderately confident in their ability to perform in their activity 

(M = 4.96; SD = 1.37), felt moderately mentally strong in their activity (M = 4.50; SD = 1.32), and 

had minimal (or no) prior flow training experience (M = 1.12; SD =.44). See S4, Table 1 & 2. 

Participant Condition. Participants' existing application toward their activity was deemed 

not to be problematic to program engagement. Participants reported (pre-intervention) that they 

believed mental skills training could make a difference to their engagement (M = 5.80; SD = 1.53) 

and performance (M = 6.08; SD = 1.80) in their activity, were motivated to engage in their activity 

(M = 5.25; SD = 1.45), and moderately believed that flow training could make a big difference (M = 

5.40; SD = 1.15). See S4, Table 3. 

Workshop Perceptions. Post-workshop (initial 3-hour training) survey results indicated 

that fidelity of training scores were high (M = 6.34; SD = 1.15). On a 1-to-7 response scale, 

participants reported that the training was engaging (M = 6.00; SD = .98), understandable (M = 

6.38; SD = 1.87), and delivered professionally (M = 6.63; SD = .61). Usefulness of training scores 

were high (M = 5.98; SD = 1.04), with participants reporting that the training was practical (M = 

5.69; SD = 1.15), valuable (M = 6.16; SD = .92), and useful (M = 6.09; SD = 1.06). Participant 

engagement scores were high (M = 6.09; SD =1.07), with participants reporting that they were 

undistracted (M = 6.09; SD = .93), came to the training with an open mind that flow training could 

work (M = 6.13; SD = 1.31), and were able to engage to the best of their ability (M = 6.06; SD = 

.98). See S4, Table 4.  

Perceptions of Program Components. Post-intervention survey results indicated that the 

majority of participants reported the overall program was useful (M = 5.50; SD = 1.36). 

Specifically, the training on the flow concept (M = 5.58; SD = 1.47), targeting antecedents (M = 
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5.35; SD = 1.29), targeting experiential dimensions (M = 5.27; SD = 1.46), integrating the training 

into their activity (M = 5.15; SD = 1.38), and question and answer sessions (M = 5.31; SD = 1.59) 

were all considered helpful for increasing flow intensity. Participants were split when ranking 

which of the above components to be more or less helpful, though mean scores suggested that 

targeting the antecedents of flow was slightly (on average) more helpful (see S4, Table 9). 

Qualitative analysis indicated a wide variety of useful program components, with the most popular 

components being the idea of 'preparing the mindset’ to get into a flow state before commencing an 

activity, the opportunity to practice the flow skills in the workshop during a task, and the takeaway 

material (see S4, Table 7). In terms of training improvements, the largest reported theme was that 

“the training didn't require any changes”, whilst a number of participants asked for more time to 

engage in the practical tasks (See S4, Table 6 & 7).  

Assessment of Preliminary Efficacy 

Flow Scores. In examining the difference between pre- and post-intervention scores, global 

flow scores based on their activity experience (M pre = 4.66; M post = 5.55) scores increased by 

18.02% (d = .84, p = <.001), absorption scores (M pre = 4.56; M post = 5.46) increased by 19.74% 

(d = .71, p = <.01), effort-less control scores (M pre = 4.23; M post = 5.38) increased by 27.19% (d 

= .83, p = <.001), and intrinsic reward scores (M pre = 5.20; M post = 5.79) increased by 10.96% (d 

= .54, p = <.05). See Table 5 for detailed statistics. Cronbach alpha reliability estimates from PFS 

scores pre-intervention (n = 26) was .982, post-intervention (n = 26) was .968, and together as one 

dataset (n = 52; utilising data from both pre- and post-intervention scores) was .976.  

 



 

 

Table 5. Pre-to-post intervention scores for preliminary flow and outcome scores 

 95% Confidence Interval of 

the Difference 
Paired Sample T-Test Cohen’s 

 

 
M pre (SD)  M post (SD)  M diff (SD) % diff Lower Upper t df p d 

Flow (PFS) Measures 

Global Flow 4.66 (1.26) 5.55 (1.16) .89 (1.05) 18.02 .45 1.31 4.27 25 <.001 .84 

Absorption 4.56 (1.46) 5.46 (1.19) .9 (1.26) 19.74 .39 1.41 3.63 25 <.01 .71 

Effort-less Control 4.23 (1.33) 5.38 (1.13) 1.15 (1.39) 27.19 .59 1.72 4.23 25 <.001 .83 

Intrinsic Reward 5.20 (1.38) 5.79 (1.38) .57 (1.10) 10.96 .15 1.04 2.76 25 <.05 .54 

Outcomes (Using Scales) 

Performance 4.19 (1.44) 5.23 (.95) 1.04 (1.28) 24.82 .52 1.56 4.18 25 <.001 .81 

Well-being 88.15 (22.81) 101.85 (20.99) 13.69 (20.05) 15.53 5.59 21.79 3.48 25 <.01 .68 

Choice (Autonomy) 5.20 (1.1) 5.58 (1.29) .38 (1.02) 7.30 .03 .80 1.92 25 .066 .38 

Intrinsic Motivation 4.90 (1.28) 5.48 (1.13) .57 (.79) 11.63 .25 .89 3.69 25 <.01 .72 

Competence 4.32 (1.17) 5.22 (.90) .91 (.95) 21.06 .53 1.29 4.9 25 <.001 .96 

Stress 3.89 (1.23) 2.75 (1.10) -1.15 (1.053) -29.46 -1.57 -.72 -5.55 25 <.001 -1.08 

Self-reported Outcomes 

Ability to Handle Stress 4.19 (1.41) 5.23 (.91) 1.04 (1.40) 24.82 .47 1.6 3.78 25 <.01 .74 

Felt Stress 3.15 (1.77) 2.12 (1.45) -1.04 (1.90) 33.01 -1.81 -.27 -2.78 25 <.05 -.54 

Anxiety  3.54 (1.62) 2.00 (1.09) -1.54 (1.79) 48.89 -2.26 -.81 -4.37 25 <.001 -.86 

Ability to Meet Challenges 4.81 (1.2) 5.42 (1.33) .62 (1.53) 12.89 .00 1.23 2.06 25 .050 .40 

Excited About Challenge 5.15 (1.62) 5.19 (1.47) .04 (1.51) .70 -.57 .65 .13 25 .898 .03 

Motivation Levels  5.04 (1.66) 5.42 (1.42) .38 (1.34) 7.54 -.15 .92 1.48 25 .153 .29 

Desire to Learn and Grow 5.30 (1.72) 5.62 (1.55) .31 (1.32) 5.85 -.23 .84 1.19 25 .246 .23 

Curiosity 4.88 (1.45) 5.31 (1.46) .42 (1.45) 8.61 -.16 1.01 1.49 25 .149 .29 

 

Note. All values (except p values) rounded to 2 decimal points. Negative differences for stress, felt stress, and anxiety all represent positive reduction in scores.  



 

General Program Outcomes. Participants reported that the program was effective in 

improving their ability to increase the intensity (M = 5.69; SD = 1.26) and frequency (M = 5.77; SD 

= 1.14) of flow states. Participants reported that the training caused them to feel confident that they 

had the necessary skills to find flow (M = 5.46; SD = 1.36), confident in their ability to become 

highly focused and absorbed (M = 5.46 SD = 1.36), feel an effortless sense of control (M = 5.31; SD 

= 1.35), and enjoy their activity (M = 5.35; SD = 1.29). See S4, Table 8 for detailed statistics. There 

were strong perceptions (also see S4, Table 10) that the overall program reduced stress (M = 4.31; 

SD = 1.26), improved confidence in handling stressful situations (M = 4.69; SD = 1.32), improved 

performance (M = 5.00; SD = 1.33), improved ability to enjoy their activity (M = 5.15; SD = 1.35), 

could be applied to their activity (M = 5.77; SD = 1.45), improved confidence in performance (M = 

5.27; SD = 1.31), and improved confidence in applied flow skills (M = 5.46; SD = 1.31). 

Qualitative analysis indicated that participants varied in their preference regarding which 

aspect of the intervention program was most effective and ineffective to finding flow (See S4, Table 

11 & 12). Equally, participants described a variety of benefits deriving from the training; the 

majority surrounding a theme of increased confidence and competence, a better ability to prepare 

their mindset, increased motivation, and improved self-trust (See S4, Table 13). When asked 

whether the training simply made them more aware of flow or actually helped them to find flow, the 

majority (54%) of participants reported, "both" (see S4, Table 14). For the interested reader, results 

for the preliminary efficacy of measuring flow entry, duration, occurrence, and intensity can be 

found at S4, Table 14. 

Flow Outcomes. We recognise that the study was not designed to be powered to detect 

(statistical) differences over time; however, we present the output from paired sample t-tests, 

including effect sizes, and associated p values and confidence intervals, for the interested reader 

below. See Table 1, and S4, Table 16, for detailed statistics regarding the preliminary assessment of 

outcomes. 
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Self-Rated Performance. Participants self-reported a mean performance score of 4.19 (SD = 

1.44) pre-intervention and 5.23 (SD = .95) post-intervention, increasing by a large effect size (d = 

.81, p = <.001) and 24.82%. Total (pre- and post-intervention) performance scores positively 

correlated with total PFS scores (r = .727, p <.001). See S4, Table 16. 

Well-Being. Participants self-reported a mean well-being score of 88.15 (SD = 22.81) pre-

intervention and 105.85 (SD = 20.99) post-intervention, increasing by a moderate to strong effect 

size (d = .68, p = <.01) and 15.53%. Total well-being scores positively correlated with total PFS 

scores (r = .673, p <.001). The Cronbach alpha reliability score of the WHO-5 scale was .867. 

Choice/Autonomy. Participants self-reported a mean choice score of 5.2 (SD = 1.10) pre-

intervention and 5.58 (SD = 1.29) post-intervention, increasing by a low effect size (d = .38, p = 

.066) and 4.56%. Total choice scores positively correlated with total PFS scores (r = .534, p <.001).  

Intrinsic Motivation. Participants self-reported a mean intrinsic motivation score of 4.9 (SD 

= 1.28) pre-intervention and 5.48 (SD = 1.13) post-intervention, increasing by a large effect size (d 

= .72, p <.01) and 11.63%. Total choice scores positively correlated with total PFS scores (r = .534, 

p <.001).  

Competence. Participants self-reported a mean competence score of 4.32 (SD = 1.17) pre-

intervention and 5.22 (SD = .90) post-intervention, increasing by a large effect size (d = .96, p 

<.001) and 11.63%. Total competence scores positively correlated with total PFS scores (r = .729, p 

<.001).  

Stress. Participants self-reported a mean stress score of 3.89 (SD = 1.23) pre-intervention 

and 2.75 (SD = 1.10) post-intervention, decreasing by a large effect size (d = -1.08, p <.001) and 

29.46%. Total stress scores negatively correlated with total PFS scores (r = -.372, p <.01).  

Single-Item Measures. Participants self-reported a mean ability to handle stress score of 

4.19 (SD = 1.41) pre-intervention and 5.23 (SD = .91) post-intervention, increasing by a large effect 

size (d = .74, p <.01) and 24.82%. Participants self-reported a mean felt stress score of 3.15 (SD = 
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1.77) pre-intervention and 2.12 (SD = 1.45) post-intervention, decreasing by a medium effect size (d 

= -.54, p <.01) and 33.01%. Participants self-reported a mean felt anxiety score of 3.54 (SD = 1.62) 

pre-intervention and 2.00 (SD = 1.09) post-intervention, decreasing by a medium effect size (d = -

.86, p <.01) and 48.89%. Participants self-reported a mean ability to meet the challenge score of 

4.81 (SD = 1.20) pre-intervention and 5.42 (SD = 1.33) post-intervention, increasing by a small 

effect size (d = .40, p =.05) and 12.89%. Participants self-reported a mean ability to feel excited 

about the challenge score of 5.15 (SD = 1.62) pre-intervention and 5.19 (SD = 1.47) post-

intervention, increasing by a very small effect size (d = .03, p = .898) and .7%. Participants self-

reported a mean motivation level score of 5.04 (SD = 1.66) pre-intervention and 5.42 (SD = 1.42) 

post-intervention, increasing by a small effect size (d = .29, p = .153) and 7.54%. Participants self-

reported a mean desire to learn and grow score of 5.3 (SD = 1.72) pre-intervention and 5.62 (SD = 

1.55) post-intervention, increasing by a small effect size (d = .23, p = .246) and 5.85%. Participants 

self-reported a mean curiosity score of 4.88 (SD = 1.45) pre-intervention and 5.31 (SD = 1.46) post-

intervention, increasing by a small effect size (d = .29, p = .149) and 8.61%.     

Preliminary Assessment of Online Vs In-Person Flow Training. For the interested reader, 

results examining the difference between online and in-person training can be found in S4, Table 

17, and S5. 

4.5 Discussion 

Positive psychology interventions have been increasingly used to affect performance 

(Swann et al., 2012) and psychological well-being (Bolier et al., 2013). Despite applied flow studies 

appearing across sciences, no 'gold standard' or widely used intervention for flow exists 

(Norsworthy et al., 2017b). We conducted a single-group, non-randomized feasibility trial, and 

produced a detailed account of a new educational flow training program. The feasibility of the flow 

training program was assessed by evaluating participant retention, perceptions about and 

experiences of the program, and perceptions about the flow education training. We aimed to provide 
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insight into the preliminary efficacy of the program by measuring flow and its three inclusive 

dimensions (absorption, effort-less control, intrinsic reward; as outlined by Norsworthy et al., 

2021), self-rated performance, well-being, intrinsic motivation, autonomy, competence, and stress. 

In the material that follows, we consider feasibility and preliminary efficacy findings, and highlight 

study limitations and directions for future research.  

Program Feasibility 

In general, our findings indicated that flow training is feasible through an educational 

intervention, was well received by program participants, and yielded positive preliminary effects. In 

regard to recruitment and retention, participant acquisition was successful using Facebook 

advertising and direct contact with local sporting clubs and performing arts centres. Clubs were 

initially difficult to recruit when targeting teams, so the participant recruitment strategy changed to 

contacting individuals. There was a 42% conversion rate from interested participants to program 

completion and participants regarded the workshop to be highly engaging, understandable, 

delivered in a professional manner, practical, valuable, and useful. This evidence suggests that the 

program is feasible to be positioned in a larger experimental study. 

Participants were varied in their assessment of what was most useful in terms of program 

components. Targeting the antecedents of flow within the training gained the highest scores, though 

training on the flow concept, targeting experiential dimensions, integrating the training into their 

activity, and post-training question-and-answer sessions were all deemed of value. This suggests 

that it may be important to include all the above program components, as participants varied in the 

value they placed on the practical and theoretical aspects of the training. In terms of improving the 

program, the overall consensus from participants was that the training didn’t require changing; 

however, some participants indicated preference for more time to practice and implement practical 

tasks. Recommendations for future educational interventions on flow therefore include longer (i.e., 

full day or two half-day) educational sessions to allow further time and discussion around the 
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practical tasks within the training. Unexpectedly, the integration component of the training—that 

delivered both practical tips and time to think about how to integrate the training into the 

individual’s activity—received lower scores of usefulness than all other components (on average). 

It is possible that these findings might change given more time to detail how to integrate this 

training within same-activity-groups, though further research with bigger samples is required. 

Program Efficacy 

Evidence of the feasibility of the program is important, but it is also important to understand 

the value and outcomes of the intervention. The design of the study (i.e., absence of a control arm; 

small sample size) mean any efficacy findings are preliminary and any conclusion made of the 

efficacy data in this study should be taken with caution. Nevertheless, the findings of this study 

were favourable to program efficacy.  

Participant responses were positive with respect to their experiences of the program. 

Participants reported feeling more confident that they had the necessary skills to experience flow, 

and that the flow training was effective in improving participants' ability to increase the intensity 

and frequency of flow. Further, participants reported to be more confident in their ability to become 

highly focused and absorbed, feel an effortless sense of control, and enjoy their activity. 

Participants self-reported that the overall program could be applied to their activity, and reported 

improved confidence in handling stressful situations, performance, ability to enjoy their activity, 

confidence in finding flow, and reduced stress. Participants’ qualitative reports also indicated that 

the program better equipped them to prepare their mindset, increase motivation, and improve self-

trust. Lastly, the majority of participants reported that the training made them both more aware of 

flow in their life, and actually helped them to find flow more intensely and frequently. 

On average, participants increased global flow scores (18.02%), absorption (19.74%), effort-

less control (27.19%), and intrinsic reward scores (10.96%), and self-reported to increase their 

flow-entry (262%) and intensity (10.41%) of flow, suggesting that the intervention may be effective 
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for increasing flow. Total flow intensity scores correlated with total PFS scores suggesting that PFS 

scores may align with self-reported intensities of simple descriptions of flow, and although inter- 

and intra-differences will exist, these preliminary results suggest that higher PFS scores may 

indicate higher self-reported flow intensities. In regard to other outcomes, self-reported single-item 

measures and statistically significant scores revealed an increase in performance, confidence, 

competence, well-being, intrinsic motivation, and choice/autonomy, and a decrease in stress. The 

strongest outcome and effect sizes included an increase in self-rated performance (24.82%) and 

ability to handle stress (24.82%), and a reduction in felt stress (33.01%) and anxiety (48.89%). 

These results are consistent with prior research in which flow experiences have been aligned with 

positive development and high functioning (also see Flett, 2015; Klasen et al., 2012; Norsworthy et 

al., 2017, 2021; & Swann et al., 2017) and as a buffer or coping mechanism to anxiety and stress 

(also see Llorens & Salanova, 2017; Peifer et al., 2014; Sadlo, 2016; Waples & Knight, 2017). 

Further causal experimental research accounting for inter- and intra-individual differences is 

required.  

Lastly, delivering the training online compared to in-person training seemed to have a 

greater positive effect for flow, performance, well-being and felt anxiety scores, whilst in-person 

training showed greater improvements for ability to handle stress and felt stress scores. This 

preliminary data suggests online flow training should not be overlooked in favour of in-person flow 

training. 

