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Abstract 23 

Flow is an optimal psychological state associated with exceptional performances and positive 24 

subjective experiences in sport and exercise. Considering these reported benefits, there have been 25 

many attempts to promote flow experiences through interventions. However, there is little 26 

evidence to demonstrate the effectiveness of flow interventions in sport and exercise. This study 27 

aimed to systematically review, synthesise, and evaluate the efficacy of flow interventions in 28 

sport and exercise to date. Twenty-nine empirical studies, published before August 2020 were 29 

identified, primarily comprising single-case designs (41.38%) and quasi-experimental designs 30 

(34.48%). Strategies most commonly reported in flow interventions to date included: 31 

mindfulness (30.03%); hypnosis (17.24%); and imagery (13.79%). While there is evidence that 32 

interventions increased certain dimensions of flow, no studies to date have reported conclusive 33 

evidence that flow was induced through an intervention. None of the included studies were 34 

developed through an intervention development framework, and the strategies employed were 35 

generally only partially related to a conceptual framework of flow. Collectively, these findings 36 

suggest interventions reported to date have largely been unsuccessful at producing flow 37 

experiences. The conceptual, developmental, and methodological issues impacting the quality of 38 

flow interventions are discussed, and recommendations are made to improve the efficacy of flow 39 

interventions in future.  40 

 41 
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Flow is reported to be an intrinsically rewarding psychological state in which individuals 46 

become immersed in an activity, to the point where nothing else seems to matter, and they feel in 47 

complete control, as if everything is happening automatically (Csikszentmihalyi, 1975, 2013). 48 

The traditional conceptualisation of flow consists of nine dimensions (Csikszentmihalyi, 1975, 49 

2013). The first three of these dimensions are the proposed conditions that facilitate the 50 

occurrence of flow (i.e., challenge-skills balance, clear goals, and unambiguous feedback), with 51 

the remaining six representing the characteristics of the experience (i.e., concentration on the 52 

task at hand, sense of control, loss of self-consciousness, action-awareness merging, 53 

transformation of time, and autotelic experience; Nakamura & Csikszentmihalyi, 2002). Flow 54 

experiences are associated with many positive outcomes, including increases in: motivation 55 

(Keller & Bless, 2008; Schüler & Brunner, 2009); engagement (De Fraga & Moneta, 2016; 56 

Hodge et al., 2009); performance (Jackson & Roberts, 1992); and well-being (Schüler et al., 57 

2013). The positive outcomes associated with flow make it highly desirable in diverse contexts 58 

such as: music (e.g., Chirico et al., 2015); video gaming (e.g., Cowley et al., 2008); business 59 

(e.g., Csikszentmihalyi, 2004); and, in particular, sport and exercise (Jackson & Kimiecik, 2008). 60 

Indeed, flow has been studied in sport and exercise since the 1990s (Grove & Lewis, 1996; 61 

Jackson & Roberts, 1992), and has since been the subject of systematic reviews (e.g., Boudreau 62 

et al., 2020; Jackman et al., 2021), narrative reviews (e.g., Swann et al., 2018), book chapters 63 

(e.g., Jackson & Kimiecik, 2008), and books (e.g., Csikszentmihalyi et al., 2017). Thus, flow has 64 

been extensively researched in sport and exercise and, given the associated benefits, 65 

psychological interventions that help to stimulate flow experiences would be highly valued by 66 

athletes, exercisers, coaches, and practitioners (Swann et al., 2018).  67 
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Psychological interventions are defined as "any actions or processes that alter functioning 68 

and/or performance through changes in an individual's thought and behaviour, through social 69 

factors, or through a combination of both individual thought and behaviour and social factors, 70 

respectively" (Brown & Fletcher, 2017, p. 78). A range of flow interventions have been evaluated 71 

in sport and exercise to date, ranging from single-subject interventions (e.g., Pates et al., 2001) to 72 

randomised controlled trials (RCTs) in larger samples (e.g., Glass et al., 2019). Despite the 73 

growing interest in flow, however, uncertainty remains around the efficacy of flow interventions 74 

in sport and exercise. Some researchers, for example, have advocated that "research has provided 75 

evidence that interventions can effectively increase flow state during sport performances" 76 

(Koehn & Díaz-Ocejo, 2016, p. 3); conversely, others report that "[flow] intervention studies 77 

appear to have been relatively unsuccessful" (Swann et al., 2012, p. 816), and state that attempts 78 

to evoke flow may be premature due to limited understanding of the causal determinants of flow 79 

(Jackman et al., 2019; Swann et al., 2018). Indeed, flow is generally considered to be rare and 80 

elusive (Aherne et al., 2011; Csikszentmihalyi et al., 2017), which contradicts the suggestion that 81 

flow interventions have been effective.   82 

Notably, the literature on flow interventions in sport and exercise has not yet been 83 

reviewed systematically. For instance, past systematic reviews have considered: the correlates of 84 

flow experiences in sport (Stamatelopoulou et al., 2018); flow in exercise (Jackman et al., 2019); 85 

and flow in adventure recreation (Boudreau et al., 2020). Four reviews have included some flow 86 

interventions, but these studies were limited to athletes in elite sport (Norsworthy et al., 2017; 87 

Swann et al., 2012), youth athletes (i.e., 5-19 years old; Jackman et al., 2021), or exercise-based 88 

interventions (Jackman et al., 2019). A common theme across existing reviews is the 89 

identification of factors which appear to facilitate (e.g., appropriate focus, confidence, optimal 90 
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motivation, optimal arousal, goal setting) or inhibit (e.g., negative feedback, pressure, anxiety, 91 

overly challenging situational demands) flow in various sport and exercise settings (Boudreau et 92 

al., 2020; Stamatelopoulou et al., 2018; Swann et al., 2012). However, it is often recognised that 93 

examinations of flow are predominantly descriptive, or existing experimental designs lack rigour, 94 

providing little conclusive or causal evidence of flow outcomes in sport and exercise (Boudreau 95 

et al., 2020; Jackman et al., 2019, 2021; Norsworthy et al., 2017; Swann et al., 2012). More 96 

importantly, no systematic reviews have provided a comprehensive evaluation of the 97 

developmental procedures and rationales that underpin flow interventions in sport and exercise. 98 

Considering the potential of flow research in sport and exercise, and the uncertainty regarding 99 

the efficacy of interventions to date, a systematic review focusing specifically on the efficacy and 100 

development of flow interventions in sport and exercise is important and timely. Indeed, 101 

systematic reviews in sport and exercise often advance knowledge and provide recommendations 102 

for applied practice more effectively than primary research (Tod, 2019). Specifically, a 103 

systematic examination of this nature could help to: synthesise and describe the quality of 104 

evidence of effective flow interventions; highlight research gaps and future directions; and 105 

ideally, provide athletes, exercisers, coaches, and practitioners with evidence-based 106 

recommendations for experiencing flow (cf. Pope et al., 2007; Tod, 2019).     107 

Therefore, this study aimed to systematically review the efficacy of published flow 108 

interventions in sport and exercise, in order to establish what skills, strategies, and intervention 109 

development procedures are most suitable for promoting flow in applied sport and exercise 110 

settings. Specifically, this review sought to address four questions: (i) how effective are flow 111 

interventions?; (ii) what types of samples, strategies, and tasks have been included in flow 112 

interventions?; (iii) what are the quality of methods, designs, and measures used to test flow 113 
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interventions?; and (iv) how have flow interventions been developed, implemented, and 114 

evaluated? In doing so, this systematic review ultimately seeks to build knowledge that helps 115 

researchers, coaches, and practitioners promote flow in sport and exercise more frequently and 116 

consistently, enabling performers to experience the many positive outcomes associated with this 117 

psychological state more often. 118 

Method 119 

Protocol 120 

The review was registered with PROSPERO (CRD42020154222) and followed 121 

guidelines for the preferred reporting items for systematic reviews and meta-analysis (PRISMA) 122 

(Moher et al., 2009; see Supplementary file 1). 123 

Information Sources and Search Strategy 124 

An online literature search was conducted in eight electronic databases, comprising: 125 

CINAHL; MEDLINE; PsycARTICLES; PsycINFO; PubMed; Scopus; SPORTSDiscus with Full 126 

Text; and Web of Science (Core Collection). The search was run twice; the initial search was 127 

conducted on November 8th 2019, with the final search conducted on August 31st 2020. To find 128 

articles relevant to the review, the following Boolean search term combinations were used: [flow 129 

AND (state* OR experienc* OR theory)] AND (Sport* OR Athlet* OR Play* OR Exer* OR 130 

("Physical* Activ*") OR Health* OR Fit* OR Gym* OR Perform*) AND (Interven* OR 131 

Enhanc* OR Increas* OR Promot* OR Induc* OR Control* OR Generat* OR Mediat* OR 132 

Moderat* OR Effect* OR Train* OR Experiment* OR Facilitat*) AND (Psycholog*) NOT 133 

("Exrat* Flow" OR "Optic* Flow" OR "*Water Flow" OR "Blood Flow" OR "Gene* Flow" OR 134 

"Cash Flow"). These keywords were chosen based on: initial scoping searches by the first author; 135 

critical discussion between the first, second, and fourth authors; and similar systematic review 136 
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search strategies conducted on flow (Jackman et al., 2019; Norsworthy et al., 2017; Swann et al., 137 

2012). Search terms were adapted appropriately to suit each database. Additionally, all terms 138 

were truncated, and synonyms for sport, exercise, and intervention were used to ensure the 139 

search was comprehensive (Siddaway et al., 2019; see Supplementary File 2 for full search 140 

strategy). All retrieved titles and abstracts were imported into Zotero reference management 141 

software (Corporation for Digital Scholarship, USA). Duplicate articles were then removed, with 142 

1979 articles removed through the duplicate removal feature in Zotero, and 39 removed through 143 

manual screening. 144 

Eligibility Criteria 145 

The inclusion and exclusion criteria were developed to ensure retrieved material 146 

remained relevant to the research questions and scope of the review (Gough & Thomas, 2012). 147 

Studies included were those that used an intervention or form of manipulation in an attempt to 148 

facilitate flow in sport or exercise participants. Specifically, to be eligible for this review, studies 149 

needed to: (a) be peer-reviewed journal articles published in the English language; (b) include 150 

original, empirical data; (c) be published or in press prior to the end of August 2020; (d) refer to 151 

flow (the psychological state, as opposed to unrelated topics such as blood flow) and sport1 or 152 

exercise2 as defined by the World Health Organisation (WHO, 2018); (e) attempt to 153 

experimentally, or quasi-experimentally induce, facilitate, or enhance flow during sport or 154 

                                                 

 

1 “An activity involving physical exertion, skill and/or hand-eye coordination as the primary focus of the 

activity, with elements of competition where rules and patterns of behaviour governing the activity exist 

formally through organizations; and may be participated in either individually or as a team” (WHO, 2018, 

p. 101). 
2 “A subcategory of physical activity that is planned, structured, repetitive, and purposive, in the sense 

that the improvement or maintenance of one or more components of physical fitness is the objective” 

(WHO, 2018, p. 98). 
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exercise as part of the intervention; and (f) examine flow as a primary outcome measure (i.e., all 155 

study measures were considered primary outcomes unless clearly stated otherwise). Studies were 156 

excluded if they: (g) involved participants in activities that were not relevant to the review 157 

objectives; and (h) do not contain an attempt to experimentally manipulate flow (this 158 

encompasses all studies that do not take some form of flow measure pre and post-intervention 159 

delivery - see PROSPERO registration for further details of eligibility criteria). 160 

Screening Process 161 

Initially, the first and third authors independently screened all titles and abstracts against 162 

the eligibility criteria. A meeting then took place to discuss the results of the screening process 163 

and resolve any discrepancies. Minor discrepancies resolved during this early phase involved 164 

determining when flow was considered a ‘primary measure’ of a study, and whether an 165 

experimental manipulation of flow had taken place. During these initial stages, studies were 166 

retained if there were doubts about eligibility, as subsequent screening provides greater 167 

specificity (cf. Siddaway et al., 2019). Full-text manuscripts were then obtained for any studies 168 

that referred to interventions or possible experimental manipulations of flow in sport and 169 

exercise. The first author then conducted a manual search for any relevant articles not retrieved 170 

by the database search, which involved screening the reference lists of identified studies, and 171 

forward searching citations from identified studies using Google Scholar. This process was 172 

repeated for all articles identified through manual searching until no further relevant articles 173 

were identified. To finalise the eligible studies, the first and third authors compared and 174 

discussed the full text of remaining studies against the eligibility criteria. The inter-rater 175 

agreement for full-text article eligibility indicated an almost perfect agreement ( = .83), 176 

although 10 articles were considered borderline cases. Accordingly, the fourth author acted as a 177 
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critical friend to offer critical feedback and help resolve these discrepancies if possible (Smith & 178 

McGannon, 2018; see Supplementary file 3 for additional information).  179 

Data Extraction and Synthesis 180 

After finalising the included studies, the first author extracted the following data: authors; 181 

date of publication; participant information (sample size, mean age, population, athletic 182 

standard); study design; intervention procedure; measure(s) of flow (i.e., state or dispositional); 183 

key outcomes; and intervention development rationale. Key findings from included studies were 184 

reviewed and synthesised through narrative synthesis (Siddaway et al., 2019). A narrative 185 

synthesis "relies primarily on the use of words and text to summarise and explain the findings of 186 

the synthesis" (Popay et al., 2006, p. 5). This type of synthesis is often employed to assist or 187 

replace specialist statistical syntheses, which produces a reliable story, addresses the review 188 

questions, and explains the significance of the outcomes (Thomas et al., 2012). The decision to 189 

synthesise the data without a meta-analysis was due to the heterogeneity in: study designs; 190 

intervention approaches; outcome measures; and statistical reporting. The outcomes of single-191 

case design studies, for example, are usually evaluated by visually inspecting the reliability or 192 

consistency of the graphed data, rather than traditional statistical evaluation (Kazdin, 1982). As 193 

such, the effectiveness of single-case designs were assessed using Hrycaiko and Martin's (1996) 194 

four indicators of effective intervention guidelines3, which were employed by each of the single-195 

case design studies. Once the initial data were extracted, a preliminary synthesis of the 196 

                                                 

 

3 According to Hrycaiko and Martin (1996), intervention effectiveness can be determined by: (a) baseline 

performance that is stable or in a direction opposite to that predicted for the effects of treatment; (b) the 

greater the number of times that an effect is replicated within the subject’s data; (c) the fewer the number 

of overlapping data points between baseline and treatment phase; (d) the sooner the effect occurs 

following the introduction of treatment; and (e) the larger the size of the effect in comparison to baseline. 
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intervention strategies and their efficacy was conducted. This involved grouping intervention 197 

types and describing the direction and quality of evidence. Subsequently, the intervention 198 

development procedures were assessed to examine any potential relationships across the data, 199 

which might explain any differences in outcomes (Popay et al., 2006). Specifically, this involved 200 

assessing the development frameworks, conceptual underpinnings, and evaluation criteria across 201 

all intervention studies.        202 

Quality Assessment 203 

To assess the quality of studies included in the review, we employed the Mixed Methods 204 

Appraisal Tool (MMAT; Hong et al., 2018). The MMAT was developed to assess the quality of 205 

qualitative, quantitative, or mixed methods studies, and permits the appraisal of five study 206 

categories: qualitative research; randomised controlled trials; non-randomized studies; 207 

quantitative descriptive studies; and mixed methods studies. A variety of research methods and 208 

designs are evident in the flow literature (e.g., Boudreau et al., 2020; Jackman et al., 2019; 209 

Norsworthy et al., 2017; Swann et al., 2012) and, hence, the MMAT was considered suitable to 210 

account for this variation. The updated 2018 version of the MMAT tool removed the calculation 211 

of overall scores and instead encourages responses of "yes", "no", and "can’t tell”. This revised 212 

format provides a more detailed and informative presentation of the quality of included studies 213 

(Hong et al., 2018). Considering the complications and limitations associated with calculating 214 

summary scores (Siddaway et al., 2019), and its successful application in other systematic 215 

reviews in sport and exercise psychology (e.g., Boudreau et al., 2020; Gröpel & Mesagno, 2019), 216 

the MMAT was deemed most appropriate for this review. All studies were independently 217 

appraised by two reviewers (cf. Milner, 2015). The first author appraised all studies, while the 218 

second, third, or fourth author appraised one-third of the studies respectively. The inter-rater 219 
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reliability co-efficient indicated a moderate level of agreement ( = .60). Any discrepancies were 220 

resolved through critical discussions, with unresolved discrepancies finalised by the other two 221 

authors if required. A summary of the quality assessment using the MMAT is presented in Table 222 

1 (additional details are provided in Supplementary file 4).  223 

INSERT TABLE 1 AROUND HERE 224 

Results 225 

The results of the screening process are illustrated in Figure 1. A total of 29 articles met 226 

the inclusion criteria and were included in the review. The majority of excluded studies did not 227 

include an experimental manipulation of flow with comparable control conditions (n = 32). 228 

Studies were excluded when: they did not include original empirical data (e.g., Alla & Ajibua, 229 

2012; Carraça et al., 2019) flow was considered a secondary outcome measure (i.e., flow was 230 

reported as an additional, or supplementary, measure; e.g., Gucciardi et al., 2009; Shirzad & Van 231 

Der Loos, 2016); or studies were not published in a peer-reviewed journal (e.g., Koehn et al., 232 

2006). The date of included studies ranged between 2000 and 2020, and comprised 29 233 

quantitative studies4. While flow intervention studies have been conducted across both sport and 234 

exercise, the majority of studies sampled athletes and/or measured flow in the context of sport (n 235 

= 23, 79.31%) rather than exercise. Table 1 presents a summary of all sample characteristics, 236 

study characteristics, and interventions procedures. 237 

INSERT FIGURE 1 AROUND HERE 238 

                                                 

 

4 Some papers included a qualitative component; however, these data were not included in the review 

because they did not explicitly analyse flow outcomes (e.g., Briegel-Jones et al., 2013).   
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Sample Characteristics 239 

Studies eligible for this review included 757 participants: 506 (66.84%) were male, 247 240 

(32.63%) were female, and four (0.53%) were unspecified. The majority of participants were 241 

healthy active adults (n = 413; 54.56%). Using criteria for the categorisation of elite performance 242 

in sport (Swann, Moran, et al., 2015), the remaining 313 participants (reported as athletes) were 243 

classified as: amateur (n = 71; 9.38%); semi-elite (n = 183; 24.17%); competitive elite (n = 77; 244 

10.17%); or successful elite (n = 13, 1.71%). Lastly, the most common types of sports 245 

represented were: soccer (n = 67); cycling (n = 60); golf (n = 37); baseball (n = 22); and 246 

swimming (n = 22). 247 

Study Characteristics 248 

Design 249 

The included intervention studies comprised: single-case designs (k = 12; 41.38%); quasi-250 

experimental designs (k = 9; 34.48%); and randomised control trials (RCTs; k = 7; 24.17%). The 251 

most frequently utilised design—single-case design—included a total of 43 participants, with an 252 

average sample size of 3.58 (SD = 1.11). The quasi-experimental designs included 340 253 

participants, with an average sample size of 34.00 (SD = 25.00). The RCTs involved a total of 254 

374 participants, with an average sample size of 53.43 (SD = 37.77). Overall, these studies 255 

included considerable variation in the design of flow intervention studies, and in turn, the sample 256 

sizes recruited across the studies.  257 

Flow Conceptualisation 258 

Csikszentmihalyi's (1975, 2013) nine dimensions framework was the most common 259 

conceptualisation underpinning measures used to assess flow in the reviewed interventions (n = 260 

28; 96.55%). Park and Noh (2017) did not specify the conceptualisation of flow they adopted, 261 
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while Lee et al. (2018) conceptualised flow using the nine dimensions framework 262 

(Csikszentmihalyi, 1975, 2013), but measured flow using a questionnaire based on Engeser and 263 

Rheinberg's (2008) eight dimensions conceptualisation. Regardless, the dominance of the 264 

Csikszentmihalyi's (1975, 2013) nine dimensions in the development of flow dimensions reflects 265 

the prevalence of this conceptualisation across the sport and exercise literature more broadly 266 

(Jackson & Kimiecik, 2008; Swann et al., 2018). 267 

INSERT TABLE 2 AROUND HERE 268 

Intervention Strategies 269 

The most common intervention strategy was mindfulness (n = 9; 31.03%). Mindfulness-270 

based interventions focused on teaching the application of mindfulness skills in sport and 271 

exercise contexts to help participants experience flow (e.g., MBSoccerP - Carraça et al., 2018; 272 

MSPE - Kaufman et al., 2009; MiCBT - Scott‐Hamilton et al., 2016). However, the application 273 

of mindfulness often differed; for example, one study investigated how mindfulness training 274 

relates to the experience of flow while running using different attentional strategies (Hill et al., 275 

2020). Another study investigated the effects of a yoga intervention, but also proposed 276 

mindfulness as a mediator of the yoga-flow relationship, as the authors asserted that 277 

“participation in yoga has the potential to enhance mindfulness and may also have a beneficial 278 

effect on athletes’ flow dispositions and, subsequently, performance” (Briegel-Jones et al., 2013, 279 

p. 350). The next most common strategies employed in flow interventions were hypnosis (k = 5; 280 

17.24%), and imagery (k = 4; 13.79%), both of which aimed to assist participants in mentally 281 

creating, recreating, or rehearsing an optimal sporting experience. Three studies (10.34%) 282 

examined the effects of a music-based intervention on flow, and three studies (10.34%) examined 283 

how exergaming interventions affect flow. Lastly, four studies (13.79%) combined various 284 
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strategies (e.g., music, imagery, education, goal-setting, self-talk) into multi-component 285 

interventions. Taken together, the majority (k = 20; 68.96%) of flow intervention strategies to 286 

date are based upon improving or applying a psychological skill (e.g., mindfulness, imagery, 287 

hypnosis) to increase dispositional (i.e., the frequency or propensity with which people 288 

experience flow in a particular activity) or state flow (i.e., the intensity or degree to which people 289 

experience flow in a recent activity). Music tempo and synchronicity, video game features, and 290 

flow-focused education sessions have all been employed to a lesser extent. 291 

The purpose of the flow intervention studies was varied. Twenty-one studies (72.41%) 292 

aimed to increase flow intensity, five studies (17.24%) sought to increase dispositional flow, and 293 

three studies (10.34%) assessed both flow intensity and dispositional flow. One study reported an 294 

unspecified global measure of flow, but it was not possible to determine if the intervention aimed 295 

to increase state or dispositional flow (3.45%; Park & Noh, 2017). The results of these 296 

intervention studies are summarised in Tables 3 and 4.  297 

INSERT TABLE 3 AROUND HERE 298 

INSERT TABLE 4 AROUND HERE 299 

Intervention Outcomes 300 

The following section discusses the reported outcomes and potential efficacy of the 301 

interventions. As there was substantial variation in: methods; designs; participants; and tasks; the 302 

studies are grouped and synthesised based on the intervention strategy employed. The 303 

interventions are presented in order of the most-commonly occurring strategy, with sub-sections 304 

displaying the dispositional and state flow outcomes separately. 305 
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Mindfulness-Based Interventions 306 

Of the reported mindfulness-based interventions, four studies examined dispositional 307 

flow, three studies examined flow intensity, and one study examined both.  308 

Dispositional Flow. Increases to global scores in dispositional flow were reported for 309 

those following mindfulness programs compared to a control group (Carraça et al., 2018; Scott‐310 

Hamilton et al., 2016), and for those in a group with greater adherence to a mindfulness program 311 

(i.e., participants attending an average of 7.4 sessions compared to 3.1 sessions out of a possible 312 

8; Scott-Hamilton & Schutte, 2016). However, significant changes were reported for only some 313 

of the nine flow dimensions (n = 6, Carraça et al., 2018; n = 3, Scott‐Hamilton et al., 20165; n = 314 

5, Scott-Hamilton & Schutte, 20164). Two mindfulness interventions (Glass et al., 2019; 315 

Kaufman et al., 2009) did not report any significant changes in dispositional flow. As such, 316 

global dispositional flow was reported to significantly increase in three of five mindfulness-317 

based interventions, although significant increases were only reported in certain dimensions of 318 

flow, with six (66%) of Csikszentmihalyi’s nine dimensions the most reported to have changed. 319 

Therefore, the evidence for the impact of mindfulness interventions on dispositional flow was 320 

mixed.  321 

State Flow. Significant increases in global scores for state flow were reported for all five 322 

studies, including comparisons of those participating in mindfulness training compared to a 323 

control group (Aherne et al., 2011; Hill et al., 2020; Perry et al., 2017), and across time (Chen et 324 

al., 2019; Kaufman et al., 2009). However, significant increases were only reported for one 325 

(Kaufman et al., 2009) or two (Aherne et al., 2011) of the nine flow dimensions, with other 326 

                                                 

 

5 Scott-Hamilton et al. used a modified version of the DFS (Jackson & Eklund, 2002, 2004) which 

removed the transformation of time subscale. 
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studies not measuring or reporting changes to any flow dimensions (Chen et al., 2019; Hill et al., 327 

2020; Perry et al., 2017). Hence, despite all five mindfulness studies reporting significant 328 

increases in global state flow, the evidence should be treated with caution given changes were, at 329 

best, only evident for two of the nine flow dimensions. 330 

Hypnosis-Based Interventions 331 

All five hypnosis-based interventions employed a single-case design and measured state 332 

flow. Mean global flow scores increased in all hypnosis interventions (Lindsay et al., 2005; 333 

Pates, 2013; Pates et al., 2001, 2002), although no subscales were reported and one of the three 334 

participants in Pates and Maynard (2000) decreased in flow. Pates (2013) reported outcomes that 335 

satisfied all indicators of effective intervention guidelines (Hrycaiko & Martin, 1996), while two 336 

studies satisfied three indicators (the stability of baseline scores were not reported; Pates et al., 337 

2001, 2002). The remaining hypnosis interventions reported some overlapping data points and no 338 

change to flow scores immediately after the introduction of the intervention (Lindsay et al., 339 

2005; Pates & Maynard, 2000). Small increases to flow scores indicate the potential use of 340 

hypnosis as a flow intervention strategy (Pates, 2013), but the findings were small in magnitude 341 

(i.e., based on visual inspection guidelines) and varied greatly across studies and participants. As 342 

such, there is little conclusive support for the effectiveness of hypnosis interventions on state 343 

flow.  344 

Imagery-Based Interventions 345 

Four of the imagery-based intervention studies measured state flow, while one study 346 

examined changes to both state and dispositional flow.  347 

State Flow. In a quasi-experimental study, Alanagh and Atashgahian (2017) reported 348 

significant increases to global flow after 10 semi-professional shooters practised either cognitive 349 
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imagery or motivational imagery for a period of nine weeks, compared to a control, although no 350 

effect size or flow subscales were reported. Similarly, all three single-case design interventions 351 

showed positive increases to global state flow (Koehn et al., 2014; Koehn & Díaz-Ocejo, 2016; 352 

Nicholls et al., 2005); however, no subscale results were reported, and some participants’ mean 353 

flow scores were found to decrease after practising imagery (Koehn et al., 2014; Nicholls et al., 354 

2005). The significance and size of these changes in flow are difficult to quantify using visual 355 

inspection (Kazdin, 1982), but no single-case design was reported to satisfy all of Hrycaiko and 356 

Martin's (1996) five indicators of effective interventions (see Table 2). As such, evidence for the 357 

effectiveness of imagery-based state flow interventions is limited.     358 

Dispositional Flow. The single-case design study conducted by Nicholls et al. (2005) 359 

constituted the only imagery-based intervention developed to increase dispositional flow. This 360 

study reported increases in all four participants, with these changes occurring near the start of the 361 

intervention phase. However, baseline scores were not stable, data points overlapped between 362 

phases, and findings were limited to a single study, suggesting that evidence for the effects of 363 

imagery on dispositional flow should be interpreted with caution.  364 

Multi-Component Interventions 365 

State Flow. Multi-component interventions studies included one RCT (Kawabata, 2018) 366 

and three single-case designs (Norsworthy et al., 2018; Pain et al., 2011; Pates et al., 2012), all of 367 

which measured state flow. Two intervention groups receiving education on the conditions of 368 

flow in Kawabata’s (2018) RCT reported significant increases to global flow, including two of 369 

nine flow subscales, compared to a control group during the last three weeks of a 10-week 370 

intervention. Single-case designs examining multifaceted interventions showed positive 371 

increases in global flow when combining: music and imagery (Pain et al., 2011); education, goal-372 
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setting, self-talk, and mindfulness (Norsworthy et al., 2018); and imagery and self-talk (Pates et 373 

al., 2012). However, these studies failed to meet all of the indicators of effective interventions 374 