4.6 Limitations 

Although single-arm, non-randomized designs are acceptable and well-recognised for 

feasibility trials (Lancaster & Thabane, 2019), the lack of a control-arm and a small sample size 

does preclude causal conclusions regarding the effectiveness of the program. A valuable extension 

of this work, therefore, would be an experimental approach that includes a control group and a 

larger sample. It is recommended that in future studies, multiple baseline and post-training data 
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points (especially regarding outcomes), temporal retention data, and qualitative follow-up data are 

collected to assess the sustainability of any effects. It must be noted that the current study was 

applied to individuals as opposed to teams. Applied literature for flow in teams differs from 

individual application due to the complications of individual goals and collective goals (Van den 

Hout et al., 2016), and would need to be taken into consideration when designing a flow training 

educational program for groups. This study's inclusion criteria included participants that were 

relatively competent in their activity—so that technical improvements would not disrupt measures; 

future studies involving participants learning a new activity are required to identify whether flow 

training can accelerate the learning process. The use of retrospective subjective reports to measure 

flow has previously been questioned (Norsworthy et al., 2021); therefore, at such a time when non-

retrospective physiological measures become more refined, it is suggested that these measures be 

used in conjunction with PFS measures. Additionally, a limitation of the present study was that the 

authors were not present during data collection, and as such, a level of trust towards procedural 

compliance (by participants) was required. For instance, a 1-page document outlining the 

participants' key takeaways and applied skills was co-created with the participants at the end of the 

workshop to help facilitate future activity preparations; this study did not, however, specifically 

address adherence to the preparation rituals (i.e., checking the 1-pager). Having a more robust 

evaluation process on the adherence and application of the training would help to ensure that 

training takeaways (such as preparation routines) are applied. Further measures on procedural 

adherence (such text reminders, preparation check-ins, and requests for participant assurances), for 

example, could be deployed for greater clarity. 

4.7 Conclusion 

In conclusion, our study achieved the objective of evaluating the feasibility and preliminary 

efficacy of an educational flow training program. This study provides a detailed account of what 

constitutes a flow training program, and evidence indicating preliminary efficacy of the program in 
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terms of increasing flow, performance, confidence, well-being, intrinsic motivation, autonomy, and 

a reduction in, and ability to handle, stress and anxiety. The results and positive participant 

perceptions of the program suggest the study’s adopted intervention is a positive starting point to 

developing an effective flow training program. The study adds detailed information and preliminary 

insights to flow interventions (an area of little research) and has established a foundation (and 

further suggestions) for the implementation of a larger scale program. In an applied setting these 

findings and the ability to self-generate the experience of flow with greater intensity may seem 

exciting; however, the training employed is elementary and non-casual, and any practitioners 

seeking to apply the contents of this study are encouraged to follow the guidelines mentioned 

within.  
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Chapter 5: General Discussion 

In response to criticism relating to construct validity, theoretical compatibility, relational 

ambiguity, and definitional inconsistency, for example (e.g., Auld, 2014; Boyd et al., 2018; Cheng, 

2014; Corbatto, 2018; Engeser and Schiepe-Tiska, 2012; Heutte et al., 2016; Hoffman & Novak, 

2009; Kawabatta & Mallett, 2016; Mahnke et al., 2012; Moneta, 2012; Sinnamon et al., 2012; 

Swann et al., 2018), the purpose of the research presented in this thesis was to first consolidate and 

advance our conceptualisation of flow, and then examine how best to measure, and deliver an 

intervention to flow. Specifically, the goals were to (1) conduct a cross-discipline scoping review of 

theoretical literature on flow to identify key common overarching conceptual themes; (2) detail the 

development and preliminary validation of a new Psychological Flow Scale (PFS) to measure the 

flow state; and (3) evaluate the feasibility and preliminary efficacy of a new educational flow 

training program.   

5.1 Research Summary 

In Chapter 2, the review of over 200 sources from 37 countries demonstrated that the 

study of flow is a popular and growing research topic (see also Peifer & Engeser, 2021). Theoretical 

research on flow appeared within a diverse range of scientific disciplines including (and not limited 

to) psychology (accounting for 73% of studies in this review), physiology, computing, 

neuroscience, sociology, economics, and pharmacology, and within 48 different scientific sub-

disciplines such as neuropsychophysiology, personality psychology, cognitive neuroscience, art 

therapy, and artificial intelligence. Although the review highlighted the incongruent nature of flow 

research—such as the 150 differing terms utilised to describe the experience of flow—common 

themes were evident regarding flow antecedents (i.e., optimal challenge, high motivation), the 

experience of flow itself (i.e., absorption, effort-less control, intrinsic reward), and (to a lesser 

extent) outcomes (i.e., positive development, high functioning, further engagement). A 

parsimonious and contemporary cross-discipline framework, definition (i.e., flow is an intrinsically 
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rewarding state of absorption in a task in which control feels effort-less), and language to flow was 

proposed (see Norsworthy et al., 2021). In examination of recent research that also proposes a core 

experience of flow (Peifer & Engeser, 2021) identifiable by three similar dimensions, and the 

increase of systematic reviews in flow science (e.g., Goddard et al., 2021; Peifer et al., 2022) this 

thesis hopes to offer great insight to the search for clarity around the conceptualisation and 

application of flow. In addition to providing greater clarity on the psychological conceptualisation 

of flow, this review also helped identify the physiological markers associated with flow, providing a 

foundation for future research that intersects neurological, psychological, and physiological 

perspectives on the construct. The framework of flow proposed in this review is recommended for 

future researchers to utilize above the plethora of existing models as (a) it identifies and separates 

antecedents, experiential dimensions, and outcomes of flow, whereas other traditional models (such 

as Csikszentmihalyi’s (2014) nine dimensional model) do not; (b) it has been developed through the 

cross-synthesis of multi scientific disciplines and across domains, and utilises language that is 

consistent across scientific disciplines and domains, whereas other models such as the quadrant 

model or WOrk-reLated Flow inventory (WOLF; Baker, 2008) do not; (c) it is parsimonious 

subsuming inconsistent nuanced dimensions to flow into core dimensions, whereas the majority of 

multi-componential models differ from each in their use of nuanced descriptions that may only be 

relevant for specific domains (e.g., telepresence within a flow model for navigational web site 

experiences; Guertin, 2016) and show validity  inconsistency (e.g., time transformation or loss of 

self-consciousness); and (d) the mechanistic design makes the framework also more suitable for 

experimental research. Additionally, the review highlighted common dispositional traits used by 

researchers which will help move research forward to a set of specific flow traits consistent with 

wider research.  

In Chapter 3, a study was presented in which a new measurement of psychological flow 

(i.e., PFS) was developed and assessed for validity. The results of an exploratory and confirmatory 



 164 

factor analysis (using a bi-factor model) showed satisfactory fit for three distinguishable dimensions 

‘under’ a single general or higher-order factor (i.e., global flow score). The results of a series of 

correlational analyses with relevant constructs (e.g., performance, stress) also showed preliminary 

support for the external aspect of validity. PFS scores correlated with self-reported intensity scores, 

suggesting that the PFS may prove insightful to flow intensity. Further, flow intensity scores, the 

percentage of time that participants self-reported to be in flow, and global PFS scores all correlated 

with each other, suggesting that experiencing deeper intensities of flow may take time to develop 

(rather than a more binary ‘in and out’ scenario; also see Peifer & Engeser, 2021b). These results 

are consistent with neuroscientific theories that position flow as occurring through a depleting 

‘onion-peeling’ effect of higher cognitive processes (e.g., Sadlo, 2016; Stoll & Pithan, 2016; Ulrich 

et al., 2016b)—the greater the depletion of higher executive cognitive function, the greater the 

subjective feeling of absorption, reduction in felt effort, and nuanced experiential descriptions (such 

as time transformation, loss of self-consciousness, or a deeper sense of connection; see Chapter 2). 

In Chapter 4, a single-group, non-randomized feasibility and preliminary efficacy trial of 

a flow training program was presented. The trial provided support for the preliminary efficacy of 

the program in terms of increasing flow (+18%) and revealed correlational links between flow and 

self-rated performance, confidence, well-being, intrinsic motivation, and interest scores. Flow was 

also associated with reductions in, and abilities to handle, stress and anxiety. Other qualitative 

outcome themes from participant reports included a better ability to prepare their mindset and 

improved self-trust. Lastly, the majority of participants reported that the training made them both 

more aware of flow in their life, and gave them a greater ability/skill to help generate more flow. 

5.2 Implications 

The work presented in this doctoral thesis is important not least because it attempts to 

address many of the conceptual and measurement criticisms aimed at flow research in general. Over 

the years, flow research has become increasingly divergent and the concept progressively fractured 
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due to definitional variance, dimensional variance, conflation of multiple states in the nine-

dimensional flow model, and relational ambiguity (see e.g., Heutte et al., 2016; Kawabatta & 

Mallett, 2016; Mahnke et al., 2012; Moneta, 2012; Swann et al., 2018). During this thesis we 

attempted to reduce much of the unnecessary theoretical complexity, eliminated redundant 

conceptual descriptors, identified two broad antecedent themes, and has offered a cohesive, 

parsimonious, and cross-discipline framework for flow research moving forwards. Furthermore, this 

thesis has made an important advancement to the measurement of flow. The PFS targets the core 

experiential dimensions of the construct, rather than conflating flow antecedents, pre-conditions, or 

outcomes (which has been a common theme of previous instruments; e.g., FSS, Engeser & 

Rheinberg, 2008, and FSS-2, Jackson & Eklund, 2002). It utilises domain-general language (and 

therefore does not rely on domain-specific descriptions such as ‘telepresence’ in computing; e.g., 

Pelet, 2017), and is the first flow instrument (to the author’s knowledge) that has been specifically 

designed to be relevant and operational across scientific disciplines. Although this thesis offers only 

preliminary evidence for the validity of scores from the PFS, the instrument provides an exciting 

opportunity for comparable cross-disciplinary research in the future.  

The work presented in this thesis is also noteworthy in terms of the practical application 

of flow. Flow is a popular concept with practitioners given its links with high levels of performance 

and continued engagement—evident by the many books on flow that are included in New York 

Times Best Seller business lists or the frequent use of the term “flow” from commentators reporting 

on live sporting events. Less obvious, however, are the reports surrounding the impact flow may 

have for individuals in regard to their health and day-to-day stress and anxiety (see Tozman et al., 

2015). The findings within this thesis position the application of flow as equally impactful to 

individual development and health (e.g., Csikszentmihalyi, 2014; Fullager et al., 2013; Nakamura & 

Roberts, 2016) and could prove an exciting focus for research on health, stress, and anxiety (as well 

as performance related topics; e.g., Flett, 2015). To advance the application of flow, the feasibility 
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trial (in Chapter 4) details the development of a flow training program, provided preliminary 

efficacy for a larger experimental trial, and provided valuable suggestions to further develop flow 

training and for practitioners wanting to integrate flow into their practice. In consideration of 

behaviour change associated with the recent pandemic (COVID-19), such as an increase in people 

learning and working from home (McDowell et al., 2020), preliminary findings from Chapter 4 

show support that the online delivery of this flow training program was just as effective, if not more 

so, than in-person delivery. The participant pool was too small to draw any firm conclusions on this 

issue, though these results suggest that the consideration and benefits of online educational training 

should not be overlooked. 

5.3 Limitations 

In this investigation, an initial scoping review was deemed the most appropriate review 

methodology to understand the scope and divergence of flow research. It is also important, 

however, that systematic reviews and meta-analyses within more specific domains (or focused on 

more specific questions) of application are conducted to help further refine our knowledge of 

applied flow science. Additionally, the works in this thesis did not test the relationships between 

antecedents; rather, the research represented a synthesis (in an objective manner) of the pre-existing 

work on flow. In this respect we encourage researchers to examine (with experimental approaches 

and further systematic reviews) the relationships between antecedents (i.e., ‘optimal challenge’, 

‘high motivation’) and flow, and between the antecedents themselves.  

With regards to flow measurement, the PFS was derived using a cross-sectional approach 

with adults from English speaking countries across a variety of activities. It is recommended that 

the instrument is examined in other cultures, countries, and within specific domains. Additionally, 

whilst attention was placed on synthesising physiological and neuroscientific markers to 

psychological descriptors in the initial review (also see Peifer & Tan, 2021), these physiological 

markers were not utilised to develop or confirm the PFS findings. We encourage researchers to 
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cross-report (and develop) the initial physiological and neuroscientific markers and insights 

mentioned in Chapter 2, so that psychological self-report measures of flow using the PFS can be 

compared to objective real-time physiological markers.  

In relation to the application of an educational flow training program (Chapter 4), the lack 

of a control-arm does preclude causal conclusions regarding the effectiveness of the program, whilst 

the small number of study participants and the array of activities adopted by the participants limit 

reports on domain-specific preferences. In future controlled experimental designs, it is 

recommended that multiple baseline and post-intervention data points are collected to ensure any 

effects are temporally consistent between and within individuals. Lastly, this study focused on the 

examination, measurement, and application of flow within individuals rather than teams (also see 

5.4.1. below). Practitioners seeking to apply these findings to team settings should do so with 

caution, as flow literature regarding groups has thus far shown varying (and distinct from individual 

application) suggestions for the application of flow—most likely due to the complications of 

individual goals and collective goals, for example (Van den Hout et al., 2016). 

5.4 Recommendations 

Further conceptual advancement is encouraged to evolve our understanding of flow and 

to develop a progressively stronger theoretical framework that allows practitioners to better identify 

and attain flow. It is a hope, therefore, that researchers looking to study flow in the future adopt the 

terminology presented in this thesis, or clearly contest such propositions with evidence-based 

reasoning. To overcome the divergences how flow is conceptualised, a unification of language, 

definition, and measurement is advised. Despite providing insight into important conceptual, 

methodological, and applied issues, this thesis also provides —in the following sub-sections—an 

analysis on key areas that require greater scrutiny by those who will study flow in the future. 
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5.4.1 Cross Construct Comparisons 

Flow has been criticised, in some respects, for being incompatible with other theories 

(e.g., Swann et al., 2018), and rarely (as observed within this thesis review) theoretically compared, 

in detail, to adjacent constructs (e.g., ‘intrinsic motivation’). It is recommended, therefore, that more 

in-depth cross-comparison analyses (between flow and related scholarly constructs) are conducted 

to develop insight and help develop flow research. Research into ‘stress’, for example, shares 

almost identical inverted U-Shape arousal and cortisol activity (Tozman et al., 2015; Tozman & 

Peifer, 2016; also see ‘eustress’ within Selye’s (1983) general adaptation syndrome, and ‘optimal 

arousal’ within Hanin’s (2000) individual zones of optimal functioning model). Alternatively, flow 

and ‘peak experiences’ are commonly linked (and used interchangeably). Although differing in 

levels of self-control, awareness, function, and emotion, both flow and peak experiences are linked 

with high levels of dopamine (a pleasure neurochemical that affects attention and motor control; 

Bian et al., 2016). In terms of advancing our knowledge surrounding the ‘high motivation’ 

antecedent of flow, flow is positioned to occur through both intrinsic and extrinsic motivation (e.g., 

MacNeill & Cavanagh, 2013; Perkins & Nakamura, 2013; Vaughn 2017). It is unclear, however,  

whether flow occurs through a juxtaposition from extrinsic to intrinsic motives—as the initial 

reasoning for participating becomes less important due to the intrinsic rewards of goal-achievement 

or achievement of personal standards, attention is shifted away from the initial extrinsic drivers and 

towards the intrinsically rewarding, process-oriented approach (Rheinberg, 2018)—or whether 

intrinsic and extrinsic motives co-occur simultaneously (Engeser, 2012), partially independent from 

one another, but together increase the overall motivational force of the individual.  

Further cross comparative examinations between flow and self-determination theory 

(Ryan and Deci, 2002), ‘motivational competence’ (Engeser & Schiepe-Tiska,2012) and other 

motivational theories are recommended. Additionally, in the proposed framework of flow outlined 

in this Chapter 2, sub-dimensions were proposed for each dimension except ‘high motivation. It is 
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recommended that causal designs be used for the purpose of examining ‘high motivation’, 

‘subjective value’ (e.g., Brockner & Higgins, 2001; Keller & Landhausser, 2012), and ‘interest’ 

(Cheng, 2014; Culbertson et al., 2015; Llorens & Salanova, 2017). Lastly, Elliot (2011) suggested 

that flow and mindfulness are "interwoven entities" that cannot be separated (p. 347), though there 

seems to be clear differences in self-reflexive awareness, absorption, and effort-less control 

(Sheldon et al., 2015). It is recommended to examine mindfulness as a precursor to finding flow 

(e.g., Cathcart et al., 2014; Jackson, 2016).  

5.4.2 Nuanced Experiential Descriptors 

This review synthesised a multitude of more nuanced experiential descriptors (that have 

been helpful to improving our understanding of flow) into the dimension ‘absorption’. See 

Discussion of Chapter 2 for more details. It is advised that researchers continue to report on these 

existing sub-dimensions of absorption as well as potential new sub-themes reported in qualitative 

research. In particular, the ‘loss of reflective self-consciousness’ (one of Csikszentmihalyi’s original 

nine dimensions), for example, is a nuanced description of flow that is chiefly responsible for much 

of our theoretical advancement of flow. ‘Self-consciousness’ is one of the cardinal features of being 

human, at the apex of human cognition enabling advanced cognition, self-critique, and self-

reflection (see Leary & Terry, 2012) that helps us navigate social encounters and self-develop 

(Seligman et al., 2012). Though, somewhat ironically, self-consciousness is also chiefly responsible 

for many self-defeating consequences such as anxiety, stress, and negative health (Nakamura & 

Roberts, 2016; Watkins & Moulds, 2005), and at a basic level self-focused attention can hijack the 

quality of experience. In flow, a state that pushes the boundaries of attentional capacity, the 

attentional economy of self-consciousness depletes vital psychological resources that are required 

elsewhere for flow to occur. This notion has led researchers such as Peifer (2014) to suggest that the 

absorption in flow is a physiological consequence of being deeply externally focused (on the task), 

and that subjective effort (such as the attentional nodes required for introspectively assessing or 
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monitoring consciousness, i.e., self-consciousness) interferes with this process. This understanding 

of how our biology and key functions in cognition work during flow, has been advanced by 

neuroscientific theories and models studying the loss of self-consciousness in flow—such as the 

‘default mode network’ in neurobiology (Raichle et al., 2001) and ‘transient hypofrontality theory’ 

in cognitive neuroscience (Dietrich, 2004), for example. Yet, the concept of consciousness itself 

(and therefore self-consciousness) is still a misunderstood entity, our understanding rapidly 

evolving year-on-year (Di, 2020). Future research into consciousness and subjective experience will 

surely continue to evolve our understanding and therefore should continue to be applied to flow.  