(see Table 3), and two studies did not report the findings regarding individual flow subscales. 375 

Norsworthy et al. (2018) reported increases in all flow subscales except for transformation of 376 

time in one participant, representing stronger evidence of an effective flow intervention. That 377 

said, the sample size was small (n = 4), and it is difficult to determine what components of the 378 

intervention were responsible for the effects. Altogether, there is evidence that multi-component 379 

interventions can positively impact flow, but the quality of evidence is limited and further 380 

investigation (e.g., in larger group designs) could help determine which types and component 381 

combinations are most effective. 382 

Music-Based Interventions 383 

State Flow. Two quasi-experimental studies (Karageorghis et al., 2008; Karageorghis & 384 

Jones, 2014) and one single-case design study (Pates et al., 2003) examined music-based 385 

interventions and state flow. The quasi-experimental studies suggest that listening to music when 386 

exercising can increase global flow compared to a no-music control condition (Karageorghis et 387 

al., 2008; Karageorghis & Jones, 2014). However, flow subscales were not able to be reported in 388 

either of these studies (the shortened version of the flow state scale [S FSS-2; Jackson et al., 389 

2008] cannot calculate subscales). The only single-case design intervention reported increases in 390 

global flow across baseline and post-intervention phases for all three participants (Pates et al., 391 

2003). This effect, however, was not always replicated between conditions, the increases to flow 392 

did not occur immediately after the introduction of the intervention, and overlapping data points 393 

were observed between phases. Therefore, all three studies reported promising evidence for the 394 

use of music to increase state flow. 395 
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Exergaming-Based Interventions 396 

State Flow. Two RCTs (Barry et al., 2016; Lee et al., 2018) and one quasi-experimental 397 

study (Park & Noh, 2017) examined exergaming-based interventions and state flow. One RCT 398 

(Barry et al., 2016) reported significant increases to six of nine flow subscales for those 399 

exergaming compared to a traditional exercise control group when controlling for baseline 400 

scores, however, the global flow scores were not reported, and no significant time by exercise 401 

interactions were observed for any flow subscales. These reported findings suggest there were 402 

increases to some but not all dimensions of flow, and only when controlling for flow measures 403 

taken at baseline, representing low quality evidence that participants experienced flow. Other 404 

exergaming interventions reported significant increases to flow over time through the Köhler 405 

effect6 (Lee et al., 2018), and by augmenting the interactivity in an exergaming mobile 406 

application (Park & Noh, 2017). It should be acknowledged that these studies were the only two 407 

that did not measure flow with a variation of the Flow State Scale-2 (FSS-2) or Dispositional 408 

Flow Scale-2 (DFS-2; Jackson & Eklund, 2002, 2004) and, instead, flow was measured using the 409 

Flow Short Scale (FShS; Engeser & Rheinberg, 2008) or unvalidated measures of “exercise 410 

flow” (Park & Noh, 2017, p. 1679), which both only provide an overall global score (i.e., no 411 

subscales for any dimension of flow). Collectively, exergaming-based interventions have shown 412 

some initial evidence of effectively facilitating flow, but these findings are limited as they are 413 

based on smaller exploratory designs or unreliable flow measures. 414 

                                                 

 

6 The Köhler effect occurs when a less capable member of a group displays greater motivation and effort, 

relative to their performance as an individual (Kerr & Hertel, 2011). 
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Yoga-Based Interventions 415 

Dispositional Flow. The quantitative component of a mixed-methods study explored the 416 

effect of a yoga intervention on dispositional flow in youth swimmers (Briegel-Jones et al., 417 

2013). Yoga was reported to have no significant effect on global flow scores, and the use of the 418 

Short Dispositional Flow Scale-2 (S DFS-2; Jackson et al., 2008) meant that no flow subscales 419 

could be reported. Based on this study alone, there is no available evidence that yoga can 420 

increase dispositional flow.   421 

Intervention Development 422 

While some authors of the reviewed studies highlighted the need for theory to underpin 423 

the development of flow interventions (e.g., Kawabata, 2018; Koehn et al., 2014; Koehn & Díaz-424 

Ocejo, 2016), none of these interventions referenced a recognised intervention development 425 

guideline, framework, or methodology7. Accordingly, the rationale for how the interventions 426 

aimed to bring about change (i.e., mechanisms of action; Carey et al., 2019) were often unclear, 427 

or were not matched to a theoretical explanation. The interventions eligible for this review either: 428 

contained no clear or established link to the occurrence of flow (n = 14);  included strategies that 429 

conceptually overlap with or have associations with flow (n = 11); were developed to match the 430 

theorised conditions of flow (Nakamura & Csikszentmihalyi, 2002; n = 3); or were developed to 431 

match various dimensions of flow (n = 1). Therefore, flow interventions appear to lack any 432 

formal development guidance, which impacts the identification of mechanisms of actions, and 433 

subsequently, the selection of appropriate intervention skills and strategies for experiencing flow. 434 

                                                 

 

7 Hill et al. (2020) alluded to a pilot study that helped determine the length of their intervention, but no 

other developmental procedures were discussed.  
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A summary of the conceptualisations, developmental rationales, and evaluations of the 435 

development is presented in Table 4. 436 

INSERT TABLE 5 AROUND HERE 437 

Discussion and Recommendations 438 

This systematic review aimed to synthesise and evaluate existing research on flow 439 

interventions in sport and exercise in terms of: (i) how effective flow interventions have been to 440 

date; (ii) what types of participants, strategies, and tasks have been employed; (iii) the quality of 441 

methods, designs, and measures used; and (iv) how flow interventions have been developed, 442 

implemented, and evaluated. The first flow interventions in this field were published in the early 443 

2000s (Pates et al., 2001, 2002; Pates & Maynard, 2000), and since then, a relatively high 444 

number of intervention studies (k = 29) have been published. Close to half of the included studies 445 

(k = 14; 48.28%) were published in the five years before this review (i.e., 2016-2020), which 446 

suggests a growing interest in the application of flow in sport and exercise. Despite this growth, 447 

however, it is difficult to confidently conclude that flow interventions have been effective. 448 

Indeed, the findings of this review suggest that there is substantial variation in the: strategies 449 

employed; research designs used; approaches to measurement; intervention development 450 

procedures and rationales; and, in turn, the efficacy of flow interventions. These issues are 451 

discussed in the following sections, before future directions for flow interventions in sport and 452 

exercise are presented. 453 

This systematic review builds on those previously conducted on flow in sport (Jackman 454 

et al., 2021; Norsworthy et al., 2017; Stamatelopoulou et al., 2018; Swann et al., 2012) and 455 

exercise (Jackman et al., 2019) by focusing specifically on interventions attempting to facilitate 456 

this psychological state (i.e., others have focused on broader issues which has limited the detail 457 
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on the interventions themselves). The current study also sought to address contradictory 458 

statements regarding flow facilitation in this literature; that is, some researchers have suggested 459 

that interventions can effectively increase flow (Koehn & Díaz-Ocejo, 2016; Scott‐Hamilton et 460 

al., 2016), while others have suggested that flow interventions have been unsuccessful (Swann et 461 

al., 2018). Flow interventions to date have primarily assessed state (rather than dispositional) 462 

flow (k = 22; 75.86%). The most common strategy used in these flow interventions was 463 

mindfulness (k = 9, 31.03%), while other strategies included: imagery; hypnosis; music; 464 

exergames; yoga; and multi-component interventions. The interventions were typically delivered 465 

over a series of sessions, either by a trained practitioner or through the self-directed use of audio 466 

recordings of an initial session. These interventions were most often conducted using within-467 

between subjects designs (k = 13; 44.83%) or single-case studies (k = 13; 44.83%). Based on the 468 

measures reported above, promising examples of flow interventions in sport and exercise to date 469 

include a program designed to teach participants how to satisfy proposed conditions of flow in 470 

physical activity settings (i.e., clear goals, unambiguous feedback, challenge-skill balance; 471 

Nakamura & Csikszentmihalyi, 2002), which was tested using a larger, more robust RCT design 472 

(Kawabata, 2018). Similarly, mindfulness-based interventions were rigorously tested and some 473 

provided evidence that mindfulness could facilitate certain dimensions of flow (Aherne et al., 474 

2011; Hill et al., 2020; Scott‐Hamilton et al., 2016).     475 

The Efficacy of Flow Interventions in Sport and Exercise 476 

Despite some promising examples, flow interventions have generally been reported as 477 

ineffective. While many studies have reported significant increases to flow, these increases are 478 

often limited to certain dimensions of a flow experience. For example, of the seven RCT designs, 479 

five studies (71.43%) reported increases in global flow; however, taken together, significant 480 
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increases were only reported in seven of 26 (26.92%) possible dimensions of flow when 481 

measured (i.e., some RCTs did not take measures of flow subscales; Lee et al., 2018; Perry et al., 482 

2017). Similarly, 11 of 12 (91.67%) single-case design studies solely reported global flow scores, 483 

and rarely met all of Hrycaiko and Martin's (1996) indicators of effective interventions. Overall, 484 

these findings indicate low-quality, inconclusive evidence for the majority of flow interventions. 485 

For example, no interventions to date have reported significant increases in global flow scores 486 

and significant increases in each of the flow dimensions, or adequately explored these flow 487 

experiences using qualitative procedures. Therefore, the outcomes of this review illustrate that 488 

only minimal progress has been made in addressing flow’s rare and elusive reputation (Aherne et 489 

al., 2011; Csikszentmihalyi et al., 2017) and we support the findings of previous systematic 490 

reviews (Jackman et al., 2019; Swann et al., 2012) by suggesting flow interventions have been 491 

largely unsuccessful in athletes and exercisers. 492 

Methodological Critique 493 

A number of methodological issues were found across the flow interventions conducted 494 

to date, which arguably contributed to the low efficacy observed. The majority of questions over 495 

these interventions, however, stemmed from the issues in the componential measurement of flow 496 

(i.e., a variation of the FSS-2 or DFS-2; Jackson & Eklund, 2002, 2004). A large proportion of 497 

the reviewed studies (k = 24, 82.76%) used a componential measure of flow which include sub-498 

scales for each of the proposed nine dimensions of flow (Csikszentmihalyi, 1975, 2013), plus a 499 

cumulative global flow score (Moneta, 2021). Importantly, interpreting componential measures 500 

is problematic as changes observed in some, but not all dimensions, are unlikely to represent the 501 

full extent of a flow experience, and it is assumed that all dimensions of flow are weighted 502 

equally. To illustrate, a participant’s concentration and sense of control may increase, but this 503 
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does not constitute a flow experience. Similarly, high scores on two or three dimensions, but no 504 

changes to other dimensions, could still produce changes to global scores (see Moneta, 2021, for 505 

an expanded discussion). Issues in the measurement of flow are not limited to the evaluation of 506 

flow interventions (Jackman et al., 2017; Moneta, 2021; Swann et al., 2018), but it appears to 507 

impact the quality of evidence significantly, and thus, conclusions around the efficacy of flow 508 

interventions in sport and exercise. 509 

While there are issues inherent within componential measures of flow, the reporting and 510 

interpretation of intervention outcomes using these measures was varied, resulting in diverse 511 

outcomes that are difficult to compare. For instance, studies have reported: global scores only 512 

(e.g., Chen et al., 2019); global scores and certain dimensions (with inconsistency as to which 513 

dimensions are included; e.g., Scott‐Hamilton et al., 2016); or dimensions only (e.g., Barry et al., 514 

2016). Similarly, studies are inconsistent in their reporting of what constitutes flow. Some 515 

authors concluded that flow experiences had been successfully produced based on significant 516 

increases in: global scores only (e.g., Perry et al., 2017); global scores and only two of the nine 517 

dimensions (e.g., Aherne et al., 2011); or six of nine dimensions (e.g., Barry et al., 2016). In light 518 

of the issues with the componential measures of flow discussed, it was surprising that no studies 519 

have employed qualitative methods that would allow participants to articulate whether they 520 

experienced flow as a result of the intervention, especially considering the suitability of 521 

qualitative methods for exploring subjective experiences (Jackson & Kimiecik, 2008).   522 

Flow interventions in sport and exercise have generally utilised small-scale studies (e.g., 523 

single-subject designs, k = 12, 41.38% of studies reviewed). Although underpowered and small 524 

samples are not uncommon in sport and exercise psychology—particularly experimental 525 

studies—they can lead to inflated effect sizes and false-positive results (Schweizer & Furley, 526 
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2016). Indeed, many of the experimental group studies (k = 8, e.g., Aherne et al., 2011) 527 

acknowledged the exploratory nature of their research. As such, the prevalence of small-scale 528 

designs used to evaluate flow interventions in sport and exercise can arguably only produce 529 

preliminary or tentative evidence for the efficacy of interventions. Evidence from larger, more 530 

rigorous designs, such as those employed by (Glass et al., 2019) and (Kawabata, 2018) in this 531 

review, are, therefore, required to move towards a stronger evidence base. 532 

The purpose and delivery of the interventions varied among the studies. While all 533 

interventions attempted to increase flow during sport or exercise, they were usually designed to 534 

increase either the intensity (state flow; k = 22) or frequency (dispositional flow; k = 5) of flow, 535 

with few studies evaluating both (k = 2). Although the evidence is minimal, it appears that 536 

interventions attempting to promote state flow provide more promise than interventions 537 

attempting to increase dispositional flow (see Tables 2 and 3). Interventions attempting to 538 

increase dispositional flow in this review were delivered and assessed over eight weeks, on 539 

average, which perhaps was not long enough to produce observable changes. Interestingly, in 540 

studies that measured both state and dispositional flow, no changes were reported for 541 

dispositional flow, whilst global state flow significantly increased (Kaufman et al., 2009). This 542 

may suggest that the intensity of flow experiences was not necessarily predicated by, or directly 543 

related to, dispositional qualities. Indeed, without an efficacious intervention for the inducement 544 

of flow states, it is difficult to proceed with interventions that seek to increase the frequency of 545 

such experiences.  546 

Intervention Development 547 

Ideally, interventions should be developed and tested using a systematic and rigorous 548 

process, for example, by “using a carefully phased approach, starting with a series of pilot 549 
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studies targeted at each of the key uncertainties in the design, and moving on to an exploratory 550 

and then a definitive evaluation” (Craig et al., 2008, p. 2). Accordingly, there are a variety of 551 

recognised approaches to intervention development, which detail the specific key actions to 552 

consider throughout the process (see O’Cathain, Croot, Sworn, et al., 2019 for a review). None 553 

of the studies included in this review, however, followed or referred to a recognised intervention 554 

development framework or procedure. This suggests that the interventions were not developed in 555 

accordance with the highest quality standards (i.e., by following a recognised framework). 556 

Therefore, the absence of appropriate intervention development frameworks and guidelines in 557 

this field may be one factor contributing to the low efficacy of flow interventions to date. 558 

Furthermore, the reviewed studies often did not hypothesise explicit rationales or 559 

mechanisms explaining why different intervention strategies would facilitate flow. Where such a 560 

rationale was provided, it was often unclear or not linked to known causal mechanisms of flow 561 

(e.g., past optimal experiences can be conditioned to a trigger through hypnosis, which can then 562 

be accessed during subsequent performances; Lindsay et al., 2005; Pates et al., 2001). Indeed, 563 

intervention strategies were often selected based on conceptual similarities between that strategy 564 

and certain dimensions of flow, for example, present moment awareness promoted by 565 

mindfulness is theoretically similar to certain characteristics or dimensions of flow experiences 566 

(e.g., concentration on the task at hand or loss of self-consciousness; Glass et al., 2019). As such, 567 

the tenuous links between existing intervention strategies and the occurrence of flow may also 568 

contribute to the low efficacy of current flow interventions in sport and exercise.   569 

Interestingly, researchers emphasised a need to understand the mechanisms underlying 570 

their intervention after it had been evaluated (i.e., they developed and tested an intervention 571 

before considering how it might work; Aherne et al., 2011; Pates, 2013). However, to adequately 572 
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develop, test, and refine interventions, they must contain clear rationales or mechanisms that 573 

explicate how they function, and how they can be applied to different settings and populations 574 

(Moore & Evans, 2017). Adopting this process maximises the chances of creating a successful 575 

and sustainable intervention (O’Cathain, Croot, Sworn, et al., 2019). These issues may explain 576 

why flow intervention participants often report changes in some, but not all dimensions (e.g., 577 

Kaufman et al., 2009). For flow interventions to become more effective, they should arguably be 578 

built upon proposed causal determinants that can, in turn, be robustly tested.  579 

Conceptual Issues 580 

Successful intervention development is considered to be highly dependent on being 581 

informed by appropriate theory and evidence (Craig et al., 2008). This dependence exists 582 

because a theoretical explanation or conceptual understanding is often used to identify the 583 

anticipated process of change (Craig et al., 2008; Wight et al., 2016). Subsequently, appropriate 584 

strategies, skills, and techniques can then be incorporated into an intervention on the basis of that 585 

theoretical explanation or identified process of change (Carey et al., 2019; Connell et al., 2019). 586 

Conversely, interventions built without a theoretical explanation or clearly identified mechanism 587 

of change are unlikely to include strategies, skills, and techniques that effectively alter or redirect 588 

the required causal processes. Accordingly, it is possible that the efficacy of flow interventions in 589 

sport and exercise are negatively impacted by an inadequate theoretical or conceptual 590 

understanding of flow. 591 

While not always explicitly stated, studies included in this review were generally based 592 

on the nine dimensions conceptualisation of flow (Csikszentmihalyi, 1975, 2013). This is to be 593 

expected, given that Csikszentmihalyi’s framework has been the predominant approach to 594 

studying flow to date. However, the nine dimensions framework has been strongly criticised 595 
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(Hassmén et al., 2016; Moran & Toner, 2017; Swann et al., 2018). One criticism of 596 

Csikszentmihalyi’s framework is that it is not a theory and, therefore, lacks explanatory power 597 

(Swann et al., 2018); for example, much of what is known about flow is based upon associations 598 

rather than causal mechanisms (Swann, Piggott, et al., 2015), which results in a conceptualisation 599 

largely focused on the description, rather than an explanation of how and when flow occurs 600 

(Hassmén et al., 2016; Swann et al., 2018). Importantly, recent work has led to the development 601 

of a refined conceptualisation of flow presented within the Integrated Model of Flow and Clutch 602 

States (Swann et al., 2017, 2019). This model identifies a series of factors that are proposed to be 603 

contexts (i.e., contexts of novelty or exploration) and mechanisms (e.g., positive feedback, 604 

setting open ended goals) underpinning the occurrence of flow. As such, more recent, domain-605 

specific conceptualisations of flow (i.e., the Integrated Model) hold promise as an alternative to 606 

the nine dimensions framework for explaining the occurrence of flow, and consequently, 607 

informing the development of future flow interventions in sport and exercise. 608 

Strengths and Limitations 609 

While this review was conducted in an effort to increase transparency, ensure 610 

trustworthiness, and limit author bias, some limitations must be acknowledged. Due to the way 611 

that the interventions were grouped for synthesis by strategy and measurement of flow, some of 612 

the findings are based on one study (e.g., the efficacy of yoga interventions; Briegel-Jones et al., 613 

2013). The articles eligible for this review were also confined to sport and exercise. While we 614 

aimed for a clear definition of sport and exercise, studies examining the manipulation of flow in 615 

other relevant performance domains may have been excluded (e.g., computer-based tasks similar 616 

to but not defined as eSports; the effects of goal types on flow in cognitive performance tasks - 617 

(Schweickle et al., 2017). In acknowledging these limitations, it is also important to note that 618 
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some of these issues derive from the narrow availability of relevant research (e.g., findings based 619 

on one or two studies) and the definitional distinction between certain activities as sport and 620 

exercise (e.g., eSports; Jenny et al., 2017). 621 

Future Directions 622 

The future development of flow interventions should be guided by a recognised 623 

framework or set of established guidelines. O’Cathain, Croot, Sworn, et al. (2019) provide a 624 

taxonomy of different approaches to intervention development, which are broken into eight 625 

categories based on the purpose of the intervention. While the specific context, strategies, users, 626 

and various stakeholders of flow interventions in sport and exercise may differ, following a 627 

series of key actions provided by recognised development frameworks will increase the chances 628 

of success (O’Cathain, Croot, Duncan, et al., 2019). Considering flow interventions are yet to be 629 

developed following published guidelines, this may be an easily implemented step with large 630 

implications on the efficacy of future flow interventions.  631 

Flow interventions for sport and exercise should focus on manipulating state flow (i.e., 632 

increasing the intensity), rather than dispositional flow (i.e., the frequency of flow states). While 633 

this review revealed minimal evidence suggesting flow interventions in sport and exercise have 634 

been successful, the promising evidence that did exist was primarily produced by interventions 635 

attempting to increase state flow rather than dispositional flow (Aherne et al., 2011; Kawabata, 636 

2018). Further, the conceptual issues discussed above indicate that flow could theoretically be 637 

experienced by anyone under the appropriate circumstances (i.e., specific contexts in 638 

combination with a particular series of causal mechanisms; Swann et al., 2017, 2019), and 639 

interventions developed for sport and exercise should focus on creating these necessary settings. 640 

Fundamentally, interventions focusing on state flow are important because unless we know how 641 
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to produce flow states, we cannot confidently increase their frequency. Additionally, flow 642 

interventions in sport and exercise are developed with the intention of eventually being used in 643 

applied settings, which places an added emphasis on interventions that can purposefully induce 644 

flow states in specific moments (e.g., important matches, training sessions). Consequently, 645 

interventions increasing state flow should be prioritised over those increasing dispositional flow.  646 

Flow interventions may be better evaluated using a mixed methods approach (cf. Moran 647 

et al., 2011). Indeed, this review highlighted that mixed method approaches to evaluate flow 648 

interventions are uncommon. Considering the difficulties in adequately measuring flow (Jackson 649 

& Kimiecik, 2008; Moneta, 2021), we recommend that a mixed-methods approach is adopted 650 

going forward. More specifically, confirming that a flow state has occurred (Moneta, 2021), and 651 

overcoming problems with discriminant validity (i.e., within the FSS-2 and DFS-2; Jackman et 652 

al., 2017) could be achieved by collecting qualitative (i.e., event-focused interviews; Swann et 653 

al., 2016) and quantitative data simultaneously. In addition to greater accuracy and validity, 654 

corroborating two types of data can effectively test and develop the theoretical understanding 655 

upon which flow interventions are built (Sparkes, 2015). 656 

Researchers must be conscious of the limitations of the nine dimensions framework 657 

(Nakamura & Csikszentmihalyi, 2002), and should utilise models that provide clearer causal 658 

explanations of flow. This review has highlighted how the conceptual underpinnings of flow 659 

might influence the development, and subsequently, the efficacy of interventions for sport and 660 

exercise. As such, we recommend that flow interventions are developed using conceptualisations 661 

with greater explanatory power, which clearly outline the contexts and causal determinants of 662 

flow. The Integrated Model of Flow and Clutch States (Swann et al., 2017, 2019), for example, 663 

provides testable contexts and mechanisms on which interventions can be developed (i.e., novel 664 
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contexts, positive feedback, open goals, energising outcomes). In testing these proposed 665 

determinants, researchers could falsify and refine the theoretical understanding of flow, and 666 

develop interventions for sport and exercise using strategies and techniques directly linked to the 667 

occurrence of flow.   668 

Conclusion 669 

Experiencing the psychological state of flow during sport and exercise is associated with 670 

exceptional performances and positive subjective experiences, which makes it valuable for 671 

athletes, exercises, coaches, and practitioners. However, this systematic review has demonstrated 672 

that we currently lack strong evidence of efficacious strategies and techniques for promoting 673 

flow in sport and exercise. Specifically, inadequate development procedures, underpinned by a 674 

conceptualisation lacking explanatory power, has resulted in predominantly small scale studies 675 

that test strategies only loosely related to the occurrence of flow. We suggest that future flow 676 

interventions: follow established intervention development guidelines; adopt a conceptualisation 677 

that provides testable causal determinants of flow (e.g., the Integrated Model of Flow and Clutch 678 

States; Swann et al., 2017, 2019); and are evaluated using a mixed methods approach. In doing 679 

so, we suggest future interventions for inducing flow can be conducted with greater efficacy, and 680 

in turn, will be able to move closer to providing rigorous, evidence-based intervention strategies 681 

that enable sport and exercise participants to experience flow with greater consistency.    682 
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Table 1. 

Summary of MMAT study quality assessment. 

Author(s) Category of study design Assessment criteria based on study design 

1 2 3 4 5 6 7 

Aherne et al. (2011) Quantitative randomised controlled trials Yes Yes Yes Yes Yes No Can’t tell 

Alanagh and Atashgahian (2017) Quantitative nonrandomised Yes Yes Yes Yes Can’t tell Can’t tell Yes 

Barry et al. (2016) Quantitative randomised controlled trials Yes Yes Yes No Yes No Yes 

Briegel-Jones et al. (2013) Quantitative nonrandomised Yes Yes Yes Yes Yes No No 

Carraça et al. (2018) Quantitative nonrandomised No Yes Can’t tell Yes Yes Can’t tell Can’t tell 

Chen et al. (2019) Quantitative nonrandomised Yes Yes Can’t tell No Yes Can’t tell Yes 

Glass et al. (2019) Quantitative randomised controlled trials Yes Yes Yes Yes Yes No Can’t tell 

Hill et al. (2020) Quantitative randomised controlled trials Yes Yes Can’t tell Yes Yes No Yes 

Karageorghis et al. (2008) Quantitative nonrandomised Yes Yes Yes Yes Yes Yes Yes 

Karageorghis and Jones (2014) Quantitative nonrandomised Yes Yes No Yes Yes Yes Yes 

Kaufman et al. (2009) Quantitative nonrandomised Yes Yes Yes Yes No Can’t tell No 

Kawabata (2018) Quantitative randomised controlled trials Yes Yes Can’t tell Can’t tell Yes No Yes 

Koehn and Díaz-Ocejo (2016) Quantitative nonrandomised Yes Yes Yes Yes Yes No Yes 

Koehn et al. (2014) Quantitative nonrandomised Yes Yes Can’t tell Yes Yes Can’t tell No 

Lee et al. (2018) Quantitative randomised controlled trials Yes Yes Can’t tell Yes Yes No Can’t tell 

Lindsay et al. (2005) Quantitative nonrandomised Yes Yes Yes Yes Yes No Yes 

Nicholls et al. (2005) Quantitative nonrandomised Yes Yes Yes Yes Yes Can’t tell Yes 

Norsworthy et al. (2018) Quantitative nonrandomised Yes Yes No Yes Yes No Can’t tell 

Pain et al. (2011) Quantitative nonrandomised Yes Yes Yes No Yes No Yes 

Park and Noh (2017) Quantitative nonrandomised Yes Yes Can’t tell No Yes Yes Can’t tell 

Pates (2013) Quantitative nonrandomised Yes Yes Yes Yes Yes Can’t tell Yes 

Pates et al. (2012) Quantitative nonrandomised Yes Yes Yes Yes Yes Can’t tell Yes 

Pates et al. (2002) Quantitative nonrandomised Yes Yes Yes Yes Yes Can’t tell Yes 

Pates et al. (2003) Quantitative nonrandomised Yes Yes Yes Yes No Yes Can’t tell 

Pates and Maynard (2000) Quantitative nonrandomised Yes Yes Yes Yes Yes Can’t tell Yes 

Pates et al. (2001) Quantitative nonrandomised Yes Yes Yes Yes Yes Can’t tell Yes 

Perry et al. (2017) Quantitative randomised controlled trials Yes Yes Yes Yes Yes No Yes 

Scott-Hamilton and Schutte (2016) Quantitative nonrandomised Yes Yes Yes Yes Yes Yes Yes 

Scott‐Hamilton et al. (2016) Quantitative randomised controlled trials Yes Yes Yes No Yes No No 

Note: The quality of each study was assessed in accordance with the appropriate criteria in the mixed methods appraisal tool (MMAT; Hong et al., 2019), with responses 

categorised as: yes (satisfy quality criterion); no (does not satisfy quality criterion); or can’t tell (cannot tell if the quality criterion is satisfied). Further information on the study 

quality appraisal is presented in Supplementary file 4. 