One such experiential nuance that has repeatedly surfaced in this review is the ‘deep 

sense of connection’ reported during flow experiences (Csikszentmihalyi, 1975). During flow the 

boundaries of a self-orientated experience seem to get expanded (Csikszentmihalyi, 2014) leading 

to the unique sense of connection or unity participants describe towards the equipment, person, or 

aspects of the task (Csikszentmihalyi, 1975). Individuals such as surfers, for example, report feeling 

‘at one’ with the surfboard or/and the wave, whilst musicians report an unusual connection or union 

with the audience (Garces-Bacsal, 2016). In this review, these transcending characteristics were 

frequently described (represented amongst a range of keywords) for individual experiences (i.e., out 

of body, self-transcendence, connection, higher levels of consciousness, at one with the activity 

etc.) and for group or social situations (i.e., a sense of unity, shared identity, coordination with 

partner etc). Initial hypothesising would suggest that this self-transcendence and subsequent sense 

of connection is also a product of the same depleting onion-peeling effect of higher cognitive 

functions that distort the perspective of time (See Results, Chapter 2); however, further research is 

required to understand these processes and establish whether this unusual ‘sense of connection’ 

should be positioned as a sub-dimension of absorption, or not. 
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5.4.3 Measuring Flow 

The synthesis of flow literature across disciplines was critical to identifying overarching 

constructs and common language for construction of the PFS. Researchers are encouraged to 

continue to chart markers outside psychology (e.g., physiological markers) that may correspond to 

the PFS dimensional framework. Advances in physiological data acquisition (especially in mobile 

measurable technology), for example, may prove critical to our understanding of flow intensity, 

flow entry, and whether these aspects of flow measurement are due to a graduated process or a more 

discrete ‘turning on’ and ‘turning off’ of flow. There is limited work on the differences of intra-

experiences of flow when in different contexts. A commonly accepted theme amongst researchers is 

that the more complex the task (i.e., the greater the challenge and therefore skill level required to 

meet the difficulty), the greater the intensity of flow (Csikszentmihalyi, 2014)—someone finding 

flow whilst playing chess with a colleague, for example, will experience a milder state of flow than 

if they are competing in a World Championship chess final due to the level of event importance 

(Keller & Landhäusser, 2012). Specifically, the greater the complexity within, and differentiation 

between cognitive, motivational, and affective skills required to meet the demands of the situation, 

then the greater the attentional focus and system cohesion needed to create the internal harmony 

required for flow— resulting in higher intensities. It would be helpful to have corresponding real-

time neuropsychophysiological markers to help confirm or disagree with the above rationale, and, 

for example, how intensity is affected not just from changes in complexity (within the same 

individual) but also across different facilitative factors (e.g., increased 

meaning/importance/interest—motivation). 

5.4.3.2 Measuring Frequency and Dispositional Flow. The measure of an individual’s 

ability, pre-disposition (or personality), or actual frequency to experiencing flow requires further 

research. To date, review sources have often assumed that a measure of either individual ability to 

find flow, personality traits associated with flow, or frequency counts of experiencing flow to 
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subsume the measure of the others (e.g., the use of the DFS-2 to account for both the disposition 

and frequency of flow; Valenzuela et al., 2018). This thesis, however, suggests that these three 

aspects to facilitating flow require (a) differentiated measurement instruments, and (b) clarity of 

concept and components that determine this measure. Existing measures (e.g., Mosing et al.’s, 

2012, Swedish Flow Proneness Questionnaire; Tse et al.’s, 2018, Autotelic Personality 

Questionnaire; or Jackson & Eklund's, 2002, Dispositional Flow Scale), and reports utilising these 

measures, need to clarify what facet (i.e., ability, trait, or frequency count) is intended to be 

measured utilising these scales. Researchers examining this dispositional aspect of flow are advised 

to cross-examine the physiological research in this area. The links between flow proneness to higher 

striatal dopamine D2 receptor availability (De Manzano et al., 2013), for example, and the proposal 

that flow disposition is linked to polymorphism of the dopamine D2 receptor coding gene - DRD2 

C957T rs6277 (Gyurkovics, 2016) may help to shed light on psychological approaches. Much 

remains to be learned about the nature of personalities that encourage flow and what components 

and meta skills help people acquire flow. Researchers studying dispositional aspects of flow are 

advised to not only manipulate inter- and intra-trait components but also the environmental 

components, as the interactions between personal and environmental variables are very complex 

and likely to be mediated by proximal conditions.  

5.4.4 The Application of Flow 

Chapters 2, 3, and 4 were written to be focused and concise for publication criteria. 

Valuable recommendations that were not discussed in those chapters will now be outlined for 

the interested reader. 

5.4.4.2. Targeting Antecedents. This thesis recommends further exploration into the 

sub-themes/dimensions to the antecedents (‘optimal challenge’ and ‘high motivation’) of flow. 

Refining our understanding of ‘clear task goals’, for example, to identify whether ‘exploration 

goals’ (e.g., “seeing how well I can do”; Swann et al., 2016), ‘open goals’ (i.e., non-outcome 
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orientated; Swann et al., 2017), or/and ‘congruency goals (of higher- and lower-order goals; Keller 

& Landhäusser, 2012; Wesson & Boniwell, 2007) are critical factors or just relevant and 

complementary in specific contexts may prove useful. 

Additional to earlier commentary (see Chapter 2, Analysis), this thesis also found sparse, 

but sustained, recommendations (in applied literature) for an individual’s physiological state to be 

considered as a dimensional (or sub-dimension) antecedent to flow (e.g., Keller, 2016). In an earlier 

study examining the preparation of elite athletes, for example, Jackson (1996) reported physical 

readiness to be a key element to achieving flow amongst athletes. Since, other researchers have 

reported on the importance of physical recovery between episodes of flow in order to re-establish, 

or repeatedly find, flow (e.g., Fullager et al., 2017; Moneta, 2017). In consideration of the 

progressive psychophysiological research linking flow (and the ‘optimal challenge’ antecedent) to 

optimal physiological arousal (e.g., reduced HRV, high sympathetic and parasympathetic activity), 

there is logic that individuals who do not have an optimal physiological arousal (as a result of 

physical fatigue or energy depletion, for example) may not have the necessary self-regulatory 

resources to conjure the antecedents (e.g., optimal level of challenge) or maintain the experience of 

flow (e.g., intense concentration). A precedent for psychological models to include physiological 

sub-components is evident in self-efficacy theory, for example (i.e., physiological feedback). More 

research examining the physiological aspects of each dimension to flow is recommended. 

5.4.4.3. General Applied Recommendations. This thesis has highlighted the need for 

further experimental research to adequately examine how to manipulate flow. In doing so it is 

recommended that: 

• Randomised control trials are undertaken to target the antecedents of ‘optimal 

challenge’ and ‘high motivation’ independently, and in conjunction, to help our 

understanding of possible inter-relationships. 
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• Researchers clearly communicate the targeted antecedents (or experiential 

dimensions) their interventions aim to manipulate. 

• Researchers examine the restoration of flow (i.e., re-entering flow after just exiting 

the state) separate from the attainment of flow, to examine if there are differences or 

nuanced methods that are differentiated from attaining flow. 

• Researchers examine the practical management of flow longitudinally, such as 

examining the importance of both physical and attentional recovery to maintain a high 

frequency of flow acquisition. 

• Work be undertaken on individual self-regulatory ability to achieve flow (such as the 

educational training in Chapter 4); however, it is also recommended that studies are 

used to examine the effects of manipulating the context, environment, and culture to 

integrate antecedental aspects. 

• Researchers examine the effects of flow training in therapeutic work (given the 

preliminary positive findings in Chapter 4). Of note, Riva et al. (2016) outlines a 

program structure which aids the individual to first understand and identify the flow 

experience and then facilitate regular notation of daily flow experiences and 

opportunities for future flow experiences. In this program, clients are encouraged to 

make changes in their life to foster and increase the frequency of flow experiences in 

their own lives and in their relationships.  

• Researchers further examine hypo-egoic self-regulation training. Nakamura 

and Roberts (2017) outline how hypo-egoic self-regulation training improves an 

individual’s quality of attention. In hypo‐egoic self‐regulation training, an individual 

exercises self‐control by diminishing the influence of higher meta-level constructs—

such as self- and time-monitoring—and practices intentionally focusing attention on 

the immediate experience (see Leary et al., 2006). It is proposed that by reducing 
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conscious control over one’s behaviour an autotelic and self-less orientation is 

cultivated, which enables a freedom to focus attention on relevant stimuli and thus 

facilitate finding flow (Nakamura & Roberts, 2017). 

• As wearable biotechnology advances (and practicality/ecologically improves), it is 

recommended that researchers examine the effects of decreasing beta activity (brain 

wave activity) during the task, to facilitate a reduction in conscious thinking and self-

reflexive activity such as self-consciousness (e.g., Pluta et al., 2018), and improve 

attentional engagement and control (e.g., De Sampaio Barros, 2018; Sadlo, 2016). In 

doing so, reporting on how this intervention affects the default mode network (DMN: 

a large-scale network of brain regions that is responsible for our normal modes of 

conscious thinking and waking consciousness, e.g., Esterman et al., 2013) would help 

to align theory and practice and improve our understanding of flow. Additionally, 

further skin conductance tests (i.e., testing the ability of the skin to resist electrical 

currents) to measure an individual’s stress, arousal, and valence, and further 

manipulation of heart-rate activity (e.g., heart-rate coherence training) during tasks to 

examine arousal and autonomic functioning during flow, would help to advance our 

psychophysiological understanding of flow, and possibly shed light on the 

physiological elements of flow intensity (Bian et al., 2016; MacNeil & Cavanagh, 

2013; Peifer et al., 2014). 

5.4.4.4. Experiential Intelligence. Conceptually, flow is positioned as an optimal 

subjective experience. The study of flow, therefore, sits within the wider study area of subjective 

experience or phenomenal consciousness (Systma & Machery, 2010). It is recommended that the 

application of flow also be viewed through the wider lens of optimising experience or developing 

‘experiential intelligence’. The concept of ‘experiential intelligence’ has been constructed within 

tourism research to help better understand the consumer experience, and then optimise touristic 
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services by placing the customers experience as the central priority and then working to facilitate a 

better experience for the consumer (Sotiriadis & Varvaressos, 2016; Sørensen & Jensen, 2015). The 

notion of ‘experiential intelligence’, however, is new to psychological and flow research (being 

presented here and now), therefore a brief explanation will follow.  

Although subjective experience (or phenomenal consciousness) is still a misunderstood 

construct, it is also “the most central and manifest aspect of our mental lives” (Chalmers 1995, 

p.207), and a conundrum both psychological and neuroscientific researchers seem committed to 

understanding (e.g., Solms et al., 2019). Despite the discourse in conceptualising subjective 

experience, there is cohesion within the literature that subjective experience seems to involve the 

combination of cognition (e.g., thoughts, imagery, perspectives, beliefs), emotions and moods (e.g., 

fear, rage, joy / elation, depression), motivation (e.g., volition, attraction), perceptual sensation (e.g., 

seeing, hearing), bodily sensations (e.g., pain, heat, hunger), and behaviour (present moment 

actions)—much of which is extremely difficult to describe or measure as a substantial proportion of 

our subjective experience unfolds below the threshold of consciousness (Petitmengin, 2006). In any 

given subjective experience, for example, cognition recognises the information in 

our consciousness and relates it to each other; emotion defines the attitude that is taken to the 

information that is being processed; feedback from our bodily and perceptual sensations are 

integrated, and volition (motivation) then keeps the attention focused on certain relevant 

information instead of moving on to other information (Csikszentmihalyi, 1988), thereby 

determining (and being a consequence of prior) behaviour. The debate of what constitutes and 

determines subjective experience is beyond the scope of this thesis, though the application of flow 

may benefit from research into subjective experience and consciousness. 

A primary assumption underpinning Csikszentmihalyi's (1975; 2014) work on flow is 

that subjective experience is the sum of all content in consciousness and its interpretation by 

awareness (Csikszentmihalyi, 1988b; James, 1890), and that flow is a representation of highly 
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ordered consciousness. Csikszentmihalyi (2014) labels ordered states of consciousness as states of 

‘negentropy’ (opposite of ‘entropy’) in which the contents within our consciousness are processed 

in an ordered way (and allowed to flow), without inner conflict or interruptions. Contrarily, entropic 

states (inherent with conflict, chaos, and disorder) are proposed to ensue in consciousness as 

subjective experiences of anxiety, self-pity, jealousy, boredom, and many other feelings and states. 

In this manner, the structuring, cohesiveness, and alignment of an individual’s psychology, may be 

important towards an individual’s ability to find flow—as indicative by the sub-dimensions ‘clear 

task goals’ and ‘immediate and unambiguous feedback’ helping to structure and add clarity to 

information processing. In application, the contents of consciousness reveal itself (come into 

awareness) through moments (windows) of subjective experience. In regard to flow acquisition, 

therefore, the management of subjective experience (and an individual’s ability to manage 

subjective experience effectively) provides an opportunity to order consciousness and better prepare 

oneself for flow.  

The malleability of subjective experience is most notably influenced by attention. 

Csikszentmihalyi explains, "My experience is what I agree to attend to. Only those items which I 

notice shape my mind” (1978, p. 339). Put simply, attention is the means by which information is 

admitted or denied admission into consciousness; experience exists when attention is 'tuned' to 

it (Csikszentmihalyi, 2014). In this logic, the training outlined in Chapter 4, for example, involved 

facilitating and enabling individuals to self-manage attentional shifts to improve their subjective 

experience. The educational training involved helping individuals to reflect (direct attention) on 

their current subjective experiences, recognise (place attention on) the fluctuations and quality 

difference in their subjective experience, and manipulate aspects of their experience (i.e., cognition 

and motivation) in order to re-focus their attention to intentionally integrate flow antecedents and 

improve the quality of their experience towards an optimal experience—flow. In other words, the 

training helped people become more intelligent about their subjective experience (i.e., ‘experiential 
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intelligence’), as well as more competent in managing their experience (i.e., ‘experiential 

competence’).  

The concept of ‘experiential intelligence’, albeit elementary rumination, echoes the 

framework used to manage emotions, ‘emotional intelligence’ (Salovey & Mayer, 1990)—which is 

defined as the ability to identify, express, understand, manage, and use emotions (Kotsou et al., 

2019). Whilst emotional intelligence focuses on intelligence within emotions and feelings, the term 

‘experiential intelligence’ would theoretically encompass the intelligence surrounding experiential 

states; the combination of cognition, affect (emotion), motivation, sensations, and (potentially) 

behaviour.  In consideration of the substantial body of literature on emotional intelligence and the 

conclusion of systematic reviews that suggest efficacy of emotional intelligence training programs 

to improve ‘emotional competence’ (e.g., Mattingly & Kraiger, 2019), it is recommended that flow 

training be viewed within the wider lens of ‘experiential intelligence’— the ability to identify, 

understand, manage, and use subjective experience—in the hope of developing a broader 

framework that would not only be relevant to flow but also other experiences (i.e., depression, 

boredom) and the achievement of ‘experiential competence’. 

5.5 Final Thoughts 

This thesis includes hundreds of cited works in which the authors of those scholarly 

pieces have attempted to further our understanding of flow and optimal experience—a worthy 

pursuit for advancing the quality of individual experience and humanity, providing important 

intelligence to societies that place importance on performance and reducing stress. In the hope of 

adding meaningfully to these works, this thesis examines and addresses recent criticisms to research 

on flow (such as criticism relating to construct validity, theoretical compatibility, relational 

ambiguity, dimensional variance, and definitional inconsistency; (e.g., Auld, 2014; Boyd et al., 

2018; Cheng, 2014; Corbatto, 2018; Engeser and Schiepe-Tiska, 2012; Heutte et al., 2016; Hoffman 

& Novak, 2009; Kawabatta & Mallett, 2016; Mahnke et al., 2012; Moneta, 2012; Sinnamon et al., 
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2012; Swann et al., 2018), and confirms that flow science is an area of growing scholarly interest. 

This thesis also reflects the struggles of fitting the subjective experience of flow into an objective 

framework. Through (a) conducting the largest (number of sources and diverse number of scientific 

disciplines) structured review on flow (to the author’s knowledge), (b) the proposal of a 

parsimonious framework of flow (which includes antecedents, experiential dimensions, and 

outcomes) based on common overarching themes from review sources, (c) the development and 

preliminary validity testing of a domain general psychological measurement (which is based on the 

proposed framework), and (d) demonstrating preliminary efficacy and recommendations for flow 

training, this thesis offers researchers the platform on which to conduct experimental cross-

discipline (i.e., conduct research across scientific disciplines using the same conceptualisation and 

terminology) research and better enable people to experience flow. It is my hope that this research 

represents the beginnings of a new chapter in flow science, one in which flow researchers work 

from the same conceptualisation and measurement of flow in order to produce comparable flow 

research and advance flow science.   
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Appendices 

 

S1 - Supplementary Data for Chapter 2 – Scoping Review 

Please see original data from the scoping review downloadable in excel format: 

https://figshare.com/s/6435373abfaf938ca51a 
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S2 - Supplementary Tables for Chapter 2 – Scoping Review 

 

 

 
S2, Figure 1. Year of publication of the review literature. 
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S2, Figure 2. Review literature by continent (author location). 
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S2, Figure 3. Review literature by country (author location). 
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S2, Figure 4. Review literature by scientific discipline. 
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Note: Some studies employed multiple methods.  

 

S2, Figure 5. Review literature by methodology. 
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S2, Table 1. Review literature by scientific sub-discipline. 

Scientific Sub-Discipline  Quantity  

Psychology - Positive  42  

Psychology - Sport and Exercise  24  

Psychology - Occupational  18  

Psychology - Educational  15  

Psychology - Computing  12 

Psychology - Personality  9  

Psychology - HCI human computer interaction  8  

Neurobiology  8  

Neuroscience - Cognitive  7  

Psychology - Cognitive  7  

Psychophysiology - Positive  7  

Psychology - Learning  6  

Psychophysiology - General  6  

Psychology - Music  5  

Psychology - Happiness  4  

Neuropsychology - General  4  

Psychology - Social  4  

Psychology - Creativity  3  

Psychology - Developmental  3  

Neurochemistry  3  

Neuropsychophysiological  3  

Psychophysiology - Computing  3  

Psychophysiology - Gaming  2  

Psychology - Cyber  2  

Psychology - Affective  2  

Psychology - Group  2  

Psychology - Leisure  2  

Psychology - Marketing  2  

Psychology - Motivational  2  

Psychophysiology - learning  2  

Psychology - Retail  2  

Therapy - Art  1  

Computing - Artificial Intelligence  1  

Physiology - Computational UX (user experience)  1  

Economics - Tourism  1  

Psychology - Economics  1  

Psychology - Energy  1  

Psychology - Health  1  

Neurophysiology  1  

Neuroscience - Electrophysiology  1  

Psychology - General  1  

Physical Culture and Sport  1  

Psychopharmacology  1 

Psychophysiology - Health  1  

Psychotherapy - Clinical  1  
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Psychology - Social Cognitive  1  

Psychology - Tourism  1  

Psychology - Spiritual  1  
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S2, Table 2. Sample population utilized in review literature. 

Population  No of studies  

Students  57 

General population  24  

Athletes  20  

Musicians  10  

Gamers  10  

Workers  8  

Unknown  6  

Teachers  3 

Business workers  3  

Adolescents  2  

Sport Coaches  1  

Actors/Actresses  1  

Artists  1  

Exercise participants  1  

Hospital staff  1  

School principles  1  

Chess players  1  

Twins  1 

 

Note: Some studies used multiple population samples. 
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S2, Table 3. Constructs, terms, or dimensions used to describe flow in review literature 

 

Construct / Descriptor Frequency % 

Sense of control 166 7.75% 

Concentration / Focus 158 7.38% 

Loss of self-consciousness 144 6.72% 

Challenge-skill balance 144 6.72% 

Transformation of time 144 6.72% 

Unambiguous Feedback 144 6.72% 

Autotelic  142 6.63% 

Merging of action and awareness 139 6.49% 

Clear goals 122 5.70% 

Immersion / Absorption 116 5.42% 

Joy 66 3.08% 

Optimal experience  63 2.94% 

Enjoyment 60 2.80% 

Total engagement 53 2.47% 

Motivation 31 1.45% 

Intrinsically rewarding 28 1.31% 

Nothing else matters - No distractions 25 1.17% 

Full attention 25 1.17% 

Effortless attention 23 1.07% 

Effortless involvement 23 1.07% 

Intrinsic Motivation 21 0.98% 

Positive affect 18 0.84% 

Holistic sensation 15 0.70% 

In the zone 15 0.70% 

High Performance 12 0.56% 

Pleasure 10 0.47% 

Interest 8 0.37% 

Aemotional 7 0.33% 

Automatic actions 7 0.33% 

Optimally challenged 7 0.33% 

Presence 7 0.33% 

Low self-awareness 6 0.28% 

Optimal arousal 6 0.28% 

Order 6 0.28% 

Positive state 6 0.28% 

Curiosity 5 0.23% 

Optimal functioning 5 0.23% 

Absence of critical thought 4 0.19% 
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Cognitive efficiency 4 0.19% 

Complex state  4 0.19% 

Feedback positive 4 0.19% 

Ordered consciousness 4 0.19% 

Reduced self-referential processing 4 0.19% 

Demand-skills fit 4 0.19% 

Subjective experience 4 0.19% 

Telepresence 4 0.19% 

At one with the activity (feeling) 3 0.14% 

Centering of attention 3 0.14% 

High motivation 3 0.14% 

Intrinsically enjoyable 3 0.14% 

Optimal performance 3 0.14% 

Playfulness 3 0.14% 

Sense of unity 2 0.09% 

Activity is optimised 2 0.09% 

Automated action control 2 0.09% 

Cognitive absorption 2 0.09% 

Coherent, noncontradictory demands 2 0.09% 

Coordination with the partner during the activity 2 0.09% 

Experience of engagement and concentration 2 0.09% 

Gratifying 2 0.09% 

Higher level of consciousness 2 0.09% 

Importance  2 0.09% 

Interactivity 2 0.09% 

Internal logic that has no conscious thought 2 0.09% 

Intrinsic interest 2 0.09% 

Motivation and learning for the person 2 0.09% 

Motivation and positive impact on the partner  2 0.09% 

No irrelevant thoughts 2 0.09% 

Out of body - witnessing self 2 0.09% 

Satisfaction 2 0.09% 

Self-referential thoughts inhibited 2 0.09% 

Shared Identity 2 0.09% 

Subjective experience both differentiated and integrated 2 0.09% 

Sustained attention 2 0.09% 

Synchronization and effective cooperation with the partner 2 0.09% 

Usability 2 0.09% 

Affective sensation 1 0.05% 

Alert 1 0.05% 

Autonomy 1 0.05% 

Bodily sensation - kinaesthetic ‘feel’ 1 0.05% 
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Bodily sensation - Lightness of touch 1 0.05% 

Bodily sensation - Optimal arousal 1 0.05% 

Bodily sensation - perceptions of balance 1 0.05% 

Calm / Relaxation 1 0.05% 

Climax 1 0.05% 

Connection 1 0.05% 

Conscious effort (negative) 1 0.05% 

Controlled attention 1 0.05% 

Deep respiration 1 0.05% 

Direct feedback 1 0.05% 

Ease of Use 1 0.05% 

Emotional alignment with task at hand 1 0.05% 

Empathy 1 0.05% 

Enhanced subjective experience 1 0.05% 

Energised Focus 1 0.05% 

External focus 1 0.05% 

Extra sensory info (i.e. hearing crowd) 1 0.05% 

Fascination 1 0.05% 

Feedback antecedents 1 0.05% 

Fluid interaction 2 0.09% 

Focus on relevant information (increase) 1 0.05% 

Function at fullest capacity 1 0.05% 

HR - moderate 1 0.05% 

HRV - moderate 1 0.05% 

Heightened perception of the body 1 0.05% 

High arousal 1 0.05% 

Higher order planning 1 0.05% 

Holistic focus 1 0.05% 

Hypothalamic–pituitary–adrenal (HPA) axis (slow reacting) 1 0.05% 

Ilinx 1 0.05% 

Innovativeness towards online search applications (tools) 1 0.05% 

Intuitive behaviour 1 0.05% 

Less error prone 1 0.05% 

Letting go 1 0.05% 

Ludic trance 1 0.05% 

Mastery 1 0.05% 

Non-reciprocal coactivation of the sympathetic and 

parasympathetic systems 1 0.05% 

Navigability 1 0.05% 

No irrelevant emotions 1 0.05% 

Optimal attention 1 0.05% 

Optimal energy 1 0.05% 
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Optimal engagement 1 0.05% 

Optimal motivational state 1 0.05% 

Optimal state 1 0.05% 

Peak experience 1 0.05% 

Positive feedback 1 0.05% 

Positive mood 1 0.05% 

Positive valence 1 0.05% 

Presence (high) 1 0.05% 

Psychological well-being 1 0.05% 

Higher (rare) state of consciousness 1 0.05% 

Respiratory rate - high 1 0.05% 

Respiratory - deeper 1 0.05% 

Self-transcendence 1 0.05% 

Sense of joint progress 1 0.05% 

Skin conductance - moderate 1 0.05% 

Specified objectives 1 0.05% 

Stable state 1 0.05% 

Subjective high performance 1 0.05% 

Sympathetic nervous system - Fast acting 1 0.05% 

Synchronisation (affect and cognitive modes) 1 0.05% 

System 1 function without interference from system 2 1 0.05% 

THT  1 0.05% 

Togetherness 1 0.05% 

Trust 1 0.05% 

Unified experience 1 0.05% 

Usefulness 1 0.05% 

Virtual becoming reality 1 0.05% 

Vision 1 0.05% 

Vividness 1 0.05% 

 

 

Note: ‘Total engagement’ and ‘total involvement’ were included as one descriptor. 

‘Pleasant’ was incorporated into ‘enjoyment’; ‘High attention’ was incorporated into ‘full 

attention’; ‘Intrinsically motivated behaviour’ was incorporated into ‘intrinsic motivation’; 

‘Time transformation’ was incorporated into ‘time distortion’; and ‘Effortless action’ was 

incorporated into ‘effortful involvement’. 

 

Note: Both individual and social or team flow characteristics have been included above. 
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S2, Table 4. Psychological Constructs, Dimensions, or Terms Actually Measured by 

Sources within Flow Measurement Instruments  

 

Psychological Constructs Measured Frequency % 

Concentration / Focus 155 9.71% 

Sense of control 147 9.14% 

Loss of self-consciousness 110 6.83% 

Challenge-skill balance 107 6.64% 

Clear goals 105 6.51% 

Transformation of time 102 6.32% 

Unambiguous/immediate feedback 89 5.51% 

Merging of action and awareness 77 4.76% 

Autotelic  71 4.38% 

Level of challenge 58 3.63% 

Immersion /Absorption 54 3.44% 

Positive affect (feeling good) 34 2.13% 

Level of skill 33 2.07% 

Reasons for participation /higher goal 33 2.07% 

Satisfaction 33 2.07% 

Enjoyment 32 2.00% 

Feelings 29 1.82% 

Fluency 24 1.57% 

Importance 23 1.44% 

Clear mind - No distractions 23 1.44% 

Anxiety 20 1.25% 

Centering of attention 15 0.94% 

Intrinsic motivation 12 0.75% 

Boredom 11 0.69% 

Telepresence 6 0.38% 

Social interaction 5 0.31% 

Knowledge improvement 4 0.25% 

Wish to perform 4 0.25% 

Engagement 4 0.25% 

Motivation 4 0.25% 

Intrinsic interest 4 0.25% 

Curiosity 4 0.25% 

Flow directly - no constructs 3 0.19% 

Spontaneity 2 0.13% 

Autotelic personality 2 0.13% 

Coordination with other 2 0.13% 

Playfulness 2 0.13% 
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Fun 2 0.13% 

Pleasure 2 0.13% 

Intrinsic reward 2 0.13% 

Optimal functioning - Cognition 1 0.06% 

Machine interaction 1 0.06% 

Creativity 1 0.06% 

Interactive speed 1 0.06% 

Spatial presence  1 0.06% 

Physical presence 1 0.06% 

Self-presence 1 0.06% 

Joy 1 0.06% 

Discomfort (entropy) 1 0.06% 

Demand-skill fit 1 0.06% 

Mood 1 0.06% 

Usability 1 0.06% 

Navigability 1 0.06% 

Innovativeness 1 0.06% 

Usefulness 1 0.06% 

Presence 1 0.06% 

Collaboration 1 0.06% 

Luck 1 0.06% 

Extrinsic reward 1 0.06% 

Achievement 1 0.06% 

Future intention 1 0.06% 

Delight 1 0.06% 

Perceived Value 1 0.06% 

Cognitive absorption 1 0.06% 

Meta-cognition of flow (self-belief that flow is 

possible) 1 0.06% 

Connection 1 0.06% 

Trust 1 0.06% 

Sense of unity 1 0.06% 

 

Note: %s are based on a % of both psychological and physiological constructs 

 

Note: Both individual and social or team flow characteristics have been included above. 
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S2, Table 5. Antecedents Described in Review Literature 

Antecedents Described Frequency % 

Challenge-skill balance 149 29.39% 

Clear goals 105 20.71% 

Unambiguous feedback 102 20.12% 

Skills-demand fit 11 2.17% 

Concentration 9 1.78% 

Sense of control 8 1.58% 

THT down-regulated prefrontal cortex 5 0.99% 

Autonomy 4 0.79% 

Autotelic personality 4 0.79% 

Optimal arousal 4 0.79% 

Personality - Conscientious 4 0.79% 

Attention - high 3 0.59% 

Interest 3 0.59% 

No distractions 3 0.59% 

Optimal challenge 4 0.79% 

Positive affect 3 0.59% 

Telepresence 3 0.59% 

Aligned personal goals 2 0.39% 

Common goal 2 0.40% 

Curiosity 2 0.40% 

Direct attention 2 0.40% 

Skill integration - high 2 0.40% 

Incentive 2 0.40% 

Intention 2 0.40% 

Intrinsic motivation 2 0.40% 

Mutual commitment 2 0.40% 

No worry of failure 2 0.40% 

Open communication 2 0.40% 

Personality - Achievement flow motive (n AchFlow) 2 0.40% 

Personality - Open to new experiences 2 0.40% 

Safety 2 0.40% 

Self-regulation - personal resources 2 0.40% 

Trust 2 0.40% 

Visual attention 2 0.40% 

Action opportunities with achievement-specific incentives 1 0.20% 

Action opportunities with Affiliation–intimacy motive 

incentives 1 0.20% 

Action opportunities with Motive-specific incentives 1 0.20% 

Action opportunities with Power motive incentives 1 0.20% 
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Agency 1 0.20% 

Autonomy support 1 0.20% 

Centred attention 1 0.20% 

Choice 1 0.20% 

Confidence - pre-performance 1 0.20% 

Continuum of growth 1 0.20% 

Emotional competence 1 0.20% 

Environment characteristics 1 0.20% 

Immediate feedback 1 0.20% 

Attention - immediate or instantaneous  1 0.20% 

Isolation 1 0.20% 

Joy 1 0.20% 

Learning orientation - intrinsically 1 0.20% 

Metamotivational state 1 0.20% 

DMN activity - moderate, but not high or low 1 0.20% 

Motivational competence 1 0.20% 

Novel experience 1 0.20% 

Optimal cortisone levels 1 0.20% 

Perceptual limits -sensory threshold for cognitive processing 1 0.20% 

Perceived challenge 1 0.20% 

Perceived complexity 1 0.20% 

Perceived skill 1 0.20% 

Perceived understanding 1 0.20% 

Personal differences 1 0.20% 

Personality - Agreeable 1 0.20% 

Personality - Emotional stable 1 0.20% 

Personality - Emotionally competent 1 0.20% 

Personality - Extravert, 1 0.20% 

Personality - Intrinsically motivated 1 0.20% 

Personality - Neuroticism (negative) 1 0.20% 

Reward 1 0.20% 

Self-awareness 1 0.20% 

Self-complexity 1 0.20% 

Self-confidence 1 0.20% 

Self-trust 1 0.20% 

Situational control 1 0.20% 

Skill variety 1 0.20% 

Social literacy contracts 1 0.20% 

Subjective value / regulatory fit/ compatibility 1 0.20% 

Task identity 1 0.20% 

Task instrumentality 1 0.20% 

Task significance 1 0.20% 
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Task/performance focus 1 0.20% 

User's expectations 1 0.20% 

Purpose - clarity 1 0.20% 

 

Note: antecedents included words that described the terms ‘antecedents', 'elements used to 

create', 'central to establishing flow', 'conditions for flow', and variations deemed close to 

these meanings. The phrase ‘immediate feedback’ was included within ‘unambiguous 

feedback’, and ‘focused attention’ was included within ‘high attention’. 

 

Note: Both individual and social or team flow characteristics have been included above. 
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S2, Table 6. Antecedents Targeted in Applied Literature 

 

Antecedents Measured Frequency % 

Challenge-skill balance 53 30.11% 

Clear goals 34 19.32% 

Unambiguous feedback 32 18.18% 

None 16 9.09% 

Skills-demand fit 5 2.84% 

Concentration 4 2.27% 

Autonomy 2 1.14% 

High attention 2 1.14% 

Interest 2 1.14% 

Sense of control 2 1.14% 

Telepresence 2 1.14% 

THT - down-regulated prefrontal cortex 2 1.14% 

Visual attention 2 1.14% 

Autonomy support 1 0.57% 

Autotelic personality 1 0.57% 

centred attention 1 0.57% 

Choice 1 0.57% 

Continuum of growth 1 0.57% 

Direct attention 1 0.57% 

Isolation 1 0.57% 

Joy 1 0.57% 

No distractions 1 0.57% 

Novel experience 1 0.57% 

Optimal cortisone levels 1 0.57% 

Perceived understanding 1 0.57% 

Positive affect 1 0.57% 

Self-awareness 1 0.57% 

Self-complexity 1 0.57% 

Social literacy contracts 1 0.57% 

Task instrumentality 1 0.57% 

Agency 1 0.57% 

 

Note: Both individual and social or team flow characteristics have been included above. 
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S2, Table 7. Outcomes Described in Review Literature  

Described Outcomes No. of Studies 

Performance + 66 

Enjoyment 33 

Engagement + 32 

Joy 32 

Wellbeing + 32 

Motivation + 27 

Satisfaction 27 

Positive affect 23 

Creativity + 21 

Optimal learning 16 

Optimal functioning 14 

Development (personal) 12 

Meaning 11 

Optimal experience 11 

Flow + 10 

Cultural development 8 

Growth complexity 8 

Autotelic experience 6 

Commitment 6 

Energy + 6 

Achievement 5 

Concentration 5 

Happiness 5 

Increased learning 5 

Intrinsic reward 5 

Positive energy 5 

Self-concept 5 

Time distortion 4 

Capability 4 

Commitment to education 4 

Intrinsic motivation 4 

Well-being - subjective 3 

Exercise adherence 3 

Optimal engagement 3 

Pride 3 

Productivity + 3 

Self-consciousness - 3 

Rich experience 3 

Self-efficacy 3 
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Attention - sustained 3 

Academic achievement 2 

Academic prediction 2 

Alertness 2 

ANS activation  2 

Cognitive efficiency 2 

Cognitive involvement 2 

Collective efficacy (team) 2 

Competence 2 

Confidence 2 

Connection 2 

Contagion 2 

Stress - 2 

Effortless action 2 

Attention + 2 

Greater communication effectiveness 2 

Pleasure 2 

Positive cognition 2 

Positively valenced state 2 

Self-identity 2 

Academic excellence 1 

Addiction 1 

Autonomous work 1 

Burnout - 1 

Clarity 1 

Cognitive capacity 1 

Cognitive control 1 

Cognitive coping strategy 1 

Coping strategies + 1 

Decision making + 1 

DMN – default mode network - reduced 2 

HRV - Inverted U  1 

Dopamine D2 receptor coding gene polymorphism 1 

Educational attainment 1 

Emotional capital 1 

Emotional competence 1 

Empathy 1 

Enthusiasm 1 

Exploratory behaviour 1 

Focus 1 

Fulfilment 1 

Harmony 1 
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Hedonic actions 1 

Hedonic balance 1 

Arousal - high 1 

HPA + 1 

Blood Pressure PR + 1 

HR + 1 

Learning - indirect 1 

Learning - implicit  1 

Insight 1 

Intention to buy/continue/return 1 

Increased social media use 1 

HRV - Inverted U  1 

Judgment - better 1 

Control - maximum capacity 1 

Meta cognition 1 

Arousal - moderate peripheral arousal following a U-shaped 

function of activation 1 

Neglect 1 

Optimized physiological activation 1 

Order in consciousness 1 

Perception of a more positive environment, 1 

Perception of more available resources 1 

Persistence 1 

Personality 1 

Personal resources 1 

Positive mood 2 

Prosocial development 1 

Well-being - psychosocial  1 

Quality of life 1 

Reading comprehension 1 

Anxiety - 1 

Conscious awareness - 1 

Ill-being - 1 

Relationship satisfaction 1 

Risky behaviour 1 

Self-concept 1 

Self-esteem 1 

Self-expansion 1 

Self-wisdom 1 

Sense of achievement 1 

Sense of mastery 1 

Skill acquisition 1 
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Social integration 1 