 



Table 2. 

Summary of study designs, participants, and intervention procedures 

Author Design Participant information Intervention procedure 

Sport(s) represented n (male/female) Mean age (SD) 
Competitive 

standard1 

i. Mindfulness-based interventions 

Aherne et al. 

(2011) 

RCT Rugby Union 

Tennis 

Hammer throw 

Short/middle distance 

Runners 

Hockey 

Hurdlers 

13 (9/4) 21 (1.68) Competitive elite  FSS-2 was completed (following a training session) 

pre- and post- mindfulness training. The 

experimental group received six weeks of 

mindfulness training. The control group received no 

additional attention or instruction. 

Perry et al. (2017) RCT Non-athlete 

(University students) 

65 (33/32) 18.73 (0.84) N/A FSS-2 was completed following a golf putting task 

(six practice puts and ten performance putts) pre- and 

post- mindfulness training. The experimental group 

completed a 30min mindfulness session between 

tasks. Control group participants were asked to wait 

quietly for 30mins between tasks. 

Glass et al. (2019) RCT Cross-country/track 

Swimming 

Tennis 

Lacrosse 

Field hockey 

Football 

Baseball 

American football 

Volley ball 

52 (6/44) 

 

19.32 (1.25) Semi-elite  DFS-2 was completed pre-, post-, and five-six 

months following mindfulness training. 

Experimental group received a six weeks MSPE 

program consisting of weekly 75min sessions, and 

audio recordings for self-directed practice. The wait 

list-control group received no additional attention or 

instruction during this time. 

Scott‐Hamilton et 

al. (2016) 

RCT Cycling (Mountain/road) 47 (42/5) Control 

40.65 (10.88) 

 

Intervention 

38.96 

(12.40) 

Semi-elite DFS-2 was completed pre- and post- mindfulness 

training. The experimental group received eight 

weekly MiCBT based sessions adapted to cycling.  

The control group received no additional attention or 

instruction. 

Carraca et al. 

(2018) 

Within-between 

subjects 

Football 57(57/0) 25.79 (3.30) Competitive elite  DFS-2 was completed pre- and post- mindfulness 

training. The experimental group received eight 

weekly 90min MBSoccerP sessions. The wait list-

control group received no additional attention or 

instruction during this time. 



Hill et al. (2020) Within-between 

subjects 

Runners 31 (13/18) Control 

44.47 (14.27) 

 

Intervention 

30.43 (10.46) 

Amateur FSS-2 was completed after a treadmill running task 

pre- and post- mindfulness training. The 

experimental group received one session of 

mindfulness training and dairy to guide and record 

eight weeks of daily mindfulness practice. The wait 

list-control group received no additional attention or 

instruction during this time. 

Scott-Hamilton & 

Schutte (2016) 

Within-between 

subjects 

Cycling (mtb/road) 

Alpine downhill skiing 

Swimming 

 

12 (10/2) 33.57 (12.50) Competitive elite DFS-2 was completed pre- and post- mindfulness 

training. Participants completed eight weekly 

MiCBT based sessions adapted to cycling. 

Participants were then stratified into high and low 

adherence groups based on sessions attended and 

minutes spent meditating.  

Chen et al. (2019)  Within-subjects Baseball 21 (21/0) 26.38 (2.60) Semi-elite FSS-2 was completed pre-, post-, and one month 

following mindfulness training. All participants 

received four weekly MSPE sessions. 

Kaufman et al. 

(2009) 

Within-subjects Archery 

Golf 

32 (23/9) 52.19 (N/A) Amateur DFS-2 was completed pre- and post- four weekly 

2.5-3hr MSPE sessions. Also, participants were 

encouraged to complete the FSS-2 following sport 

competition or training sessions during the 4 week 

period.  

ii. Imagery-based intervention 

Alanagh & 

Atashgahian (2017) 

Within-between 

subjects 

Shooting 15 (15/0) 23.42 (N/A) 

23.40 (N/A) 

Semi-elite  FSS-2 was completed (after a shooting test) pre- and 

post- imagery training. Two experimental groups 

completed nine weekly 90min sessions of either 

physical exercise and cognitive imagery, or physical 

exercise with motivational imagery. The control 

group completed only the physical exercise.    

Koehn & Díaz-

Ocejo (2016) 

Single-case 

design 

Middle-distance running 3 (3/0) N/A 

Range: 14-18 

Competitive elite  FSS-2 (short) completed (following sprint efforts) 

pre- and post- imagery training (AB design). 

Baseline consisted of six-nine trials. Participants then 

completed three 5-10min imagery sessions per week 

for four weeks. The post-intervention phase lasted 

seven-nine trials.      

Koehn et al. (2014) Single-case 

design 

Tennis 4 (4/0) 14 (N/A) Competitive elite  FSS-2 completed (following competitive tennis 

matches) pre- and post- imagery training (AB 

design). Baseline consisted of four-five trials. The 

participants then completed three five-10min 

imagery sessions per week for six weeks. The post-

intervention phase lasted four-six trials.      

Nicholls et al. 

(2005) 

Single-case 

design 

Golf 4 (3/1) N/A 

Range: 20-23 

Successful elite  DFS-2 and FSS-2 completed (following a round of 

golf) pre-, during, and after the removal of imagery 

training (ABA design). Baseline 1 consisted of four 



trials. The participants listened to an 8.5min imagery 

script five times a week before they played golf. The 

intervention phase lasted 20 trials. Baseline 2 lasted 

four trials.      

iii. Hypnosis-based interventions 

Lindsay et al. 

(2005) 

Single-case 

design 

Cycling 3 (2/1) 25.33 (5.86) Successful elite  FSS completed (following competitive cycling races) 

pre- and post- hypnosis training (AB design). 

Baseline consisted of four-six trials. The participants 

then completed a hypnosis session and were asked to 

listen to a recording of the session daily. The post-

intervention phase lasted six-eight trials. 

Pates (2013) Single-case 

design 

Golf 1 (1/0) 52 (0) Successful elite FSS-2 was completed (following competitive golf 

rounds) pre- and post- hypnosis training (AB 

design). Baseline consisted of eight trials. The 

participant then completed a hypnosis session and 

listened to a recording of the session daily for seven 

days between phases. The post-intervention phases 

lasted three trials.    

Pates & Maynard 

(2000) 

Single-case 

design 

Golf 3 (3/0) 21 (0) Amateur FSS completed (following a golf chipping task) pre-, 

during, and after the removal of hypnosis training 

(ABA design). Baseline 1 consisted of seven trials. 

The participants then completed a hypnosis session 

and listened to a recording of the session daily during 

the intervention phase. The intervention and baseline 

2 phases both lasted seven trials.  

Pates et al. (2001) Single-case 

design 

Golf 5 (5/0) 21 (0) Amateur FSS completed (following a golf putting task) pre- 

and post- hypnosis training (AB design). Baseline 

consisted of four-seven trials. The participants then 

completed a hypnosis session and listened to a 

recording of the session daily for seven days between 

phases. The post-intervention phase lasted between 

three-seven trials. 

Pates et al. (2002) Single-case 

design 

Basketball 5 (5/0) 20.2 (1.6) Semi-elite  FSS completed (following a basketball shooting 

task) pre- and post- hypnosis training (AB design). 

Baseline consisted of four-eight trials. The 

participants then completed a hypnosis session and 

listened to a recording of the session daily for seven 

days between phases. The post-intervention phase 

lasted between three-seven trials. 

iv. Multicomponent psychological interventions 

Kawabata (2018) RCT Non-athlete 

(University students) 

135 (124/11) 19.0 (1.30) N/A JFSS-2 was completed after ten weekly PE 

(basketball) lessons. JDFS-2 was completed at 

baseline in relation to participants main physical 



activity and basketball. Two experimental groups 

took part in lessons designed to educate and assist 

participants in satisfying the conditions of flow. The 

control group took part in regular PE lessons.  

Norsworthy et al. 

(2018) 

Single-case 

design 

Rock climbing  4 (N/A)  41 (N/A) 

Range: 38-44 

Semi-elite FSS-2 completed (following rock-climbing ascents) 

pre- and post- a flow training program. Baseline 

consisted of four trials. The participants were then 

sequentially introduced education, goal-setting, self-

talk, and mindfulness. Approximately two trials were 

completed after each program component.   

Pain et al. (2011) Single-case 

design 

Football 5 (5/0) 20.90 (1.60) Semi-elite  FSS completed (following competitive soccer 

matches) pre- and post- different pre-competition 

routines. Baseline phase consisted of three-four 

trials. FSS was then completed after three trials using 

each pre-competition routine: music, imagery, or 

music and imagery. 

Pates et al. (2012) Single-case 

design 

Golf 3 (3/0) Range: 28-39 Successful elite  FSS-2 completed (after competitive rounds of golf) 

pre- and post- implementation of individualised pre-

shot routines (AB design). Baseline consisted of 

four-eight trials. Individual pre-shot routines 

incorporating imagery, self-talk, and relaxation were 

practiced for seven days between phases. The post-

intervention phase lasted three-seven trials.       

v. Music-based interventions 

Karageorghis & 

Jones (2014) (study 

1) 

Within-between 

subjects 

University students 

(physically active) 

22 (11/11) Males: 19.6 

(1.60) 

Females: 20.3 

(1.60) 

N/A FSS-2 (short) was completed immediately after 

walking/running on a treadmill under different 

conditions. Conditions included running/walking at 

40%, 50%, 60%, 70%, 80%, and 90% maxHRR 

while being exposed to slow, medium, fast, very 

fast music tempos, and a no music control 

condition. 

 

Karageorghis et al. 

(2008) 

Within-between 

subjects 

University students 

(physically active) 

29 (14/15) Males: 20.7 

(1.1) 

Females: 20.4 

(1.4) 

N/A FSS-2 was completed immediately after walking on 

a treadmill at 70% maxHRR under different music 

conditions. Music conditions included medium, fast, 

and mixed tempos; and a no music control.      

Pates et al. (2003) Single-case 

design 

Netball 3 (0/3) 20 (1)  Semi-elite  FSS completed (following a netball shooting task) 

pre- and post- a music intervention (AB design). 

Baseline consisted of four-seven trials. Participants 

then selected a music track associated with feelings 

of flow. The music tracks were played during the 

three-six post-intervention trials.  



vi. Exergaming-based interventions 

Barry et al. (2016) RCT Non-athlete 

(physically active adults) 

47 (27/20) 33 (12) N/A FSS was completed pre- and post- the completion of 

different exercise programs. Each group received 

three 30min exercise sessions per week for four 

weeks. The experimental group received balance 

training on the Xbox connect. The control group 

received traditional gym-based exercise.  

Lee et al. (2018) RCT Non-athlete2 

(required to reach a 

minimum VO2 max of 

35ml/kg/min) 

15 (10/5) 44.80 (9.72) N/A FShS was completed at six time points (then grouped 

into T1, T2, and T3) during a 24-week exergame 

cycling program. Programs consisted of varying 

moderate and high intensity 30min sessions, six days 

a week. Following a baseline week, participants 

cycled with an AI partner that was always superior 

(AS) or not always superior (NAS; programmed to 

allow participants to be faster 15% of the time). A 

control condition (IC) cycled without an AI partner.      

Park & Noh (2017) Within subjects Non-athlete 

(University students) 

100 (50/50) N/A N/A ‘Exercise flow’ measure was completed after 

exposure to two 10min exergaming conditions. The 

experimental condition involved using an app with 

increased interactivity. Exergaming app ‘Sean Lee 

Wonder Core Series 1’ acted as the control 

condition. 

vii. Yoga-based interventions 

Briegel-Jones et al. 

(2013) 

Mixed-methods 

 

Swimming 21 (10/11) 13.24 (1.51)  Semi-elite  DFS-2 was completed pre- and post- a ten-week 

yoga program. The experimental condition consisted 

of weekly hour-long yoga sessions. The experimental 

group completed qualitative questionnaires four and 

seven weeks into the program. The control group 

completed their regular swimming training.  

Notes. (1) Competitive standard based upon Swann et al. (2015) model for classification of elite athletes; (2) Eligible participants were required to reach a minimum VO2 max of 

35ml/kg/min; (3) abbreviations are as follows: DFS-2 = Dispositional Flow Scale-2; FShS = Flow Short Scale; FSS = Flow State Scale; FSS-2 = Flow State Scale-2; JDFS-2 = 

Japanese Dispositional Flow Scale-2; JFSS-2 = Japanese Flow State Scale-2; maxHRR = maximum heart rate reserve; MBSoccerP = Mindfulness-Based Soccer Program; MiCBT = 

Mindfulness-integrated cognitive behavior therapy; MSPE = Mindful Sport Performance Enhancement; PE = physical education; RCT = Randomised controlled trial; T1 = time point 

1; T2 = time point 2; T3 = time point 3 

 



Table 3.  

Summary of RCT and quasi-experimental flow intervention measures, reporting style, and outcomes. 

Authors 
State or trait 

flow measure 

Significant increases to nine dimensions global and subscales scores (p values and effect size1) 

Global score CSB CG UF  AA C SC LS TT AE 

i. Mindfulness-based interventions 

Aherne et al. (2011) State  

(FSS-2) 

p < .05, d = 1.66 - p = .01, η2 

= .52 

- - - p < .01, η2 

= .57 

- - - 

Perry et al. (2017) State 

(FSS-2) 

p < .05, d = 0.56 N/A 

 

Glass et al. (2019) Dispositional  

(DFS-2) 

- - - - - - - - - - 

Scott‐Hamilton et al. 

(2016) 

Dispositional 

(DFS-2)2 

p = .003, d = .63 p = .002, d = .67 - N/A - 

Carraça et al. (2018) Dispositional  

(DFS-2) 

p = .003,  

𝜂𝑝
2  = .20 

p = .008, 

𝜂𝑝
2  = .27 

p = .004, 

𝜂𝑝
2  = .19 

p < .001, 

𝜂𝑝
2  = .29 

 

- p < .001, 

𝜂𝑝
2  = .31 

- p = .002, 

𝜂𝑝
2  = .20 

- p = .001, 

𝜂𝑝
2 = .22 

Scott-Hamilton & 

Schutte (2016) 

Dispositional 

(DFS-2)2 

 

p = .029, 𝜂𝑝
2  = .43 

(post hoc not sig) 

- p = .025, 𝜂𝑝
2 = .45 N/A  

Hill et al. (2020) State 

(FSS-2) 

p < .001, 𝜂𝑝
2  = .72 N/A 

Chen et al. (2019) State 

(FSS-2) 

T1, p = .002, 

T2, p = .045, 

N/A 

 

Kaufman et al. (2009) State 

(FSS-2) 

p < .052 - - p < .05 - - - - - - 

Dispositional  

(DFS-2) 

- - - - - - - - - - 

ii. Imagery-based interventions 

Alanagh & 

Atashgahian (2017)3 

State 

(FSS-2) 

MI, p = .0212 

CI, p = .0082 

(no reported 

effect size) 

- - - - - - - - - 

iii. Multicomponent interventions 

Kawabata (2018)4 State 

(JFSS-2) 

Group 1 p < .05 

Group 2 p < .05 

- - - Group 1 p 

< .001, 

Group 2 

- - Group 1 p 

< .001, 

- - 



p < .01 Group 2 p 

< .001 

Dispositional 

(JDFS-2) 

T0 measures for predictors only  

iv. Music-based interventions 

Karageorghis & 

Jones (2014) (study 

1) 

State 

(FSS-2 short) 

Male, “medium” 

& “fast” tempi, p 

< .055 

Female, all tempi, 

p < .055 

N/A 

 

Karageorghis et al. 

(2008) 

State 

(FSS-2) 

Medium, fast, 

mixed tempi, p 

< .001 

N/A 

 

v. Exergaming-based interventions 

Barry et al. (2016) State 

(FSS) 

Did not report - - p = .04, ε2 

= 0.10 

p = .03, ε2 

= 0.11 

 

p = .03, ε2 

= 0.11 

p = .03, ε2 

= 0.11 

p = .05, ε2 

= 0.09 

p = .03, ε2 

= 0.11 

- 

Lee et al. (2018)6 State 

(FShS) 

T2 NAS 

compared IC, p 

= .029, d = 1.12 

 

T3 NAS 

compared to IC, p 

= .021, d = 1.17 

Flow was measured using the FShS 

Park & Noh (2017) Unspecified 

(exercise 

flow)7 

p < .001, η2 = .127 N/A 

 

vi. Yoga-based interventions 

Briegel-Jones et al. 

(2013) 

Dispositional 

(DFS-2 short) 

- N/A 

 

Notes.(1) Effect sizes were reported for studies which provided them; (2) The transformation of time subscale was removed. Flow conditions and characteristics (excluding transformation of time) were 

combined into single subscales; (3)  This significant p value for omnibus ANOVA; (4) reported p values are for each condition compared with a control group; (5) Significant increase observed in weeks 

seven-ten of the intervention; (6) Compared to a no-music control condition; (7) Flow was measured using the FShS (Engeser and Rheinberg, 2008), rather than the FSS. Two items were removed as they 

did not pertain to an exercise setting; (8) An unvalidated measure of flow; (9) Abbreviations used as follows: - = not statistically significant; AA = action-awareness merging; AE = autotelic experience; C 

= concentration on the task at hand; CG = clear goals; CSB = challenge-skills balance; LS = loss of self-consciousness; SC = sense of control; TT = transformation of time; UF = unambiguous feedback; 

DFS-2 = Dispositional Flow Scale-2; FShS = Flow Short Scale; FSS = Flow State Scale; FSS-2 = Flow State Scale-2; JDFS-2 = Japanese Dispositional Flow Scale-2; JFSS-2 = 

Japanese Flow State Scale-2. 



Table 4. 

Summary of single-case design flow intervention results 

Authors 

State or 

trait flow 

measure 

Participant 

No. 

Hrycaiko & Martin s (1996) visual inspection indicators of intervention effect 
Flow mean score comparison between baseline(s) 

and post intervention 
Stable or opposing 

baseline trend 

Replicated 

effect 

Few overlapping datapoints 

between conditions 

Effect immediately after 

intervention introduction 

i. Imagery-based interventions 

Koehn & Díaz-Ocejo 

(2016) 

State 

(FSS-2 

(short) 

1 Yes NA NA No Baseline M = 35.67 

Post-intervention M = 37.25 

2 Yes NA NA No Baseline M = 31.00 

Post-intervention M = 34.13  

3 Yes NA NA No Baseline M = 31.43 

Post-intervention M = 32.86  

Koehn et al. (2006) State 

(FSS-2) 

1 Yes Yes NA Yes Baseline M = 138.43 

Post-intervention M = 161.83 

Koehn et al. (2014) State 

(FSS-2) 

1 Yes Yes NA NA Baseline M = 138.43 

Post-intervention M = 161.33 

2 Yes Yes NA NA Baseline M = 108.90 

Post-intervention M = 124.31  

3 Yes No NA NA Baseline M = 153.50 

Post-intervention M = 157.75  

4 Yes No NA NA Baseline M = 120.71 

Post-intervention M = 107.63 

Nicholls et al. (2005) State 

(FSS-2) 

1  No No No Yes Baseline 1 M = 111 (9.9) 

Post-intervention M = 110 (13.5) 

Baseline 2 M = 115.8 (3.6)  

2  No Yes No Yes Baseline 1 M = 117 (26.1) 

Post-intervention M = 127.2 (20.8) 

Baseline 2 M = 139.5 (10.5) 

3  No Yes No Yes Baseline 1 M = 99 (5.6) 

Post-intervention M = 104 (25.7) 

Baseline 2 M = 99 (21.4) 

4  No Yes No No Baseline 1 M = 107.5 (6.7) 

Post-intervention M = 117.6 (19.7) 

Baseline 2 M = 145.3 (11.8) 

Dispositio

nal 

(DFS-2) 

1 No No No Yes Baseline 1 M = 103 (4.5) 

Post-intervention M = 106 (11.4) 

Baseline 2 M = 109.5 (4.3) 

2 No Yes No Yes Baseline 1 M = 117 (17.5) 

Post-intervention M = 124 (19.8) 

Baseline 2 M = 129 (13.2) 

3 No Yes No Yes Baseline 1 M = 93.8 (13.2) 

Post-intervention M = 95.3 (24.3) 

Baseline 2 M = 97.8 (25.6) 



4 No Yes No Yes Baseline 1 M = 115 (14.9) 

Post-intervention M = 119.3 (19.2) 

Baseline 2 M = 143.3 (9.8) 

ii. Hypnosis-based interventions 

Lindsay et al. (2005) State 

(FSS) 

 

1 NA NA No No Baseline M = 101 

Post-intervention M = 134 

2 NA NA No No Baseline M = 102 

Post-intervention M = 112 

3 NA NA No Yes Baseline M = 110 

Post-intervention M = 120** 

Pates (2013) State 

(FSS-2) 

1 Yes Yes Yes Yes Baseline M = 119.3 

Post-intervention M = 151.6 

Pates & Maynard 

(2000) 

State 

(FSS)  

1 NA Yes No No Baseline 1 M = 135 (11) 

Post-intervention M = 146 (19) 

Baseline 2 M = 126 (25) 

2 NA No No No Baseline 1 M = 123 (16) 

Post-intervention M = 113 (17) 

Baseline 2 M = 106 (35) 

3 NA Yes No No Baseline 1 M = 141 (18) 

Post-intervention M = 152 (13) 

Baseline 2 M = 141 (15) 

Pates et al. (2001) State 

(FSS)  

1 NA Yes Yes Yes Baseline M = 114 

Post-intervention M = 155 

2 NA Yes Yes Yes Baseline M = 110 

Post-intervention M = 136 

3 NA Yes Yes Yes Baseline M = 131 

Post-intervention M = 148 

4 NA Yes Yes Yes Baseline M = 114 

Post-intervention M = 138 

5 NA Yes Yes Yes Baseline M = 134 

Post-intervention M = 172 

Pates et al. (2002) State 

(FSS)  

1 NA Yes Yes Yes Baseline M = 130 

Post-intervention M = 144 

2 NA Yes Yes Yes Baseline M = 147 

Post-intervention M = 164 

3 NA Yes Yes Yes Baseline M = 119 

Post-intervention M = 171 

4 NA Yes Yes Yes Baseline M = 114 

Post-intervention M = 142 

5 NA Yes Yes Yes Baseline M = 134 

Post-intervention M = 155 

iii. Multicomponent interventions 

Norsworthy et al. 

(2018) 

State 

(FSS-2)  

1 Yes1 NA No Yes increase from baseline to post-intervention = 23% 

(d = 3.42) 



2 Yes1 NA Yes Yes increase from baseline to post-intervention = 47% 

(d = 6.56) 

3 Yes1 NA No Yes increase from baseline to post-intervention = 15% 

(d = 1.30) 

4 Yes1 NA No Yes increase from baseline to post-intervention = 29% 

(d = 1.30) 

Pain et al. (2011) State 

(FSS) 

1 NA Yes2 Yes Yes2 No mean scores reported 

2 NA Yes2 Yes Yes2 No mean scores reported 

3 NA Yes2 Yes Yes2 No mean scores reported 

4 NA Yes2 Yes Yes2 No mean scores reported 

5 NA Yes2 Yes Yes2 No mean scores reported 

Pates et al. (2012) State 

(FSS-2) 

1 NA Yes Yes Yes Baseline M = 111 

Post-intervention M = 139 

2 NA Yes Yes Yes Baseline M = 116 

Post-intervention M = 157 

3 NA Yes Yes Yes Baseline M = 130 

Post-intervention M = 158 

iv. Music-based interventions 

Pates et al. (2003) State 

(FSS) 

1 NA No No No Baseline M = 102 

Post-intervention M = 112 

2 NA Yes Yes Yes Baseline M = 109 

Post-intervention M = 143 

3 NA Yes Yes Yes Baseline M = 100 

Post-intervention M = 129 

Notes. (1) A priori decision was made to introduce the first intervention after four datapoints regardless of stability or trend in flow scores; (2) Changes only observed once imagery and music intervention 

strategies were introduced; (3) Abbreviations used as follows: - = not statistically significant; AA = action-awareness merging; AE = autotelic experience; C = concentration on the task at hand; CG = clear 

goals; CSB = challenge-skills balance; LS = loss of self-consciousness; SC = sense of control; TT = transformation of time; UF = unambiguous feedback; DFS-2 = Dispositional Flow Scale-2; FShS = Flow 

Short Scale; FSS = Flow State Scale; FSS-2 = Flow State Scale-2. 

 



Table 4. 

Summary of conceptualisations, developmental rationales, and development ratings 

Conceptualisation Author 

Intervention 

development 

classification 

Proposed mechanism of action/development rationale 

Nine dimensions 

framework 

Aherne et al. (2011 3 Mindfulness improves the ability to maintain a present 

moment focus.  

 Alanagh & 

Atashgahian (2017) 

4 Previous interventions have attempted to induce flow using 

imagery.   

 Barry et al. (2016) 4 Previous interventions have attempted to induce flow using 

exergaming.   

 Briegel-Jones et al. 

(2013) 

4 Previous interventions have attempted to induce flow using 

mindfulness, and yoga is associated with improved 

mindfulness.   

 Carraça et al. 

(2018) 

3 Mindfulness improves the ability to maintain a present 

moment focus. 

 Chen et al. (2019) 3 Mindfulness improves the ability to maintain a present 

moment focus. 

 Glass et al. (2019) 3 Mindfulness is related to certain dimensions of flow. 

 Hill et al. (2020) 3 Mindfulness improves the ability to maintain a present 

moment focus. 

 Karageorghis & 

Jones (2014) 

4 Appropriately selected music can influence intrinsic 

motivation. 

 Karageorghis et al. 

(2008) 

4 Appropriately selected music can influence intrinsic 

motivation. 

 Kaufman et al. 

(2009) 

3 Mindfulness improves the ability to maintain a present 

moment focus. 

 Kawabata (2018) 1 Participants taught to satisfy the conditions of flow. 

 Koehn & Díaz-

Ocejo (2016) 

1 Imagery script developed to help participants satisfy the 

conditions of flow. 

 Koehn et al. (2014) 1 Imagery script developed to help participants satisfy the 

conditions of flow. 

 Lee et al. (2018)5 4 The Köhler effect may affect flow negatively or positively 

over extended periods. 

 Lindsay et al. 

(2005) 

4 Conditioning past optimal experiences to a natural trigger 

using hypnosis. 

 Nicholls et al. 

(2005) 

3 Different types of imagery are related to some dimensions of 

flow. 

 Norsworthy et al. 

(2018) 

2 Goal-setting education could help participants satisfy two 

conditions of flow (clear goals, challenge-skill balance). Self-

talk was included to facilitate the characteristic ‘concentration 

on the task at hand’. Mindfulness was included to facilitate 

‘concentration’, ‘clear goals’, ‘sense of control’, 

‘unambiguous feedback’, and ‘loss of self-consciousness’.   

 Pain et al. (2011) 3 An imagery script would improve participants challenge-skill 

balance. Also, motivational qualities of music alter emotional 

and physiological arousal, and improve attention. 

 Pates (2013) 4 Conditioning past optimal experiences to a natural trigger 

using hypnosis. 



 Pates & Maynard 

(2000) 

4 Conditioning past optimal experiences to an artificial trigger 

using hypnosis. 

 Pates et al. (2001) 4 Conditioning past optimal experiences to a natural trigger 

using hypnosis. 

 Pates et al. (2002) 4 Conditioning past optimal experiences to a natural trigger 

using hypnosis. 

 Pates et al. (2003) 4 Music can enhance pre-performance mood. 