Social validation 1 

Social synchrony 1 

Synchronisation of movement 1 

Trust 1 

Well-being - objective 1 

Interest + 1 

Involvement  1 

Inverted U Cortisol 1 

 

Note: Both individual and social or team flow characteristics have been included above. 
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S2, Table 8. Outcomes Reported in Applied Literature  

Measured Outcomes (Applied Studies) No. of Studies 

Performance + 6 

Engagement + 4 

Learning + 3 

Joy 3 

Flow + 2 

Decreased HRV  2 

Enjoyment 2 

Increase HPA 2 

Intrinsic reward 2 

HRV - inverted U  2 

Mental health 2 

Optimal learning 2 

Physiological health 2 

Positive affect 2 

Academic achievement 1 

Achievement 1 

ANS activation  1 

Capability 1 

Cognitive control 1 

Collective efficacy (Team) 1 

Competence 1 

Confidence 1 

Continuance in education 1 

Creativity + 1 

Attention + 1 

Happiness 1 

Arousal - high 1 

Identity fusion 1 

Intrinsic motivation 1 

Judgment 1 

Larger respiratory depth (increased parasympathetic activity) 1 

Lower LF (negatively) 1 

Meta cognition 1 

Not THT 1 

Personality 1 

Reading comprehension 1 

Anxiety - less 1 

Reduced DMN 1 

Satisfaction 1 



 214 

Social integration 1 

Attention - sustained 1 

Synchronisation of movement 1 

Transient hypofrontality (THT) 1 

Wellbeing + 1 

 

Note: Both individual and social or team flow characteristics have been included above. 
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S2, Table 9. Measurements Within Review Literature 

 

Measurement No. of Studies 

ESM - Experience Sampling Method (Standard) 39 

FSS (2) - Flow State Scale 29 

DFS (2) - The Dispositional Flow Scale 22 

FSS - Flow Short Scale  20 

EEG - Electrical activity in brain 12 

fMRI - Blood flow 12 

WOLF - The WOrk-reLated Flow inventory 10 

SFPQ - Swedish Flow Proneness Questionnaire  9 

Flow Questionnaire  8 

HRV - Variability of the length of inter beat intervals 8 

ECG (for HRV) 5 

HR - Number of heart beats per minute 5 

EDA - electrodermal activity 5 

ECG - Cardiac Output 4 

EGameFlow  4 

ESF - Experience Sampling Form 4 

Respiratory rate 4 

Semi-structured questionnaire  4 

Cortisol measures 3 

Custom questionnaire - challenge and Skill related 3 

DFS Short 3 

EMG - corrugator supercilii - frowning muscle 3 

EMG - orbicularis oculi - close of eyelid - genuine smiling 3 

Flow Scale (Myers, 1978) 3 

FQ (flow quadrant) 3 

Interviews 3 

Custom - Observational & fMRI Brain activity  2 

ECG - Total Peripheral Resistance (TPR) - cardiovascular 2 

EEG - affective states 2 

EMG - zygomaticus major - smiling muscle 2 

Eye tracking - attention 2 

Facial expressions 2 

Flow experience scale (Shin, 2006)  2 

FSyQ - Flow Synchronization Questionnaire 2 

Galvanic skin response (GSR)  2 

HF - high frequency band - cardiovascular 2 

LF - low frequency band - cardiovascular 2 

NIRS - near-infrared spectroscopy - changes in oxygenated hemoglobin 

(O2Hb) concentrations in the prefrontal cortex  2 
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OMMT - Operant Motive Test (OMT)  2 

PET - positron emission tomography - dopamine D2R binding potential 

(BPND) in the striatum  2 

Respiratory depth 2 

Salivary cortisol 3 

SFS - The State Flow Scale (Martin & Jackson, 2008)  2 

SFWS - Short Flow in Work Scale  2 

SC - Skin conductance 

reciprocal of SR 2 

The flow state scale for occupational tasks (Yoshida et al) 2 

WOLF-S  2 

Activity Flow Scale  1 

Adrenocorticotropic hormone (ACTH) – a precursor of the cortisol 

response – based on blood samples 1 

Applied cognitive tests 1 

APQ - Autotelic Personality Questionnaire  1 

BP - Blood pressure  1 

BVP - Blood Volume Pulse 1 

Cardiac output (The volume of blood pumped by the heart in one 

minute) 1 

Click duration (mouse) to identify boredom, flow or frustration 1 

Challenge-Skill - 'Flow-simplex’’ (Vittersø, 2004) 1 

CSBI - Challenge-Skill Balance Index  1 

Custom - Adapted Flow Questionnaire (Flow Q.) for Spirituality 1 

Custom - scale - 23 item measure  1 

Custom - scale - 6 constructs: skill, machine interaction, social 

interaction, playfulness, concentration and enjoyment.  1 

Custom - scale - playfulness, challenge-skill, creativity, time distortion, 

interactive speed, focused attention, spatial presence, physical presence, 

self-presence,  1 

Custom - The questionnaire (inspired from the Game Engagement 

Questionnaire, GEQ [35]) consisted of six questions, on a 1-5 Likert 

scale. Three questions were about elements of flow (concentration, 

control and perceived length of time), and one about the self-assessment 

of the boredom, flow or frustration condition respectively. 1 

Custom Likert scale (Novak et al, 2000) - Intrinsic interest, fun, bored, 

curiosity, control, focused attention, thought distraction, absorption 1 

Custom Observation - Concentration, Joy, Discomfort (Entropy), 

Secondary Behaviours 1 

Custom scale - 9 dimensions 1 

Custom scale - Challenge, Skill, enjoyment, concentration, 

action/awareness merging, loss of self-consciousness, time 

transformation, and a sense of control. 1 

Custom Questionnaire - Flow probing 1 
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Custom scale - Fit of Skills and Task Demands, Perception of Time, 

Level of Self-Consciousness, Feeling of Control, Involvement and 

Enjoyment, Mood 1 

Custom - Zhang 2014 - perceived sense of control, attention, curiosity, 

and intrinsic interests  1 

Custom - self report - Likert scale - Did you experience flow - Yea and 

Kim’s (2003)  1 

Custom - Scale - telepresence, usability, navigability, sense of control, 

attention, pleasure, challenge-skill, innovativeness, time distortion 1 

Custom scale to measure in Mathematics - interest, usefulness, 

concentration and enjoyment produced by the activity 1 

Custom scale - feedback, goal clarity, perceived control, enjoyment, 

merging of action and awareness, time distortion, concentration, 

curiosity, and challenge and skill 1 

Custom scale - Overall flow was measured with a three-item scale 

preceded by a narrative description of flow 1 

Custom - Based on Novak (2000) - challenge, control, focused attention, 

presence, and positive affect.  1 

Custom - Concentration, merging of action awareness, little self-

consciousness, challenge-skill, time distortion, sense of pleasure 1 

Custom - Adapted from Game Flow  1 

Custom - adapted from Guo and Poole’s inventory for measuring flow in 

human–computer interaction (9 dimensions) 1 

Custom questionnaire - Immersion - Positive experience and 

achievement in game 1 

Custom - Adapted from Kennedy et al. (2014) - Questionnaire - 

description of flow and then self-report agreement with statement  1 

Custom scale - Skill, control, concentration, enjoyment, challenge, 

future shopping intention 1 

Deep structured experiences questionnaire - Binary Assessment - 

Delight, perceived value, engagement, absorption, immersion 1 

DFS - Autotelic questions to examine intrinsic reward sensitivity 1 

Direct Questioning about attention (Thought probes)  1 

DRM - day reconstruction method - diary 1 

ECG (cortical activity) 1 

EduFlow Scale - Cognitive absorption, Time transformation, Loss of 

self-consciousness, Autotelic experience 1 

EEG - Emotional Valence 1 

EMG - electromyographic - indicating emotional valence 1 

EMG for IM and sensorimotor behaviour 1 

EMG for motor commands - muscle movement 1 

EMG-EEG for CMC cortico-muscular coherence 1 

Endocrinological parameters 1 

ESM - multicomponent - Challenges, Skills, Clear goals, immediate 

feedback, concentration, merging of action and awareness, 

transformation of time, telepresence, enjoyment 1 

Eye Blinking - less 1 
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Eye movements 1 

Eye pupil - bigger 1 

FLIES (Flow in Environment Scale - assessing likely flow in location) - 

asks whether location was conducive to flow - no constructs 1 

Flow Contextual Questionnaire (CFC) (Maintenance of attention and 

concentration during the activity - Awareness of progression in control 

technical of the technical skills inherent to the activity - Sustainable 

Challenge - Awareness of integration in a scenario and a group 1 

Flow Metacognitions Questionnaire (FMQ) - confidence and belief in 

achieving flow and that flow is affective 1 

FLOW-W Questionnaire - Absorption - Positive Emotions 1 

fMRI decreased left amygdala activity 1 

fMRI - continuous arterial spin labelling - brain region - left inferior 

frontal cortex 1 

fMRPI (functional magnetic resonance perfusion imaging) - blood 

oxygenation level dependent  1 

fNIRS - functional near-infrared spectroscopy - see NIRS 1 

FSS - Short 2 

HPA - hypothalamic-pituitary-adrenal - stress response 1 

HR coherence - emWave2 - ANS 1 

ICG - Impedance-cardio graphic signals  1 

Interbeat interval (IBI) Time interval between two heart beats 1 

Internet Flow Scale (IFS) - Challenge, MAA, Skill, telepresence, 

concentration, sense of control, loss of self-consciousness, time 

transformation, autotelic   1 

Kinematic - motion segments 1 

LF/HF ratio - Reflecting sympathetic modulation 1 

Mental Effort - RSME is a unidimensional visual analogue scale 1 

Modified Flow scale for music (Pearce, Ainley, and Howard, 2005) - 

Challenge Skill balance 1 

MR (magnetic resonance) - identify ventral striatum, caudate and 

putamen - then used with PET 1 

Magnetic resonance (MR)-based perfusion imaging - prefrontal cortex 1 

Eight-item scale (Nielsen and Cleal, 2010) - corrected to eight items 1 

Observation of participant in context recording anything of note 1 

Oxytocin and ACTH concentrations 1 

PET - default mode network 1 

PET scan with C-labelled raclopride RAC 1 

Phasic EDA - Event-related skin conductance response; measured with 

skin conductance response (SCR) 1 

PsychoLog (phone app) connected to ECG for HRV 1 

Quadrant Model 1 

Relational Flow Scale - 3 factors: Mindful union, altered time, absence 

of disconnection 1 

RSP - respiration signal 1 
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Self-report slider 1 

Semi-structured interviews 1 

Skin resistance (SR) Ability of the skin to resist electrical current 

reciprocal of SC  1 

Social Network Analysis (SNA) 1 

Sustained attention response  1 

SV - Stroke volume - Amount of blood pumped in one heartbeat 1 

TFM (Team Flow Monitor) Group components (i.e., trust, sense of 

unity) 1 

The Experience Fluctuation Model  1 

The Zone test (Dillon & Tait, 2000) 1 

Tonic EDA - Long-term skin conductance level (SCL); indicator for 

vigilance, sustained attention, and heightened arousal over time  1 

Top-down attention: Gaze variability 1 

tVNS - transcutaneous (through the skin) vagus nerve stimulation 1 
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S2, Table 10. Measurement Scales Within Review Literature 

 

Measurement Scales No. of Studies 

ESM - Experience Sampling Method (Varied Constructs Targeted) 39 

FSS (2) - Flow State Scale 29 

DFS (2) - The Dispositional Flow Scale 22 

FSS - Flow Short Scale (Rheinberg) 20 

WOLF - The WOrk-reLated Flow inventory 10 

SFPQ - Swedish Flow Proneness Questionnaire  9 

Flow Questionnaire  8 

EGameFlow  4 

ESF - Experience Sampling Form 4 

DFS Short 3 

Flow Scale (Myers 1978) 3 

FQ (flow quadrant) 3 

Flow experience scale (Shin, 2006)  2 

FSyQ - Flow Synchronization Questionnaire 2 

SFS - The State Flow Scale (Martin & Jackson, 2008)  2 

SFWS - Short Flow in Work Scale  2 

The flow state scale for occupational tasks (Yoshida et al) 2 

WOLF-S  2 

Activity Flow Scale  1 

APQ - Autotelic Personality Questionnaire  1 

Challenge-Skill - 'Flow-simplex’’ (Vittersø, 2004) 1 

CSBI - Challenge-Skill Balance Index  1 

Custom - Adapted Flow Questionnaire (Flow Q.) for Spirituality 1 

Custom - scale - 23 item measure  1 

Custom - scale - 6 constructs: skill, machine interaction, social 

interaction, playfulness, concentration and enjoyment.  1 

Custom - scale - playfulness, challenge-skill, creativity, time distortion, 

interactive speed, focused attention, spatial presence, physical presence, 

self-presence,  1 

Custom - The questionnaire (inspired from the Game Engagement 

Questionnaire, GEQ [35]) consisted of six questions, on a 1-5 Likert 

scale. Three questions were about elements of flow (concentration, 

control and perceived length of time), and one about the self-assessment 

of the boredom, flow or frustration condition respectively. 1 

Custom Likert scale (Novak et al, 2000) - Intrinsic interest, fun, bored, 

curiosity, control, focused attention, thought distraction, absorption 1 

Custom Observation - Concentration, Joy, Discomfort (Entropy), 

Secondary Behaviours 1 

Custom scale - 9 dimensions 1 
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Custom scale - Challenge, Skill, enjoyment, concentration, 

action/awareness merging, loss of self-consciousness, time 

transformation, and a sense of control. 1 

Custom Questionnaire - Flow probing 1 

Custom scale - Fit of Skills and Task Demands, Perception of Time, 

Level of Self-Consciousness, Feeling of Control, Involvement and 

Enjoyment, Mood 1 

Custom - Zhang 2014 - perceived sense of control, attention, curiosity, 

and intrinsic interests  1 

Custom - self report - Likert scale - Did you experience flow - Yea and 

Kim’s (2003)  1 

Custom - Scale - telepresence, usability, navigability, sense of control, 

attention, pleasure, challenge-skill, innovativeness, time distortion 1 

Custom scale to measure in Mathematics - interest, usefulness, 

concentration and enjoyment produced by the activity 1 

Custom scale - feedback, goal clarity, perceived control, enjoyment, 

merging of action and awareness, time distortion, concentration, curiosity, 

and challenge and skill 1 

Custom scale - Overall flow was measured with a three-item scale 

preceded by a narrative description of flow 1 

Custom - Based on Novak (2000) - challenge, control, focused attention, 

presence, and positive affect.  1 

Custom - Concentration, merging of action awareness, little self-

consciousness, challenge-skill, time distortion, sense of pleasure 1 

Custom - Adapted from Game Flow  1 

Custom - adapted from Guo and Poole’s inventory for measuring flow in 

human–computer interaction (9 dimensions) 1 

Custom questionnaire - Immersion - Positive experience and achievement 

in game 1 

Custom - Adapted from Kennedy et al. (2014) - Questionnaire - 

description of flow and then self-report agreement with statement  1 

Custom scale - Skill, control, concentration, enjoyment, challenge, future 

shopping intention 1 

DFS - Autotelic questions to examine intrinsic reward sensitivity 1 

EduFlow Scale - Cognitive absorption, Time transformation, Loss of self-

consciousness, Autotelic experience 1 

FLIES (Flow in Environment Scale - assessing likely flow in location) 1 

Flow Contextual Questionnaire (CFC) (Maintenance of attention and 

concentration during the activity - Awareness of progression in control 

technical of the technical skills inherent to the activity - Sustainable 

Challenge - Awareness of integration in a scenario and a group 1 

Flow Metacognitions Questionnaire (FMQ) - confidence and belief in 

achieving flow and that flow is affective 1 

FLOW-W Questionnaire - Absorption - Positive Emotions 1 

FSS - Short 2 

Internet Flow Scale (IFS) - Challenge, MAA, Skill, telepresence, 

concentration, sense of control, loss of self-consciousness, time 

transformation, autotelic   1 
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Eight-item scale (Nielsen and Cleal, 2010) - corrected to eight items 1 

Relational Flow Scale - 3 factors: Mindful union, altered time, absence of 

disconnection 1 

TFM (Team Flow Monitor) Group components (i.e. trust, sense of unity) 1 

The Experience Fluctuation Model  1 

The Zone test (Dillon & Tait, 2000) 1 
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S2, Comparisons to the Construct of Flow 

Auld’s (2014) review on flow in learning environments is one of many studies that 

suggest flow is a unique psychological state that not only exists but is also experienced by the 

majority of people. For example, Massimini and Carli (1988) report that 79% of participants 

have experienced flow in some activity during their life, whilst opinion pollsters in Germany 

collecting representative samples since 1995 (see Allensbacher & Werbetrageranalyse, 2000) 

report that only 10% of the population never experience flow (Rheinberg, 2018). Despite this 

confidence in the existence of flow states, this review, as an aside, contrasted the 

conceptualisation of flow to other similar constructs to a) ensure that flow is not simply 

a ‘repackaging' of another concept (Kelley, 1927) and b) understand intricate differentiations 

that may further flow science. In order to carry out such an examination, articles and journals 

outside the scope of this review were drawn upon to gain a better understanding of the 

comparable states in question—the main constructs in need of differentiation are as follows. 

‘Peak experience’ (McLeod, 2007)—frequently used interchangeably with flow 

(see Orta-Cantón & Sicilia-Camacho, 2015)—is commonly described as the pinnacle of joy; 

an intense and overwhelming emotional experience that does not necessarily lead to an 

individual’s optimal functioning (Privette, 1983). In contrast, flow is described as an 

aemotional (emotionally inhibited) experience in which the individual achieves a high state 

of functioning (Csikszentmihalyi, 2014c).  

‘Ecstasy’ (from Ancient Greek ἔκστασις ékstasis)—described by Einstein as 'the 

finest emotion of which we are capable’—is a subjective experience of total involvement of 

the subject in which the mind or body are removed from its normal place of function 

(Versnel, Hornblower, & Spawforth, 1996). ‘Ecstasy’ shares the distortions of time, distance 

from self-consciousness, and an altered state of consciousness that is often associated with 

flow (Csikszentmihalyi, 2014c), but is also a state of diminished, or total lack of, awareness 
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of surrounding objects and proximal conditions (Björkqvist, 1982). It is epitomised by a loss 

of self-control, rather than an increase in effortless control, and is rarely capable neither of 

optimal functioning during a task or optimal communication with other people (Björkqvist, 

1982).  