 Pates et al. (2012) 4 Athletes may be taught to regulate their own flow states.  

 Perry et al. (2017) 3 Mindfulness improves the ability to maintain a present 

moment focus. 

 Scott-Hamilton & 

Schutte (2016) 

3 Mindfulness is associated with certain flow dimensions (i.e., 

challenge–skill balance, clear goals, concentration, merging 

of action and awareness, and loss of self-consciousness). 

 Scott‐Hamilton et 

al. (2016) 

3 Mindfulness is associated with certain flow dimensions (i.e., 

challenge–skill balance, clear goals, concentration, merging 

of action and awareness, and loss of self-consciousness). 

Unspecified Park & Noh (2017) 4 Increased interactivity with an exercise application would 

facilitate greater flow.  

Notes. (1) Interventions tailored to flow conditions; (2) Interventions tailored to various flow dimensions; (3) 

Conceptual overlap between intervention strategy and flow; (4) No clear link between intervention and 

conceptualisation of flow; (5) Flow was concupualised using the nine dimension framework but measured using a 

questionnaire based on an eight dimension conceptualization (FShS; Engeser and Rheinberg, 2008) . 

 



Section/topic  # Checklist item  
Reported 
on page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  Title 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 
criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  

1 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  3-4 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  

4 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

5 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 

language, publication status) used as criteria for eligibility, giving rationale.  
6 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

5 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

See 
Supplementary 
file 2 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

7 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators.  

7-8 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

7 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  

9 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  6-8 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 

(e.g., I2) for each meta-analysis.  
7-8 
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Section/topic  # Checklist item  
Reported 
on page #  

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

n/a 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 

which were pre-specified.  
7 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  

Figure 1 / 
10-11 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

Table 2 / 12-
13 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  10 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

Table 3-4 / 
13 -14 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  n/a 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  n/a 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  8 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers).  

19-27 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

27 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  30 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  

n/a 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
doi:10.1371/journal.pmed1000097  

For more information, visit: www.prisma-statement.org.  
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Supplementary File 2: Search strategy applied to each electronic database 

# 
CINAHL MEDLINE PsycARTICLES PsycINFO PubMed Scopus 

SPORTSDiscus with 

Full Text 

Web of Science (Core 

Collection) 

1 AB Flow OR TI Flow AB Flow OR TI Flow AB Flow OR TI Flow AB Flow OR TI Flow Flow[Title/Abstract] TITLE-ABS (Flow) AB Flow OR TI Flow TS=(Flow) 

2 (AB Experienc* OR 

TI Experienc*) OR 

(AB State* OR TI 

State*) OR (AB 

Theory OR TI 

Theory)   

(AB Experienc* OR 

TI Experienc*) OR 

(AB State* OR TI 

State*) OR (AB 

Theory OR TI 

Theory)   

(AB Experienc* OR 

TI Experienc*) OR 

(AB State* OR TI 

State*) OR (AB 

Theory OR TI 

Theory)   

(AB Experienc* OR 

TI Experienc*) OR 

(AB State* OR TI 

State*) OR (AB 

Theory OR TI 

Theory)   

(Experienc*[Title/Ab

stract]) OR 

(State*[Title/Abstract

]) OR 

(Theory[Title/Abstrac

t]) 

TITLE-ABS 

(Experienc* OR 

State* OR Theory) 

(AB Experienc* OR 

TI Experienc*) OR 

(AB State* OR TI 

State*) OR (AB 

Theory OR TI 

Theory)   

TS=(Experienc* OR 

State* OR Theory) 

3 S1 AND S2 S1 AND S2 S1 AND S2 S1 AND S2 #1 AND #2 #1 AND #2 S1 AND S2 #1 AND #2 

4 (AB Sport* OR TI 

Sport*) OR (AB 

Athlet* OR TI 

Athlet*) OR (AB 

Play* OR TI Play*) 

OR (AB Exer* OR TI 

Exer*) OR (AB 

“Physical* Activ*” 

OR TI “Physical* 

Activ*) OR (AB 

Health* OR TI 

Health*) OR (AB Fit* 

OR TI Fit*) OR (AB 

Gym* OR TI Gym*) 

OR (AB Perform* 

OR TI Perform*) 

(AB Sport* OR TI 

Sport*) OR (AB 

Athlet* OR TI 

Athlet*) OR (AB 

Play* OR TI Play*) 

OR (AB Exer* OR TI 

Exer*) OR (AB 

“Physical* Activ*” 

OR TI “Physical* 

Activ*) OR (AB 

Health* OR TI 

Health*) OR (AB Fit* 

OR TI Fit*) OR (AB 

Gym* OR TI Gym*) 

OR (AB Perform* 

OR TI Perform*) 

(AB Sport* OR TI 

Sport*) OR (AB 

Athlet* OR TI 

Athlet*) OR (AB 

Play* OR TI Play*) 

OR (AB Exer* OR TI 

Exer*) OR (AB 

“Physical* Activ*” 

OR TI “Physical* 

Activ*) OR (AB 

Health* OR TI 

Health*) OR (AB Fit* 

OR TI Fit*) OR (AB 

Gym* OR TI Gym*) 

OR (AB Perform* 

OR TI Perform*) 

(AB Sport* OR TI 

Sport*) OR (AB 

Athlet* OR TI 

Athlet*) OR (AB 

Play* OR TI Play*) 

OR (AB Exer* OR TI 

Exer*) OR (AB 

“Physical* Activ*” 

OR TI “Physical* 

Activ*) OR (AB 

Health* OR TI 

Health*) OR (AB Fit* 

OR TI Fit*) OR (AB 

Gym* OR TI Gym*) 

OR (AB Perform* 

OR TI Perform*) 

(Sport*[Title/Abstract

]) OR 

(Athlet*[Title/Abstrac

t]) OR 

(Play*[Title/Abstract]

) OR 

(Exer*[Title/Abstract]

) OR ("Physical* 

Activ*"[Title/Abstrac

t]) OR 

(Health*[Title/Abstra

ct]) OR 

(Fit*[Title/Abstract]) 

OR 

(Gym*[Title/Abstract

]) OR 

(Perform*[Title/Abstr

act]) 

TITLE-ABS (Sport* 

OR Athlet* OR Play* 

OR Exer* OR 

(“Physical* Activ*”) 

OR Health* OR Fit* 

OR Gym* OR 

Perform*)) 

(AB Sport* OR TI 

Sport*) OR (AB 

Athlet* OR TI 

Athlet*) OR (AB 

Play* OR TI Play*) 

OR (AB Exer* OR TI 

Exer*) OR (AB 

“Physical* Activ*” 

OR TI “Physical* 

Activ*) OR (AB 

Health* OR TI 

Health*) OR (AB Fit* 

OR TI Fit*) OR (AB 

Gym* OR TI Gym*) 

OR (AB Perform* 

OR TI Perform*) 

TS=((Sport* OR 

Athlet* OR Play* OR 

Exer* OR (“Physical* 

Activ*”) OR Health* 

OR Fit* OR Gym* 

OR Perform*)) 

5 S3 AND S4 S3 AND S4 S3 AND S4 S3 AND S4 #3 AND #4 #3 AND #4 S3 AND S4 #3 AND #4 



6 (AB Interven* OR TI 

Interven*) OR (AB 

Enhanc* OR TI 

Enhanc*) OR (AB 

Increas* OR TI 

Increas*) OR (AB 

Promot* OR TI 

Promot*) OR (AB 

Induc* OR TI Induc*) 

OR (AB Control* OR 

TI Control*) OR (AB 

Generat* OR TI 

Generat*) OR (AB 

Mediat* OR TI 

Mediat*) OR (AB 

Moderat* OR TI 

Moderat*) OR (AB 

Effect* OR TI 

Effect*) OR (AB 

Train* OR TI Train*) 

OR (AB Experiment* 

OR TI Experiment*) 

OR (AB Facilitat* 

OR TI Facilitat*) 

(AB Interven* OR TI 

Interven*) OR (AB 

Enhanc* OR TI 

Enhanc*) OR (AB 

Increas* OR TI 

Increas*) OR (AB 

Promot* OR TI 

Promot*) OR (AB 

Induc* OR TI Induc*) 

OR (AB Control* OR 

TI Control*) OR (AB 

Generat* OR TI 

Generat*) OR (AB 

Mediat* OR TI 

Mediat*) OR (AB 

Moderat* OR TI 

Moderat*) OR (AB 

Effect* OR TI 

Effect*) OR (AB 

Train* OR TI Train*) 

OR (AB Experiment* 

OR TI Experiment*) 

OR (AB Facilitat* 

OR TI Facilitat*) 

(AB Interven* OR TI 

Interven*) OR (AB 

Enhanc* OR TI 

Enhanc*) OR (AB 

Increas* OR TI 

Increas*) OR (AB 

Promot* OR TI 

Promot*) OR (AB 

Induc* OR TI Induc*) 

OR (AB Control* OR 

TI Control*) OR (AB 

Generat* OR TI 

Generat*) OR (AB 

Mediat* OR TI 

Mediat*) OR (AB 

Moderat* OR TI 

Moderat*) OR (AB 

Effect* OR TI 

Effect*) OR (AB 

Train* OR TI Train*) 

OR (AB Experiment* 

OR TI Experiment*) 

OR (AB Facilitat* 

OR TI Facilitat*) 

(AB Interven* OR TI 

Interven*) OR (AB 

Enhanc* OR TI 

Enhanc*) OR (AB 

Increas* OR TI 

Increas*) OR (AB 

Promot* OR TI 

Promot*) OR (AB 

Induc* OR TI Induc*) 

OR (AB Control* OR 

TI Control*) OR (AB 

Generat* OR TI 

Generat*) OR (AB 

Mediat* OR TI 

Mediat*) OR (AB 

Moderat* OR TI 

Moderat*) OR (AB 

Effect* OR TI 

Effect*) OR (AB 

Train* OR TI Train*) 

OR (AB Experiment* 

OR TI Experiment*) 

OR (AB Facilitat* 

OR TI Facilitat*) 

(Interven*[Title/Abstr

act]) OR 

(Enhanc*[Title/Abstr

act]) OR 

(Increas*[Title/Abstra

ct]) OR 

(Promot*[Title/Abstra

ct]) OR 

(Induc*[Title/Abstrac

t]) OR 

(Control*[Title/Abstr

act]) OR 

(Generat*[Title/Abstr

act]) OR 

(Mediat*[Title/Abstra

ct]) OR 

(Moderat*[Title/Abstr

act]) OR 

(Effect*[Title/Abstrac

t]) OR 

(Train*[Title/Abstract

]) OR 

(Experiment*[Title/A

bstract]) OR 

(Facilitat*[Title/Abstr

act])    

TITLE-ABS 

(Interven* OR 

Enhanc* OR Increas* 

OR Promot* OR 

Induc* OR Control* 

OR Generat* OR 

Mediat* OR 

Moderat* OR Effect* 

OR Train* OR 

Experiment* OR 

Facilitat*) 

(AB Interven* OR TI 

Interven*) OR (AB 

Enhanc* OR TI 

Enhanc*) OR (AB 

Increas* OR TI 

Increas*) OR (AB 

Promot* OR TI 

Promot*) OR (AB 

Induc* OR TI Induc*) 

OR (AB Control* OR 

TI Control*) OR (AB 

Generat* OR TI 

Generat*) OR (AB 

Mediat* OR TI 

Mediat*) OR (AB 

Moderat* OR TI 

Moderat*) OR (AB 

Effect* OR TI 

Effect*) OR (AB 

Train* OR TI Train*) 

OR (AB Experiment* 

OR TI Experiment*) 

OR (AB Facilitat* 

OR TI Facilitat*) 

TS=((Interven* OR 

Enhanc* OR Increas* 

OR Promot* OR 

Induc* OR Control* 

OR Generat* OR 

Mediat* OR 

Moderat* OR Effect* 

OR Train* OR 

Experiment* OR 

Facilitat*)) 

7 S5 AND S6 S5 AND S6 S5 AND S6 S5 AND S6 #5 AND #6 #5 AND #6 S5 AND S6 #5 AND #6 

8 .mp Psycholog* .mp Psycholog* .mp Psycholog* .mp Psycholog* Psycholog*[Text 

Word] 

TITLE-ABS-

KEY(Psycholog*) 

.mp Psycholog* TS=Psycholog* 

9 S7 AND S8 S7 AND S8  S7 AND S8  S7 AND S8  #7 AND #8  #7 AND #8 S7 AND S8 #7 AND #8 

10 .mp “Exrat* Flow” 

OR “Optic* Flow” 

OR “*Water Flow” 

OR “Blood Flow” OR 

.mp “Exrat* Flow” 

OR “Optic* Flow” 

OR “*Water Flow” 

OR “Blood Flow” OR 

.mp “Exrat* Flow” 

OR “Optic* Flow” 

OR “*Water Flow” 

OR “Blood Flow” OR 

.mp “Exrat* Flow” 

OR “Optic* Flow” 

OR “*Water Flow” 

OR “Blood Flow” OR 

(“Exrat* Flow"[Text 

Word]) OR ("Optic* 

Flow"[Text Word]) 

OR ("*Water 

TITLE-ABS-KEY 

(“Exrat* Flow” OR 

“Optic* Flow” OR 

“*Water Flow” OR 

.mp “Exrat* Flow” 

OR “Optic* Flow” 

OR “*Water Flow” 

OR “Blood Flow” OR 

TS=(("Exrat* Flow") 

OR ("Optic* Flow" ) 

OR ("*Water Flow") 

OR ("Blood Flow") 



“Gene* Flow” OR 

“Cash Flow” 

“Gene* Flow” OR 

“Cash Flow” 

“Gene* Flow” OR 

“Cash Flow” 

“Gene* Flow” OR 

“Cash Flow” 

Flow"[Text Word]) 

OR ("Blood 

Flow"[Text Word]) 

OR ("Gene* 

Flow"[Text Word]) 

OR (“Cash 

Flow"[Text Word]) 

“Blood Flow” OR 

“Gene* Flow” OR 

“Cash Flow”) 

“Gene* Flow” OR 

“Cash Flow” 

OR ("Gene* Flow") 

OR (Cash Flow)) 

11 S9 NOT S10 S9 NOT S10 S9 NOT S10 S9 NOT S10 #9 NOT #10 #9 AND NOT #10 S9 NOT S10 #9 NOT #10 

12 S11 Limit Scholarly 

(Peer Reviewed) 

Journals; Source 

Types: Academic 

Journals; Language: 

English 

S11 Limit Source 

Types: Academic 

Journals; Language: 

English 

S11 Limit Scholarly 

(Peer Reviewed) 

Journals; Language: 

English 

S11 Limit Scholarly 

(Peer Reviewed) 

Journals; Source 

Types: Academic 

Journals; Language: 

English 

#11 Limit Language: 

“English” 

#11 ( LIMIT-TO ( 

SRCTYPE ,  "j" ) )  

AND  ( LIMIT-TO ( 

DOCTYPE ,  "ar" ) )  

AND  ( LIMIT-TO ( 

LANGUAGE ,  

"English" ) ) 

S11 Limit Scholarly 

(Peer Reviewed) 

Journals; Source 

Types: Academic 

Journals; Language: 

English 

#11 Refined by: 

LANGUAGES: ( 

ENGLISH ) AND 

DOCUMENT 

TYPES: ( ARTICLE ) 

(292 titles) 

Titles 159 704 39  667  575 761 144 500 

  

  



 



Supplementary file 3: Excluded articles with reasons 

Study Reason for exclusion 

Alla, J. B., & Ajibua, M. A. (2012). Achieving “flow” state in sport through periodization of training 

programme. International Journal of Sports Sciences and Fitness, 2(2), 315–328. http://ijssf.org/. 