‘Work engagement’ (Maslach, Schaufeli, & Leiter, 2001), defined as “a positive, 

fulfilling, work-related state of mind that is characterized by vigor, dedication, and 

absorption” (Schaufeli, Salanova, González- Romá, & Bakker, 2002, p. 74), shares many 

conceptual characteristics with flow (Fullagar & Kelloway, 2013). Though on deeper 

examination ‘work engagement’ represents an engagement in one’s job as a whole, rather 

than a moment-to-moment state, and is operationalised as a relatively stable disposition. 

Whereas flow relates to a temporary state in a moment-to-moment task (Christian, Garza, & 

Slaughter, 2011). Additionally, popular measuring instruments of ‘work engagement’ 

specifically assess general job affect during measurement  (Newman, Joseph, & Hulin, 2010), 

whereas the constructs of flow include dimensions that are conceptually distinct from affect 

(i.e., control, challenge-skill balance, and loss of reflective self-consciousness; Knight & 

Waples, 2017).  

‘Immersion’, frequently utilised as a common descriptor of flow, is frequently used in 

computer game research to describe the immersive interaction between the user and the game 

(Jennett et al., 2008). Whilst ‘immersion’ may share the merging of action and awareness or 

absorption experienced in flow, it lacks the high sense of control described in flow 

(Csikszentmihalyi, 2014c).  

In this review, ‘peak performance’ was commonly associated with flow (e.g., Flett, 

2015), in fact, some authors considered flow to be synonymous with objective performance 

success (e.g., Klasen et al., 2012). Given that peak performance (e.g., winning a sporting 

event) is dependent in many cases on external influences outside of an individual’s control 
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(Privette, 1983), however, performance success may be best considered as a possible (rather 

than expected) outcome of the construct. Contrarily, flow is a subjective experience 

delineated from measures of success. 

‘Presence’ (see Ijsselsteijn, Freeman, & De Ridder, 2001)—often described as ‘being 

in the moment’—is posited to share the same clarity and loss of reflective self-

consciousness as flow (Wright, Wright, Sadlo, & Stew, 2014) though does not always require 

the pre-conditions of ‘challenging capability’ (i.e., challenge-skill balance, clear goals) or 

‘motivational force’, as required for flow. Equally, it does not conceptually share the high 

sense of effort-less control, fluid movement, merging of action and awareness, or the 

distortion of time often attributed to flow experiences.  

‘Mystical or spiritual experiences’ (see Davis, 1998) have been synonymously linked 

to flow experiences in this review (e.g., Hytönen-Ng, 2016; Leskowitz, 2014), though studies 

examining the relationship between the constructs have found inconsistent results 

(e.g., Dillon & Tait, 2000; Sainz, 2004). Further, spiritual experiences are rarely associated 

with the pre-conditions of flow (i.e., ‘challenging capability’; clear goals) and the sparse 

studies examining conceptual relatedness point to clear structural and dimensional 

differences (e.g., Monson, 2013).  

In recent years, researchers are increasingly comparing flow and the concept of 

‘mindfulness’. Many sources suggest mindfulness to be an ideal precursor to finding flow 

(e.g., Cathcart, McGregor, & Groundwater, 2014; Jackson, 2016), whilst Elliot (2011) posits 

that flow and mindfulness are "interwoven entities" that cannot be separated and are best 

viewed as different measures on the same liner paradigm (p. 347). In support, Aherne, 

Moran, and Lonsdale (2011) posit dimensional similarities (i.e., clear goals and 

concentration; in relation to Csikszentmihalyi’s nine-dimensional model), and Jackson (2016) 

has suggested that both flow and mindfulness elicit a present moment awareness (Jackson, 
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2016). Mindfulness, in some cases, seems to help focus attention and lead to a state of 

absorption, thus resembling flow, however, a defining differentiation between the states is the 

reduced self-reflexive awareness or loss of reflective self-consciousness, fluidity of action, 

and high sense of control that is frequently associated to the flow experience (Sheldon, 

Prentice, & Halusic, 2015). Whereas maintaining a conscious awareness of self is critical to 

being ‘mindful’, flow seems to be dependent on a merging of action and awareness or 

absorption that is symbiotic with, or lead towards, a loss of conscious awareness and 

reflection of self. For example, Sheldon, Prentice, and Halusic (2015) reported that boosting 

an individual’s ability to remain mindful during an activity actually undermines their ability 

to find the immersion/absorption associated with flow.  

Despite not being conceptualised by ‘effort-less control’ or ‘absorption’—as flow has 

been conceptualised in this review—intrinsic motivation (IM) and flow are frequently 

conflated. Flow is often positioned as a form of activity-based intrinsic motivation 

(Rheinberg & Engeser, 2018) that drives people to participate in an activity regardless of the 

extrinsic consequences (Csikszentmihalyi, 2014c). Described as an emerging motivation 

(Csikszentmihalyi, 2014c), flow is also differentiated from multiple other forms of IM (see 

Rheinberg & Engeser, 2018) such as need satisfaction IM (see self-determination theory; 

Ryan & Deci, 2002), task-orientation IM (e.g., Woodworth 1918), goal alignment IM 

(Heckhausen & Heckhausen, 1989), and interest IM (Krapp, 2003). For example, self-

determination theory (SDT) is a widely adopted motivational theory that posits IM is 

developed through the fulfilment of personal needs, namely competence, relatedness and 

autonomy needs (Ryan & Deci, 2000). From a SDT perspective, IM formed towards 

intrinsically rewarding activities are, in principle, performed in harmony with the interests of 

others and not to their detriment; instead antisocial behaviour is the result of restricting 

environments thwarting important basic psychological needs (Schuler, 2012). Sources in this 
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review, however, suggest flow can also occur in antisocial behaviour, such as theft, and 

frequently exists in undernourishing contexts such as war or in extreme sports athletes who 

often live on the poverty line and in isolation from others. Harari (2008) highlights that even 

unsafe unattractive contexts such as extreme levels of deprivation, discomfort, and danger 

can be attractive if flow is experienced within the context. Furthermore, whilst IM (as defined 

by SDT) is reliant on autonomy needs being met, Vuorre and Metcalfe (2016) found agency 

decreased as the task became more difficult, whereas flow peaked both in frequency and 

intensity as tasks became more difficult—towards an optimal level of challenge. Sources also 

highlighted that individuals may enter an optimal challenge for mixed motives and not solely 

intrinsic reasons (e.g., e.g., Schuler & Brandstatter, 2013; MacNeill & Cavanagh, 2013; 

Perkins & Nakamura, 2013; Valenzuela et al., 2018; Vaughn, 2017; Vuorre & Metcalfe, 

2016). For example, Vaughn's (2017) study on American football players reported that self-

determined extrinsic motivation significantly predicted flow intensity and that NFL players 

reported significantly high levels of extrinsic motivation, and low intrinsic motivation, when 

competing in games associated with their most memorable flow experiences. Equally, 

MacNeill (2013) reported that school principals described competing against others was a 

main factor to achieving flow, and Bassi and Delle Fave (2012) reported that work-related 

flow was associated with both autonomous regulation and with controlled regulation. In fact, 

extrinsic factors leading toward flow are so common in work settings that in some flow 

literature this is known as the “paradox of work" (e.g., Bassi & Fave, 2012). As 

both Aristotle and Woodworth (1918) pointed out a long time ago, it is off course possible for 

someone to engage in an activity under extrinsic reasons but then persist in it for intrinsic 

motives. In view of the fact that even concentration camp internees experience flow, 

Csikszentmihalyi (1975) suggests that humans are capable of turning any action opportunity 

into one that is compatible with flow. For example, as the initial reasoning for participating 
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becomes less important due to the intrinsic rewards of goal-achievement or achievement of 

personal standards, attention is shifted away from the initial extrinsic drivers and towards 

a process-oriented approach (Rheinberg, 2018). Technically speaking, intrinsic and extrinsic 

reasons can co-occur simultaneously and therefore can be dissociated or partially independent 

(Engeser, 2012), therefore, these findings favouring extrinsic motives as facilitative to flow 

do not negate findings reporting intrinsic factors being facilitative to flow, rather help to point 

out that depending on the situation either may be helpful if in sufficient strength. Whether 

flow entry depends on a higher leniency towards intrinsic motives than extrinsic motives or 

the juxtaposition from extrinsic to intrinsic motives, is unclear—a topic for further research. 

‘Cognitive absorption’ (CA), a more recent term than flow, which is often utilised in 

learning research (e.g., Leong, 2011), was created to extend the notion of flow in order to 

predict individual beliefs and attitudes towards the usefulness of new information 

technologies (Agarwal, Sambamurthy, & Stair, 1997). CA has been conceptualised to include 

the dimensions: temporal dissociation, focused immersion, heightened enjoyment, control, 

and curiosity (Agarwal & Karahanna, 2000); and flow is often used in CA discourse to 

describe the total absorption into the act (Hoffman & Novak, 2009). Differentiation is 

appranet between flow and CA, when CA utilises specific usability components tailored 

towards computers such as the ‘perceived ease of use’ and ‘computer playfulness’. Why CA 

researchers originally chose to differentiate CA from flow is unclear.  

‘Clutch States’, a term designed by Swann et al. (2017) represents a more consciously 

controlled state of high performance. A state in which an individual is ‘making it happen’ 

rather than ‘letting it happen’. Swann et al. (2017) highlight that although flow and clutch 

states share aspects of enjoyment, enhanced motivation, perceived control, altered 

perceptions, absorption, and high confidence, they differ in attentional characteristics, 

conscious awareness of thought, arousal, and effortlessness to the experience. 
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Lastly, ‘deep play’— often described as a metamotivational or intrinsically motivated 

behaviour undertaken for its own sake—seemingly shares many of the autotelic (Barnett 

2000), high challenge, high concentration, and ability to live with uncertainty (Ackerman 

1999) characteristics that are associated with flow. Research on deep play is sparse; those 

found by the authors in this review posited no confirmed constructs or measures, and 

pertained to deep play being more emotional, transcendent, and ecstatic than flow (Gyimóthy 

& Mykletun, 2004). Given the depth of similarities between flow and deep play, an in-

depth integration and differentiation between the two concepts, and that of 'serious play' 

(Peabody & Noyes, 2017), would be a worthwhile continuance of research. 

The above conceptual comparisons were carried out as an important ‘side-step’ 

towards establishing the integrity of the review. It is suggested, however, that a more in-depth 

review specifically targeting conceptually related constructs may prove beneficial to both 

flow and the constructs in question. What became clear from the above comparisons is that 

the flow state is a holistic construct of the sum of its dimensions. When certain key 

dimensions of flow (i.e., effort-less control) are taken away, then the remaining state could 

easily be synonymous with other constructs (i.e., immersion). Flow is not necessarily 

incompatible with the above concepts, for example, an individual may have a spiritual 

experience or high work engagement whilst in flow, rather flow and the above constructs do 

not seem to be identical constructs and therefore require isolated research. Csikszentmihalyi 

(2014c) has consistently reiterated the need to conceptualise flow as a holistic sensation, 

despite a high percentage of research in this review conceptualising flow as a unidimensional 

construct (i.e., utilising the ‘challenge-skill balance’ dimension only during measurements). 

Csikszentmihalyi has always assumed that the individual, as an autonomous goal-directed 

system, manifests certain states that are best understood in terms of total systemic 

functioning, rather than isolating certain components of flow that operate at a lower level of 
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complexity (Campbell 1973; Csikszentmihalyi, 2014c). Csikszentmihalyi (2014) points out 

that human topics such as flow and consciousness represent the most complex and integrated 

form of information processing, as both the monitoring of inner states as well as the outer 

environmental conditions are pivotal to the state’s existence and therefore its 

conceptualisation.  

 

S3 - Supplementary Materials for Chapter 3 – PFS Development 

 

 
 

S3, Figure 1. Scree plot displaying factor variance. 
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Note: 1) Bi-factor analysis results show that all items have higher loadings (black arrows) on 

the general factor ‘flow’ rather than on their own local factor (grey arrows. Bifactor statistics 

and comparisons of item loadings are shown on Table 4, 5 & 6. 

 

 

S3, Figure 2. Relationship between the general factor (flow) and three local factors 

(absorption, effort-less control, intrinsic reward).  

  



 232 

S3, Table 1. Proportion of Factor Variance – Total Variance Explained 

 

 

Component 

Initial Eigenvalues Rotation Sums of Squared Loadings 

Total 

% of 

Variance Cumulative % Total 

% of 

Variance Cumulative % 

1 10.132 36.185 36.185 6.066 21.663 21.663 

2 3.867 13.811 49.996 5.947 21.240 42.903 

3 2.527 9.024 59.020 4.513 16.117 59.020 

Extraction Method: Principal Component Analysis. 
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S3, Table 2. Rotated Factor Loadings of PFS Items (EFA) 

 

Item 1 2 3 

1 PFS1 .342 .773  

2 PFS2 .349 .774  

3 .313 .732  

4 PFS3  .839  

5 PFS4  .826  

6 PFS5  .846  

7   .604 

8  .502  

9   .572 

10  .628  

11  .669  

12   .430 

13 PFS6   .685 

14   .541 

15   .614 

16 PFS7   .806 

17 PFS8   .736 

18 PFS9   .666 

19 PFS10   .790 

50 PFS11 .851   

21 PFS12 .876   

22 PFS13 .856   

23 .699   

24 PFS14 .809 .325  

25 PFS15 .835   

26 .795   

27 .734 .326  

28  .554  

 

Note: Loadings less than 0.3 have been suppressed to make the interpretation a little easier. 

PFS1 to PFS15 indicate the final items retained. 
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S3, Table 3. Descriptive Statistics of Psychological Flow Scale (Full Dataset) 

 

 

 N Minimum Maximum Mean Std. Deviation 

PFS1 913 1 7 5.93 1.050 

PFS2 913 1 7 5.84 1.137 

PFS3 913 1 7 5.83 1.175 

PFS4 913 1 7 5.38 1.398 

PFS5 913 1 7 5.35 1.430 

PFS6 913 1 7 5.09 1.316 

PFS7 913 1 7 5.19 1.358 

PFS8 913 1 7 5.32 1.206 

PFS9 913 1 7 5.35 1.210 

PFS10 913 1 7 4.80 1.571 

PFS11 913 1 7 5.68 1.417 

PFS12 913 1 7 5.73 1.356 

PFS13 913 1 7 5.57 1.466 

PFS14 913 1 7 5.23 1.508 

PFS15 913 1 7 5.40 1.425 

Total Flow 913 18 105 81.70 13.113 

Item Mean - Absorption 913 1 7 5.67 1.10 

Item Mean - Effort-less Control 913 1 7 5.15 1.09 

Item Mean - Intrinsic Reward 913 1 7 5.52 1.29 

Total Mean -Absorption 913 5 35 28.33 5.488 

Total Mean - Effort-less Control 913 5 35 25.75 5.428 

Total Mean - Intrinsic Reward 913 5 35 27.62 6.471 

 

Note: ‘Absorption’, ‘Effort-less Control’ and ‘Intrinsic Reward’ scores relate to the summed 

scores of each of the three proposed dimensions.  

 

 

 

 

 

 

 

 

  



 235 

Internal Reliability Estimates (Cronbach’s Alpha) – Half Dataset 

 

 

 

S3, Table 4a. Cronbach’s Alpha for Subscale 1 (Absorption)  

 

Cronbach's 

Alpha N of Items 

.928 5 

 

 

 

 

 

S3, Table 4b. Cronbach’s Alpha Item Variation for Subscale 1 (Absorption) 

 

 
Scale Mean if 

Item Deleted 

Scale Variance 

if Item 

Deleted 

Corrected 

Item-Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

1 PFS1 22.2873 22.570 .830 .911 

2 PFS2 22.3838 22.145 .770 .919 

4 PFS3 22.3355 21.234 .852 .904 

5 PFS4 22.8333 19.568 .838 .907 

6 PFS5 22.8794 19.438 .808 .915 

 

 

 

S3, Table 4c. Scale Statistics Subscale 1 (Absorption) 

 

Scale Statistics 

Mean Variance Std. Deviation N of Items 

28.1798 32.218 5.67610 5 
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S3, Table 5a. Cronbach’s Alpha for Subscale 2 (Effort-less Control) 

 

Cronbach's 

Alpha N of Items 

.875 5 

 

 

 

 

 

S3, Table 5b. Cronbach’s Alpha Item Variation for Subscale 2 (Effort-less Control) 

 

 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item 

Deleted 

Corrected 

Item-Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

13 PFS6 20.6206 21.502 .665 .858 

16 PFS7 20.5110 19.881 .792 .827 

17 PFS8 20.3487 21.819 .735 .844 

18 PFS9 20.3969 22.403 .640 .864 

19 PFS10 20.8860 18.967 .718 .849 

 

 

 

 

 

S3, Table 5c. Scale Statistics Subscale 2 (Effort-less Control) 

 

Mean Variance Std. Deviation N of Items 

25.6908 31.691 5.62948 5 
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S3, Table 6a. Cronbach’s Alpha for Subscale 3 (Intrinsic Reward) 

 

Cronbach's 

Alpha N of Items 

.937 5 

 

 

 

 

 

S3, Table 6b. Cronbach’s Alpha Item Variation for Subscale 3 (Intrinsic Reward) 

 

 
Scale Mean if 

Item Deleted 

Scale Variance 

if Item 

Deleted 

Corrected 

Item-Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

50 PFS11 22.0044 25.231 .813 .925 

21 PFS12 21.9912 24.910 .872 .915 

22 PFS13 22.2083 24.354 .837 .921 

24 PFS14 22.5110 24.620 .808 .926 

25 PFS15 22.3026 25.117 .824 .923 

 

 

 

 

 

 

S3, Table 6c. Scale Statistics Subscale 3 (Intrinsic Reward) 

Mean Variance Std. Deviation N of Items 

27.7544 38.216 6.18195 5 
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S3, Table 7a. Cronbach’s Alpha for PFS (Total 15 Items) 

Cronbach's 

Alpha N of Items 

.895 15 

 

 

 

 

S3, Table 7b. Cronbach’s Alpha Item Variation for PFS (Total 15 Items) 

 

 

Scale Mean if 

Item Deleted 

Scale Variance 

if Item 

Deleted 

Corrected 

Item-Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

1 PFS1 75.7325 148.425 .631 .887 

2 PFS2 75.8289 148.731 .549 .889 

4 PFS3 75.7807 148.378 .552 .889 

5 PFS4 76.2785 144.971 .555 .889 

6 PFS5 76.3246 145.125 .526 .890 

13 PFS6 76.5548 149.215 .456 .893 

16 PFS7 76.4452 147.834 .481 .892 

17 PFS8 76.2829 146.832 .602 .887 

18 PFS9 76.3311 149.492 .485 .891 

19 PFS10 76.8202 147.510 .408 .896 

50 PFS11 75.8750 143.521 .635 .885 

21 PFS12 75.8618 142.344 .696 .883 

22 PFS13 76.0789 141.668 .658 .884 

24 PFS14 76.3816 140.782 .683 .883 

25 PFS15 76.1732 142.293 .677 .884 

 

 

 

 

S3, Table 7c. Scale Statistics PFS (Total 15 Items) 

 

Mean Variance Std. Deviation N of Items 

81.6250 166.134 12.88929 15 
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S3, Table 8. General Flow Appraisal for External Aspects of Validity 

 

1) Please state the task/activity that you used to answer the above questions: 

_____________________________ 

 

 

2) Please state in minutes how long the task/activity lasted for: 

_____________________________ 

 

 

3) The questions above are designed to measure ‘flow’ experiences. Flow is described as "A 

total engagement in which nothing else matters, actions seem to flow effortlessly—simply 

participating in the act feels satisfying."  

Based on your experience and responses to the above items, do you think that you 

experienced ‘flow’ in your recent task/activity? Please circle your answer: 

Yes     /      No     /      Unsure  

 

If you answered ‘NO’, please go to question 19. If you answered ‘YES’, continue below 

(18b). 

 

3b) What percentage of the time where you in flow in relation to the total time (length) of the 

activity? 

___________% of the time 

 

3c) Was the flow experience a single experience or did you experience it or enter and exit it 

on multiple occasions within the activity? 

No, just once / on two or three occasions / multiple occasions 

 

3d) Referring back to the experience of flow, how strongly did you experience flow? 

If the experience occurred more than once, please answer the below questions in relation to 

your strongest experience. 

 

1 2 3 4 5 6 7 

(very weak)      (very strong) 

 

3e) What would be the words you would use to describe the experience of flow? 

___________________________       ______________________________ 

___________________________       ______________________________ 

___________________________       ______________________________ 

___________________________       ______________________________ 

 

 

4) Lastly please provide any comments on your experience; anything you deem to be of 

influence: 

 
Comments: 

 

 

 
 



 240 

 

 

S3, Table 9. Pearson’s Correlations for External Reliability Constructs 

 
 Total Flow Autotelic FSS Competence Stress Performance 

Autotelic 

Personality 

Pearson Correlation .390      

p-value .000      

N 913      

Flow (FSS) Pearson Correlation .754 .415     

p-value .000 .000     

N 913 913     

Perceived 

Competence 

Pearson Correlation .494 .356 .572    

p-value .000 .000 .000    

N 913 913 913    

Perceived 

Stress 

Pearson Correlation -.423 -.224 -.422 -.486   

p-value .000 .000 .000 .000   

N 913 913 913 913   

Performance Pearson Correlation .488 .317 .525 .692 -.404  

p-value .000 .000 .000 .000 .000  

N 913 913 913 913 913  

Perceived 

Anxiety 

Pearson Correlation -.343 -.158 -.364 -.40 .692 -.323 

p-value .000 .000 .000 .000 .000 .000 

N 913 913 913 913 913 913 
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S3, Table 10. Means and Standard Deviations for External Reliability Constructs 

 

 N Minimum Maximum Mean 

Standard 

Deviation 

Perceived Anxiety 913 1 10 2.49 1.922 

Perceived Competence 913 7 42 33.94 6.208 

Perceived Stress 913 5 35 12.34 6.035 

Self-Reported Performance 913 1 7 5.47 1.089 

Flow (FSS) 913 12 70 52.09 9.521 

Autotelic Personality 913 68 175 124.94 16.246 
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S3, Table 11. Pearson’s Correlations for Flow Scores, Autotelic Personality and 

Subcomponents 

 
 Flow AU CU PE L SC IM EC EB 

Autotelic-

Total 

Pearson Correlation .390        

p-value .000        

N 913        

Curiosity Pearson Correlation .213 .534       

p-value .000 .000       

N 913 913       

Persistence Pearson Correlation .292 .761 .393      

p-value .000 .000 .000      

N 913 913 913      

Low Self-

Centeredness 

Pearson Correlation .104 .552 .013 .201     

p-value .002 .000 .699 .000     

N 913 913 913 913     

Intrinsic 

Motivation 

Pearson Correlation .293 .474 .358 .284 -.016    

p-value .000 .000 .000 .000 .626    

N 913 913 913 913 913    
Enjoyment/ 

Transformatio
n of Challenge 

Pearson Correlation .205 .629 .393 .506 .145 .225   

p-value .000 .000 .000 .000 .000 .000   

N 913 913 913 913 913 913   
Enjoyment/ 

Transformatio

n of Boredom 

Pearson Correlation .294 .545 .332 .333 .004 .329 .332  

p-value .000 .000 .000 .000 .911 .000 .000  

N 913 913 913 913 913 913 913  

Attentional 

Control 

Pearson Correlation .263 .578 .010 .500 .357 .025 .180 .117 

p-value .000 .000 .765 .000 .000 .458 .000 .000 

N 913 913 913 913 913 913 913 913 
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S3, Table 12. Flow Entry  

 

 
 N % 

1 648 71.0% 

2 164 18.0% 

3 101 11.1% 

 

Note: 1 = Yes, 2 = No, 3 = Unsure 
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S3, Table 13. Mean Flow Scores for Self-Reported Flow Entry 

 

 Yes Unsure No 

Total Flow 86.25 75.55 67.48 

Absorption 29.69 26.93 23.82 

Effort-less 

Control 27.27 23.13 21.36 

Intrinsic 

Reward 29.29 25.50 22.30 

Pax 648 164 101 
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S3, Table 14. Self-Reported Percentage of Time (i.e., duration) in Flow within Single 

Activity 

 

 

Reported % of Time N % 

2 1 0.1% 

3 1 0.1% 

5 4 0.4% 

6 3 0.3% 

8 3 0.3% 

9 1 0.1% 

10 14 1.5% 

11 2 0.2% 

14 6 0.7% 

15 7 0.8% 

16 1 0.1% 

17 1 0.1% 

18 2 0.2% 

20 11 1.2% 

21 3 0.3% 

22 2 0.2% 

23 2 0.2% 

25 6 0.7% 

27 3 0.3% 

28 2 0.2% 

29 3 0.3% 

30 23 2.5% 

31 2 0.2% 

32 1 0.1% 

33 2 0.2% 

35 2 0.2% 

36 2 0.2% 

37 3 0.3% 

38 2 0.2% 

39 4 0.4% 

40 22 2.4% 

41 5 0.5% 

42 1 0.1% 

44 1 0.1% 

45 6 0.7% 

46 2 0.2% 

49 2 0.2% 

50 30 3.3% 

51 10 1.1% 

52 1 0.1% 

53 1 0.1% 

54 1 0.1% 

55 3 0.3% 
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56 3 0.3% 

57 1 0.1% 

58 1 0.1% 

59 3 0.3% 

60 27 3.0% 

61 11 1.2% 

62 7 0.8% 

63 1 0.1% 

64 6 0.7% 

65 6 0.7% 

66 7 0.8% 

67 3 0.3% 

68 2 0.2% 

69 5 0.5% 

70 43 4.7% 

71 28 3.1% 

72 15 1.6% 

73 5 0.5% 

74 2 0.2% 

75 23 2.5% 

76 17 1.9% 

77 6 0.7% 

78 2 0.2% 

79 2 0.2% 

80 62 6.8% 

81 32 3.5% 

82 24 2.6% 

83 9 1.0% 

84 4 0.4% 

85 18 2.0% 

86 9 1.0% 

87 5 0.5% 

88 7 0.8% 

89 3 0.3% 

90 51 5.6% 

91 15 1.6% 

92 8 0.9% 

93 6 0.7% 

94 5 0.5% 

95 15 1.6% 

96 1 0.1% 

97 3 0.3% 

98 4 0.4% 

99 2 0.2% 

100 29 3.2% 

Not Reported  171 18.7% 
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S3, Table 15. Self-Reported Intensity of Flow  

 

 

Intensity (1-10) 

 N % 

1 3 0.3% 

3 18 2.0% 

4 48 5.3% 

5 95 10.4% 

6 302 33.1% 

7 0 0% 

8 203 22.2% 

9 74 8.1% 

10  0 0% 

Not reported   170 18.6% 

 

 

 

 

 

 

 

 

 

  



 248 

S3, Table 16. Descriptive Statistics for Flow Scores, Flow Duration, Flow Frequency, 

and Flow Intensity 

 

 

 N Minimum Maximum Mean Std. Deviation 

% of Time in Flow 

(Flow Duration) 

742 2 100 66.49 24.483 

Flow Frequency*  749 1 3 1.88 .785 

Flow Intensity 743 1 9 6.50 1.566 

 

* Frequency of Flow During Event (1= just once; 2= on two or three occasions; 3 = multiple 

occasions) 
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S3, Table 17. Pearson Correlations for Flow Scores, Percentage of Time in Flow, and 

Flow Intensity  

 
 

 Total Flow Absorption Effortless Reward %inF 

Absorption Pearson Correlation .741     

p-value .000     

N 913     

Effort-less 

Control 

Pearson Correlation .671 .211    

p-value .000 .000    

N 913 913    

Intrinsic 

Reward 

Pearson Correlation .835 .478 .342   

p-value .000 .000 .000   

N 913 913 913   

% Time in 

Flow 

(Duration) 

Pearson Correlation .368 .291 .273 .230  

p-value .000 .000 .000 .000  

N 742 742 742 742  

Flow 

Intensity 

Pearson Correlation .526 .404 .353 .373 .473 

p-value .000 .000 .000 .000 .000 

N 743 743 743 743 736 
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S3, Table 18. Self-Reported Frequency of Flow within Single Activity 

 

 

 N % 

1 279 30.6% 

2 278 30.4% 

3 192 21.0% 

Not reported  164 18.0% 
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S4 - Supplementary Materials for Chapter 4 – Feasibility Study 

 

 

S4, Table 1. Participants’ perception of their activity competence 

 

Item N % 

Beginner 6 23 

Intermediate 9 35 

Advanced 7 27 

Amateur Professional 1 4 

Professional 3 11 

Note: Items were scored 1-7, where higher scores denote more extensive training or changes. 
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S4, Table 2. Participants’ prior training 

 

Item N Mean (SD) 

Have you received any prior mental skills training? 26 2.63 (1.50) 

Have you received any training on 'flow' before? 26 1.12 (0.44) 

Are you currently making many (or significant) changes in 

how you technically perform in your activity? 
26 3.00 (1.27) 

Note: Items were scored 1-7, where higher scores denote more extensive training or changes. 
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S4, Table 3. Participants’ perceptions of the program (pre-intervention) 

 

Item N Mean (SD) Percentage of 

scores above 

70% 
Do you feel you have the fundamental skills to perform in your 

sport/activity? 
26 5.04 (1.77) 68% 

Do you believe mental skills training can make a difference to 

your engagement in the sport? 
26 5.80 (1.53) 84% 

Do you believe mental skills training can make a difference to 

your performance in the sport? 
26 6.08 (1.08) 96% 

Are you currently motivated to engage in your sport/activity? 26 5.25 (1.45) 72% 
Do you feel confident in your ability to perform in your 

sport/activity? 
26 4.96 (1.37) 72% 

Do you feel mentally strong in your sport/activity? 26 4.50 (1.32) 52% 
Do you believe this flow training will make a big difference? 26 5.40 (1.15) 77% 

Note: Items were scored 1-7, where higher scores denote more positive perceptions. 
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S4, Table 4. Participants’ perceptions of the training 

 

Item N Mean (SD) Percentage of 

scores above 

70% 

I felt the training was engaging 34 6.00 (0.98) 94% 

I felt the training was practical 34 5.69 (1.15) 85% 

I will use this training 34 6.09 (1.06) 94% 

I participated in the training with an open 

mind that flow training could work 
34 6.13 (1.31) 94% 

The training was carried out and delivered 

professionally 
34 6.63 (0.61) 100% 

I felt the training was valuable 34 6.16 (0.92) 94% 

I was able to understand the training content 34 6.38 (1.87) 97% 

I was undistracted by the other people in the 

training and able to focus on the training 
34 6.09 (0.93) 94% 

I was able to engage in the training to the 

best of my ability 
34 6.06 (0.98) 91% 

Note: Items were scored 1-7, where higher scores denote more positive perceptions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



S4, Table 5. Participants’ perceptions on program effectiveness 

Item N Mean (SD) Percentage of 

scores above 

70% 

I feel that flow training can increase the intensity of flow states 26 5.69 (1.26) 77% 

I feel that flow training can increase the frequency of flow states 26 5.77 (1.14) 88% 

I felt the training was very useful 26 5.50 (1.36) 77% 

Because of the training I feel more confident that I have the necessary skills to find 

flow in my activity 
26 5.46 (1.36) 81% 

Because of the training I feel more confident in becoming highly focused and 

absorbed into my activity 
26 5.46 (1.36) 85% 

Because of the training I feel more confident to feel an effortless sense of control in 

my activity 
26 5.31 (1.35) 88% 

Because of the training I feel more confident to enjoy my activity 26 5.35 (1.29) 81% 

Training on understanding the concept of Flow and recognising it in my life was 

helpful to finding more flow in my activity 
26 5.58 (1.47) 85% 

Training on creating the antecedents (Challenge Your Capacity and Increase 

Motivation) was helpful to finding more flow in my activity 
26 5.35 (1.29) 77% 

Training on recreating the experience of flow (Absorption-focused attention –/ 

Effortlessness in action) was helpful to finding more flow in my activity 
26 5.27 (1.46) 73% 

Training that focused on integrating the training into my specific activity was helpful 

to finding more flow in my activity 
 5.15 (1.38) 81% 

Do you believe the Q&A sessions (post initial training) were very helpful?  5.31 (1.59) 73% 

Do you believe mental skills training can make a difference to your engagement?  6.50 (0.81) 100% 

Do you believe this flow training will make a big difference?  5.42 (1.17) 73% 

Note: Items were scored 1-7, where higher scores denote more positive perceptions. 
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S4, Table 6. Participants’ ranking of the effectiveness of program stages  

 

 Conceptual 

understanding of flow 

Applied training to 

target the antecedents 

Applied training to 

target the experience 

Integration training to 

specific activity and 

context 

First 
7 6 6 5 

Second 7 11 5 4 

Third 4 6 11 6 

Fourth 7 2 3 10 

Overall score* 65 71 64 54 

 

*Overall score was calculated based on 4 points for 1st, 3 points for 2nd, 2 points for 3rd, and 1 point for 4th place. Higher scores represent more 

effective training. 
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S4, Table 7. Participants’ responses to training usefulness 

 

Question: What was most useful from the training? 

• Learning to focus on the process of my tasks, not only the outcome. 

• Receiving strategies as to how to maximise flow and harness it in everyday life 

• The confidence map 

• I feel it was actually the balloon activity, not only understanding other people in the group and working together but also just 

focusing properly on the task at hand, and understanding how “practice” can aid in it running more smoothly  

• Reinforcing prior knowledge and the relevance to my activity was motivating 

• Overall, very good - Liked the takeaway cheat sheet to make it practical 

• It was great being able to immediately relate what you were learning to your chosen activity by completing written exercises 

throughout and at the end of each section. Also, the practical balloon activity was useful as I could feel the effects of flow in action. 

• Facts that I could take away to demonstrate or prove how flow is actually effective.  

• Explanation of brain mechanics, flow, and techniques  

• I liked the motivation flow chart, its practical and easy to understand 

• Strategies to get in the flow, minimise barriers and shape experiences 

• The idea of 'preparing' the mindset to get into a flow state before commencing an activity. 

• I direct negative thoughts into different directions 

• The tools for improve your confidence and the explanation about intrinsic and extrinsic  

• The verbal explanation 

• Being able to apply flow to a situation with the balloon activity. Being given vocabulary tools surrounding the concept of flow in 

order to dictate the feeling verbally and mentally. 

• Being in flow is focussing on enjoying the experience  

• Giving examples of entering flow state so that we could relate it to our personal circumstances. The training was well-suited to 

accommodate a range of sports and performance areas 

• The booklet with the summarised information and the easily understandable format/structure of the session which broke sections up 

into smaller chunks.  

• Solidified my understanding of flow and how to achieve it. It was good to hear that what I had been implementing was proven to be 

effective.  
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• Methods to promote flow state. (Before conducting activity) 

• Learning the difference between Flow and Mental Focus 

• The balloon game to put the theory into practice 

• Showing my how short my attention was when looking at the flame. How much I need to practice on focusing.  

• it’s good to know how flow work for me  

• The specific examples given 

• "Skill wall" 

• Learning what flow is and the best ways to get there.  

• Definitely the 3 key aspects of flow and the segmented sections of it  

• It was excellent encouraging us to embrace stress as a positive  

• Understanding and breakdown of the concept 

• The balloon game was a practical way to demonstrate and show how flow changes 

• The idea to aim for flow state and not a certain outcome 

• Strategies 

• Reframing a situation and focusing on entering a state of flow through motivation. 

• The intrinsic and extrinsic motivation and the tools to improve confidence 

• Focus on enjoying the flow experience  

• The structure of the course as it was easy to follow. Each aspect of the training followed on to the next 

• Pre activity prep 

• Hearing other participants experiences 

• Learning that you can reframe your experience.  

• to use flow technique into my strength training as well as my work  

• Analysing before and after the practical exercises 
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S4, Table 8. Participants’ responses to possible changes to the training  

 

Question: What would you change about the training? 

• More time to hear everyone’s answers to what we have written down. Gives insight into their thoughts and could spark more of our 

own.  

• I would not change anything I feel that the entirety of the session was well planned and as a result I have come out of it feeling 

motivated to further my interests in flow 

• can't think of anything - it was really good. Perhaps just slightly too long (30min shorter would be perfect for me) 

• I think mentioning a bit about how much training you need to be very competent in an activity, expand on maybe the 10,000-hour 

theory and tie them together  

• More explicit links to theory 

• Make it a little more step by step some of the activities were a little unclear 

• it is all a matter of time really, but I found that the sharing talking time with partners was a little one sided, maybe a point in time 

where you call to swap people who are talking so both people get examples? 

• Near the end i just lost focus because 3 hours is a long time to stay focused 

• Time allotted to discuss personal stories/preferences. It wasn’t enough at times. 

• N/a 

• PowerPoint more descriptive because I am not a native speaker. Handout on key point still good 

• I would make It more practical with exercises or practical examples that we can use in a daily basis 

• The handouts 

• Some more work on factors that influence the ability to drop into flow state, e.g., self-confidence etc.  

• More practical examples that demonstrate application of the flow theory. 

• Making the training more specific. Perhaps having follow up sessions that are more suited to a particular sport or area of 

performance as it was quite general. 

• More insight into the science behind flow training rather than just the basics. 

• The training could have been more engaging, possibly including more practical tests of flow? 

• Smaller group. 

• More information on psychology/brain function  

• I think the theory portion should be distributed as online learning materials beforehand so we can read it before. 
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• Then Sunday would be more focused on a more practical approach and more engaging. I felt like there was a lot of theory on Sunday 

and a lot to absorb over a short time. Or perhaps more sessions. 

• More reading material to take home. 

• its good 

• Be more thought provoking 

• pitch/intro as part of an introduction email might give more time in the training for practical exercises 
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S4, Table 9. Participants’ responses to training inclusions 

Question: What would you like to see in the training that wasn’t already in the workshop? 

• Not quite sure - I think it covered a lot.  

• Again - I wouldn’t add anything else it. From beginning to end, I was intrigued and will take a lot away from this and apply it to my 

practice  

• Perhaps a tip on staying in flow when you start in flow and then are distracted or managing expectations with the training.  

• Nothing really  

• How to challenge the lack of motivation or overthinking to get to flow 

• Further discussion about visualisation techniques for encouraging flow before you start your activity. A quick introduction into the 

purposes of different nervous systems before connecting them to how they assist flow 

would be interested to see how different senses can enhance or distract (or how they affect flow) 

• There’s nothing i really would like added 

• Case studies. Although time would be a factor 

• N/a 

• Exercises that we can apply in a daily basis 

• I would like to have experienced more of a discussion rather than a question-and-answer situation that seemed to be happening most 

of the time. It would be useful to talk specifically about the application of flow in my own practice. 

• Video testimonials and reverse engineering demonstrate flow 

• More practical application of the training and how we can change our personal circumstances to accommodate the training we 

received 

• More specific examples/stories from people who have used flow training. 

•  :)) 

• The references 

• More practical exercises 

• comprehensive online learning materials beforehand. 

• Puzzles  

• It was awesome 

• its good  

• More hands-on activities 
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• More exercises/ training sessions 
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S4, Table 10. Participants’ perceptions of program effectiveness 

 

Item N Mean (SD) Percentage of 

scores above 

70% 

The training reduced my stress in daily life beyond my activity 26 4.31 (1.26) 54% 

The training helped me feel more confident in handling stressful situations? 26 4.69 (1.32) 57% 

The training helped improve my performance 26 5.00 (1.33) 69% 

The training helped me enjoy my activity more 26 5.15 (1.35) 81% 

I feel that flow training can be applied to my activity 26 5.77 (1.45) 100% 

The training helped me feel more confident in my performance 26 5.27 (1.31) 77% 

Because of the training I feel more confident that I have the necessary skills to find flow in my activity 26 5.46 (1.36) 81% 

Do you believe mental skills training can make a difference to your engagement? 26 6.50 (0.81) 100% 

Do you believe this flow training will make a big difference? 26 5.42 (1.17) 81% 

Note: Items were scored 1-7, where higher scores denote more positive perceptions. 
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S4, Table 11. Participants’ responses to most effective aspects of the program 

 

Question: Please describe what you felt was most EFFECTIVE about the program? 

• Understanding how it works in the brain really helped me. as well as different contributors to the state of flow 

staring at a spot on the wall while widening your senses 

• That Cameron was able to give relevant examples and apply the concepts to each of our own chosen activities. Not everyone had 

sport as their activity and Cameron was able to help us understand how we can apply Flow to all aspects of our lives.  

• Increasing my motivation by reminding myself why i was doing it with a physical reminder 

• Identifying own motivations for activity 

• I like the changing the mindset (focusing less on the negative aspect on why you do something and finding the positive) 

• That it's something that can be incorporated into any activity in your life 

• ordered and methodical way of achieving flow. Practical application.  

• I learnt strategies that I can practice and implement in my own training. Since I am an anxious person, I found the section on 

challenge and motivation very helpful.  

• Wall of Confidence 

• Having different tools to pull from in order to have different ways of finding Flow. 

• Trusting your activity training + visualisation before performing, specifically visioning what you look like performing and how it 

feels to perform it successfully 

• Building up confidence and visualising the activity with enjoyment. 

• Learning about motivation 

• I found it very clear and engaging. I have used the motivation thing since the training, just in a small way to engage myself more in 

what I am doing - I'll make a mental note of my motivation for doing something and try and come up with some more intrinsic 

motivation. It is helpful to stay happier about doing some tasks that you might otherwise begrudge.  

• Practical exercises (e.g., balloons) as this demonstrated how focused and absorbed participants could become with a simple task 

• Information provided  

• the real-life examples explained 

• Find the balance between challenging myself and stressing myself  

• Step-by-step approach 

• Do not think at all and focus my attention on feel how every muscle was working  

• Preparation and focus 
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• Know there is a flow which can help task be done more effectively.  

• How to focus and what to focus  

• Understanding the factors that influence the flow state and how to regulate them 

• Adding visual reminders for your best performance in the task from past and who you will be performing in the future 
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S4, Table 12. Participants’ responses to most ineffective aspects of the program 

 

Question: Please describe what you felt was most INEFFECTIVE about the program? 

• I know courses are time poor, but i felt like the discussion times, should have had a "swap so the other person can talk" time, 

otherwise you get so involved you forget to swap talkers 

• The intro, but probably I had seen something similar on YouTube before, to get an idea of what it is about 

• Not sure.  

• I felt a bit confused in the application at first on how to do it 

• The visualisation exercise (wall) where the participant didn’t indicate any increase in confidence. (Bit of a flop, but handled well) 

• Sometimes it's difficult to change the mindset about being nervous, stress (i.e., over fears of injury) 

• It was too focused on sport as activity while it definitely covers much bigger areas in life than just that one field. 

• Nothing 

• Did not cater to my training specifically. As a dancer, the flow experience is very different to what it might be for other sports 

because there are so many corrections and feedback to remember when dancing. I would have liked if it was more catered towards 

the individual sport or if there was feedback on flow theory so that I could understand how it can work better for me.  

• None 

• Not having more of a scientific understanding of what exactly happens to the body in flow. And maybe not having someone to guide 

you through it - having to figure it out. 

• Writing down my motivations did not help me to find flow, as these motivations were already underlying in my performance pre 

flow training 

• Don't know  

• Not knowing what to do if the flow was inconsistent while engaging in the activity 

• I feel like it covered too much in too little time to be practical. I wonder whether it would be best presented over a series of 

workshops, where you can cover just one idea and practise that into your training and evaluate its effectiveness over a week before 

learning something new. I felt this training was very generic, and in order to use it for your specific task, and considering your own 

habits and psyche, more engagement was required on the part of the participant. However, it did give you a good idea of what flow 

is.  

• Still unsure how to get into flow in a sporting situation where you need to focus on what a competitor is doing and react/take 

proactive action. How does that active thought process does not pull you out of flow state 

• Time to practice  
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• Hard to adapt its methodology into dance training 

• Not having enough content to take home to follow up with  

• Balloon activity - people misunderstood instructions 

• Thinking about time, control, performance  

• Nothing 

• How to have flow in daily work task not practical for me. Sometimes I can feel flow in simple tasks, or task I know well how to do.   

• n/a 

• None 

• n/a 
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S4, Table 13. Participants’ responses to the benefits of the program 

 

Question: Please list the training benefits (i.e., how has it helped you? How has it made you feel?). 

• It has made me aware for the need to get out of my head and trust my natural motions more.  

• It mainly helped me to get more motivation for the activity itself (going out in shitty weather instead of finding excuses) 

• It has made me more confident in my performance ability. It has made me think about how I can apply flow and concentration skills 

to most aspects of my life. It has made me curious about my potential and I am excited to see how far I can go in my chosen activity 

and in others. 

• I feel more motivated when i use the technique of the physical reminder of why i am doing it 

• Find more flow. More enjoyment in task 

• I will become more aware of my mindset before and during the activity and to reframe my thoughts to be more constructive to 

getting into the flow. 

• More aware of my motivation in certain experiences 

more at ease. Confident. Utilising a good method to achieve more awareness and flow in everyday activities.  

• I have been able to put things in perspective more to achieve the optimum level of challenge. I have also enjoyed finding more 

intrinsic motivations. Both of these helps to reduce my stress and anxiety around the activity. 

• That there is such a thing as Flow and that I am not imagining it. 

• I have been able to perform without internal chatter in the brain, something I really struggle with. It has also made me feel more 

competent and less tired from sessions. 

• Trust in self and in my years of training. Able to recognise stress/tension in the body and feel motivated to let go of it. Ability to feel 

more confident in my future self after successfully executing difficult steps. 

• It has helped me directing my concentration & awareness back to the task.  

• Solidified my understanding of flow and how it works 

• I felt like it did help me get through a task (learning a new song) more effectively and with less struggle than previously. I didn't feel 

enlightened (it still felt like work) but I was engaged, and it did make the process easier, and I completed it quicker than before. I 

might have given up in the past whereas this time I broke up the learning into tiny tasks and it flowed a lot smoother.  

• More positive approach to training sessions, finding enjoyment, and seeking the state of effortlessness 

• Helped increase motivation  

• Becoming more conscious of my internal physiology 
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• Motivation to try, confidence 

• Concentration in the task, understanding of my skills and capability, motivation to Create more flow moments 

• Relaxation and focus on everything other than the breath-hold 

• Keep Calm on task 

• It’s awesome  

• Learning to trust 

• Flow Training makes yo mindful of the flow state. Focus Improves. Visualize how you will do the new tricks before doing helps. 

• Coordination and picking queues improve. Re-focus when not being able to learn new tricks as you have been successful in the past 

in learning new tricks. positive reinforcement of thoughts 
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S4, Table 14. Participants’ responses to whether the training helped increase awareness of flow or ability to find flow  

 

Question: Do you feel that since the training you are simply more aware of flow or do you feel that you can actual find flow more frequently 

or intensely? 

• More aware, but also more aware of how to find it 

• Main improvement so far: I now start applying it to different daily tasks 

• I feel at the moment I am simply more aware of Flow, but with time as I get better at flow, I will find it more frequently and 

intensely.  

• I feel more aware of it. I was playing videogames, and I realised after I was done that I had been in flow. 

• More aware and able to find flow. 

• Yes, I think I can recognize effective vs ineffective thoughts that will contribute to flow 

• I'm definitely more aware & will keep practising finding flow in my everyday tasks 

• A combination of awareness and then able to apply. 

• Yes, I am much more aware of flow and understand how I can practice the strategies so that I can find it more often 

• Yes 

• I am definitely more aware of flow, and I think I have been able to find it more effortlessly. 

• Both - I can recognise and appreciate the moments I find flow, but can also put myself into a headspace pre performance to prepare 

for flow 

• I can feel it's a work in progress. Initially I faced more challenges but could quickly realise they were caused by things I had written 

down as "adding unnecessary stress" during flow training. So, it helped me identify WHY I was more challenged  

• I am more aware, but found that I was already achieving a good sense of flow 

• I might have experienced flow more, but I'm still not really enjoying my activity. But I'm not hating it as much, so perhaps that's a 

win.  

• More aware and desire to find flow more frequently 

• more aware 

• More aware  

• Both 

• I feel that I can find flow, but I need to really focus all my attention in what I am doing in the precise moment  

• More aware but can prepare better which benefits 'finding' a flow state 
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• Not sure  

• After the Flow training I learn to find flow on my daily task and at my workplace and its help me to be more productive 

• Yes, sometimes 

• Since the Training I'm more mindful of the flow and have learned to use it in favour. This applies to anything which we do in 

everyday life and not just the activity we chose. YES 
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S4, Table 15. Participants’ perceptions of training 

 

Item N Mean (SD) Percentage of 

scores above 

70% 

The training reduced my stress in daily life beyond my activity 26 4.31 (1.26) 54% 

The training helped me feel more confident in handling stressful situations? 26 4.69 (1.32) 57% 

The training helped improve my performance 26 5.00 (1.33) 69% 

The training helped me enjoy my activity more 26 5.15 (1.35) 81% 

I feel that flow training can be applied to my activity 26 5.77 (1.45) 100% 

The training helped me feel more confident in my performance 26 5.27 (1.31) 77% 

Because of the training I feel more confident that I have the necessary skills to find flow in my activity 26 5.46 (1.36) 81% 

Do you believe mental skills training can make a difference to your engagement? 26 6.50 (0.81) 100% 

Do you believe this flow training will make a big difference? 26 5.42 (1.17) 81% 

Note: Items were scored 1-7, where higher scores denote more positive perceptions. 

 

 

 

 

 

 

 

 



S4, Table 16. Pearson Correlations between PFS scores and Aspects of Flow 

Measurement and Preliminary Outcomes 

 

Variable N Range M SD Global Flow 

Flow Intensity 52 1 to 7 4.90 1.33 r = .699, p <.001 

Flow Duration 52 1 to 100 60.23 24.80 r = .311, p =054 

Performance 52 1 to 7 4.71 1.32 r = .727, p <.001 

Choice 52 1 to 7 5.39 1.20 r = .534, p <.001 

Intrinsic Motivation 52 2 to 7 5.19 1.22 r = .892, p <.001 

Competence 52 1 to 7 4.77 1.13 r = .729, p <.001 

Stress 52 1 to 10 -3.32 1.29 r = -.372, p <.01 

Well-being 52 1 to 100 95 22 r = .673, p <.001 

 

Note. All values (except p values) rounded to 2 decimal points. Negative differences for 

stress represent positive reduction in scores. 
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S4, Table 17. Preliminary Assessment of Online Vs In-Person Flow Training  

 

 Mean Percentage 

Variable Online  In-Person  Online In-Person 

Flow (PFS)  5.61 5.2 +36% +22% 

Performance 5.25 5.23 +52% +41% 

Intrinsic Motivation 4.38 4.90 +8% +5% 

Well-Being 107.00 100.91 +57% +12% 

Ability to Handle Stress 5.00 5.27 +35% +133% 

Felt Stress 2.00 2.14 -18% -39% 

Felt Anxiety 2.00 2.00 -39% -27% 

 

Note. All values (except p values) rounded to 2 decimal points. Negative differences for felt 

stress and felt anxiety represent positive reduction in scores. 
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S5 - Supplementary Materials for Chapter 4 – Feasibility Study 

Method - Flow Experience Characteristics 

In addition to the PFS, participants were given direct questions (pre- and post-intervention) 

targeting flow experience characteristics (entry, duration, occurrence, intensity) that have been 

recommended for further examination (see Ellis et al., 2018; Engeser, 2012b; Jackman et al., 2017; 

Moneta, 2012; Swann et al., 2018). To assess self-reported flow entry, participants were asked: 

"The questions above are designed to measure ‘flow’ experiences. Flow is described as 'A total 

engagement in which nothing else matters, actions seem to flow effortlessly - simply participating 

in the act feels satisfying.' Based on your experience and responses to the above items, do you think 

that you experienced ‘flow’ in your recent task/activity?" The response was binary (i.e., 'yes’, ‘no’, 

or ‘unsure') to ensure a discrete measure (see discussions around flow being a discrete and 

continuous construct; Norsworthy et al., 2021; Peifer & Engeser, 2021). If participants answered 

‘no’ to self-reporting being in flow they skipped questions regarding frequency, intensity, and 

occurrence of flow. To assess self-reported flow duration, participants were asked: "What 

percentage of the time were you in flow in relation to the total time (length) of the activity?" A 

percentage score was designated for responses. To assess flow occurrence participants were asked: 

"Was the flow experience a single experience or did you or enter and exit it on multiple occasions 

within the activity?" Ordinal responses ('just once’, ‘on two or three occasions’, ‘multiple 

occasions') were provided. To assess self-reported flow intensity, participants were asked: 

"Referring back to the experience of flow, how strongly did you experience flow?"; a 7-point 

response scale was provided (ranging from very weak to very strong).  

Results - Flow Experience Characteristics 

Flow Entry 

Participants self-reported 'yes' (n = 8), 'unsure’ (n = 8), and 'no' (n = 8) during pre-

intervention measures. In post-intervention measures, participants self-reported 'yes' (n = 21), 
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'unsure' (n = 4), and 'no' (n = 1), suggesting that the perception of flow entry either increased (by 

262%), participants were made more aware of flow states post-intervention, or both.  

Flow Duration 

On average, participants self-reported being in flow, within their given activity, 60.23% (SD 

= 24.8) of the time. Flow duration scores did not positively correlate with PFS scores (r = .311, p = 

.054).  

Flow Occurrence 

 Participants self-reported entering and exiting flow 'once' (n = 2), on '2 or 3 occasions' (n = 

8), and on 'multiple occurrences' (n = 4) during pre-intervention measures. In post-intervention 

measures, participants self-reported being in flow 'once' (n = 2), on '2 or 3 occasions' (n = 13), and 

on 'multiple occurrences' (n = 7), suggesting that entering flow 2 or 3 times was the most common 

occurrence of flow. 

Flow Intensity 

Participants self-reported a mean intensity score of flow of 4.9 (SD = 1.33), increasing by 

11% post-intervention. Total flow intensity scores correlated with total PFS scores (r = .699, p 

<.001).  Also see S1, Table 16, for correlational statistics. 

Preliminary Assessment of Online Vs In-Person Flow Training  

Although examining the difference between online and in-person training was not a primary 

aim of the study—for the interested reader—we have included descriptive findings. Post-

intervention, participants undergoing the training via Zoom (online) self-reported a mean flow score 

of 5.61 (+36%), performance score of 5.25 (+52%), IM score of 4.38 (+8%), well-being score of 

107 (+57%), ability to handle stress score of 5 (+35%), felt stress score of 2 (-18%), and felt anxiety 

score of 2 (-39%); whilst in-person training self-reported a mean flow score of 5.2 (+22%), 

performance score of 5.23 (+41%), IM score of 4.9 (+5%), well-being score of 100.91 (+12%), 

ability to handle stress score of 5.27 (+133%), felt stress score of 2.14 (-39%), and felt anxiety score 
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of 2 (-27%). See S4, Table 17. Participant data were too small to draw conclusions, though initial 

results suggest online training participants reported equally positive or improved results.   
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