Recommendations made upon a review of the literature - no 

empirical data 

 

Bertollo, M., di Fronso, S., Filho, E., Lamberti, V., Ripari, P., Reis, V. M., Comani, S., Bortoli, L., & 

Robazza, C. (2015). To focus or not to focus: Is attention on the core components of action beneficial for 

cycling performance? Sport Psychologist, 29(2), 110–119. Scopus. https://doi.org/10.1123/tsp.2014-

0046 

Flow in this study would be considered as an IV rather than 

DV. RPE, affect, and the manipulation questions are the only 

psychological DVs. 

Bronner, S., Pinsker, R., & Adam Noah, J. (2015). Physiological and psychophysiological responses in 

experienced players while playing different dance exer-games. Computers in Human Behavior, 51, 34–

41. https://doi.org/10.1016/j.chb.2015.04.047 

This study only included flow measures post gameplay, with 

no group allocation appearing to act as a control (i.e., they are 

all differing versions of dance exer-games) 

Bronner, S., Pinsker, R., & Noah, J. A. (2013). Energy cost and game flow of 5 exer-games in trained 

players. American Journal of Health Behavior, 37(3), 369–380. https://doi.org/10.5993/AJHB.37.3.10 

See previous comments 

Butzer, B., Ahmed, K., & Khalsa, S. B. S. (2016). Yoga enhances positive psychological states in young 

adult musicians. Applied Psychophysiology and Biofeedback, 41(2), 191–202. 

https://doi.org/10.1007/s10484-015-9321-x 

Not increasing flow during sport and exercise - musical 

performances instead 

Canham, M., & Wiley, J. (2003). When time flies: Effects of skilled memory on time transformation in 

rock climbers. Cognitive Technology, 8(2), 26–34. psyh. 

No proper control group or baseline measurement 

 

Carraça, B., Serpa, S., Rosado, A., Guerrero, J. P., & Magalhaes, C. (2019). Mindfull compassion 

training on elite soccer: Effects, roles and associations on flow, psychological distress and thought 

suppression. Revista Iberoamericana De Psicologia Del Ejercicio Y El Deporte, 14(2), 141–149. 

This sample appears the same as the 2018 Carraca study but 

with an different analysis.  

 

Chang, Y., Wann, D. L., & Inoue, Y. (2018). The effects of implicit team identification (iTeam ID) on 

revisit and wWOM intentions: A moderated mediation of emotions and flow. Journal of Sport 

Management, 32(4), 334–347. https://doi.org/10.1123/jsm.2017-0249 

Participants not engaging in and sport or exercise 

 

Connolly, C. T., & Tenenbaum, G. (2010). Exertion-attention-flow linkage under different workloads. 

Journal of Applied Social Psychology, 40(5), 1123–1145. Scopus. https://doi.org/10.1111/j.1559-

1816.2010.00613.x 

No proper control group or baseline measurement 

 

Elbe, A.-M., Barene, S., Strahler, K., Krustrup, P., & Holtermann, A. (2016). Experiencing flow in a 

workplace physical activity intervention for female health care workers: A longitudinal comparison 

Study does not take any pre/post measures, they simply 

compare the flow experienced during different types of 

https://doi.org/10.1123/tsp.2014-0046
https://doi.org/10.1123/tsp.2014-0046
https://doi.org/10.1016/j.chb.2015.04.047
https://doi.org/10.5993/AJHB.37.3.10
https://doi.org/10.1007/s10484-015-9321-x
https://doi.org/10.1123/jsm.2017-0249
https://doi.org/10.1111/j.1559-1816.2010.00613.x
https://doi.org/10.1111/j.1559-1816.2010.00613.x


between Football and Zumba. Women in Sport and Physical Activity Journal, 24(1), 70–77. 

https://doi.org/10.1123/wspaj.2015-0011 

sport/exercise activities. No activity appears to be included as 

a control which is not expected to induce flow. 

Elbe, A.-M., Strahler, K., Krustrup, P., Wikman, J., & Stelter, R. (2010). Experiencing flow in different 

types of physical activity intervention programs: Three randomized studies. Scandinavian Journal of 

Medicine & Science in Sports, 20(Suppl 1), 111–117. https://doi.org/10.1111/j.1600-0838.2010.01112.x 

Similar to the other Elbe study. Measures are recorded at 

different time points, but the first measure is taken after the 

activity, not giving us a proper baseline. 

 

Glännfjord, F., Hemmingsson, H., & Larsson Ranada, Å. (2017). Elderly people’s perceptions of using 

Wii sports bowling–A qualitative study. Scandinavian Journal of Occupational Therapy, 24(5), 329–

338. Scopus. https://doi.org/10.1080/11038128.2016.1267259 

Not explicitly designed to induce or enhance flow, more a 

description of participants perceptions. Links to flow are 

inexcplicit and authors suggest that the findings are not 

conclusive that participants experienced flow. Would not 

considered flow a primary outcome. 

Grove, J. R., & Lewis, M. A. E. (1996). Hypnotic susceptibility and the attainment of flowlike states 

during exercise. Journal of Sport and Exercise Psychology, 18(4), 380–391. 

https://doi.org/10.1123/jsep.18.4.380 

No manipulation, just measures across time. While we could 

possibly consider within-subjects designs with time as the 

manipulation, I think we need to draw the line at studies with 

proper pre-test baseline measures, of which this does not 

include—the first measures are recorded once the sessions 

have started.  

Gucciardi, D. F., Gordon, S., & Dimmock, J. A. (2009). Evaluation of a mental toughness training 

program for youth-aged Australian footballers: I. A quantitative analysis. Journal of Applied Sport 

Psychology, 21(3), 307–323. https://doi.org/10.1080/10413200903026066 

The authors indicate that mental toughness is the primary 

outcome measure. "In addition to mental toughness, 

questionnaires assessed dispositional resilience and flow to 

provide a broader assessment of program effectiveness" (p. 

309) 

Huang, H.-C., Pham, T. T. L., Wong, M.-K., Chiu, H.-Y., Yang, Y.-H., & Teng, C.-I. (2018). How to 

create flow experience in exergames? Perspective of flow theory. Telematics and Informatics, 35(5), 

1288–1296. https://doi.org/10.1016/j.tele.2018.03.001 

There doesn't appear to be any baseline measures or control 

group/game/activity. 

Khalsa, S. B. S., & Cope, S. (2006). Effects of a yoga lifestyle intervention on performance-related 

characteristics of musicians: A preliminary study. Medical Science Monitor: International Medical 

Journal of Experimental and Clinical Research, 12(8), CR325-331. 

Not increasing flow during sport and exercise - musical 

performances instead. 

Kliem, A., & Wiemeyer, J. (2010). Comparison of a traditional and a Video Game Based Balance 

Training Program. Int. J. Comp. Sci. Sport, 9. 

I would exclude this as they have not measured flow at 

baseline, only post task. There is also no "no no-treatment 

control group" (p. 89). 

https://doi.org/10.1123/wspaj.2015-0011
https://doi.org/10.1111/j.1600-0838.2010.01112.x
https://doi.org/10.1080/11038128.2016.1267259
https://doi.org/10.1123/jsep.18.4.380
https://doi.org/10.1080/10413200903026066
https://doi.org/10.1016/j.tele.2018.03.001


Koehn, S., Morris, T., & Watt, A. P. (2013). Flow state in self-paced and externally-paced performance 

contexts: An examination of the flow model. Psychology of Sport and Exercise, 14(6), 787–795. Scopus. 

https://doi.org/10.1016/j.psychsport.2013.06.001 

The analyses in this study appear primarily to be correlative. 

The differences in flow that are tested between self-paced and 

externally paced tasks did not include pre/post comparisons, 

or indicate a control task was undertaken. 

Koehn, Stefan, Morris, T., & Watt, A. P. (2006). Efficacy of an imagery intervention to increase flow 

and performance in tennis competition. Medicine and Science in Tennis, 11(1), 12–14. 

https://www.tennismedicine.org/. 

No peer reviewed (conference preceedings) 

Lee, M., Suh, D., Son, J., Kim, J., Eun, S.-D., & Yoon, B. (2016). Patient perspectives on virtual reality-

based rehabilitation after knee surgery: Importance of level of difficulty. Journal of Rehabilitation 

Research and Development, 53(2), 239–252. https://doi.org/10.1682/JRRD.2014.07.0164 

No proper control group or baseline measurement 

Ley, C., Krammer, J., Lippert, D., & Rato Barrio, M. (2017). Exploring flow in sport and exercise 

therapy with war and torture survivors. Mental Health and Physical Activity, 12, 83–93. 

https://doi.org/10.1016/j.mhpa.2017.03.002 

No proper control group or baseline measurement 

Loveday, P., & Burgess, J. (2017). Flow and Pokémon go: The contribution of game level, playing 

alone, and nostalgia to the flow state. 8(2), 13. 

Cross-sectional. 

Marston, H. R. (2013). Digital gaming perspectives of older adults: Content vs. Interaction. Educational 

Gerontology, 39(3), 194–208. rzh. https://doi.org/10.1080/03601277.2012.700817 

No pre and post measures are taken, purely just comparison of 

flow experiences post play of various video games (which 

may not be exergames regardless). 

Marston, H. R., Kroll, M., Fink, D., & Gschwind, Y. J. (2016). Flow experience of older adults using the 

iStoppFalls exergame. Games and Culture, 11(1–2), 201–222. 

https://doi.org/10.1177/1555412015605219 

Flow is not measured in the control group nor are pre/post 

measures taken among the participants that did complete the 

intervention. 

Monedero, J., Murphy, E. E., & O’Gorman, D. J. (2017). Energy expenditure and affect responses to 

different types of active video game and exercise. PLOS ONE, 12(5), e0176213. 

https://doi.org/10.1371/journal.pone.0176213 

Flow is only measured post trials with no indication of a 

control condition. 

Pedroli, E., Greci, L., Colombo, D., Serino, S., Cipresso, P., Arlati, S., Mondellini, M., Boilini, L., 

Giussani, V., Goulene, K., Agostoni, M., Sacco, M., Stramba-Badiale, M., Riva, G., & Gaggioli, A. 

(2018). Characteristics, usability, and users experience of a system combining cognitive and physical 

therapy in a virtual environment: Positive bike. Sensors (Switzerland), 18(7). Scopus. 

https://doi.org/10.3390/s18072343 

Excluded as they flow measures are not taken measures pre or 

post, or compared between different groups attempting the 

cycling task. 

Robinson, J., Dixon, J., Macsween, A., van Schaik, P., & Martin, D. (2015). The effects of exergaming 

on balance, gait, technology acceptance and flow experience in people with multiple sclerosis: A 

randomized controlled trial. BMC Sports Science, Medicine and Rehabilitation, 7(1), 8. 

https://doi.org/10.1186/s13102-015-0001-1 

FSS was not applicable to the control. Additionally, pre-

program measures appear to be taken after the first session 

https://doi.org/10.1016/j.psychsport.2013.06.001
https://doi.org/10.1682/JRRD.2014.07.0164
https://doi.org/10.1016/j.mhpa.2017.03.002
https://doi.org/10.1080/03601277.2012.700817
https://doi.org/10.1177/1555412015605219
https://doi.org/10.1371/journal.pone.0176213
https://doi.org/10.3390/s18072343
https://doi.org/10.1186/s13102-015-0001-1


within each respective group. Hence, no control group or pre 

(baseline) measures. 

Schattke, K., Brandstätter, V., Taylor, G., & Kehr, H. M. (2014). Flow on the Rocks: Motive-incentive 

congruence enhances flow in rock climbing. International Journal of Sport Psychology, 45(6), 603–620. 

Scopus. 

No proper control group or baseline measurement. This is 

excluded on the same basis as Canham and Wiley. 

 

Schüler, J., & Brandstätter, V. (2013). How basic need satisfaction and dispositional motives interact in 

predicting flow experience in sport. Journal of Applied Social Psychology, 43(4), 687–705. Scopus. 

https://doi.org/10.1111/j.1559-1816.2013.01045.x 

Study 2 only - this appears to be a regression model showing 

relationships, rather than any group comparison. 

Schüler, J., Wegner, M., & Knechtle, B. (2014). Implicit motives and basic need satisfaction in extreme 

endurance sports. Journal of Sport and Exercise Psychology, 36(3), 293–302. Scopus. 

https://doi.org/10.1123/jsep.2013-0191 

 

Schüler, Julia, & Brunner, S. (2009). The rewarding effect of flow experience on performance in a 

marathon race. Psychology of Sport and Exercise, 10(1), 168–174. 

https://doi.org/10.1016/j.psychsport.2008.07.001 

No manipulation here. I think this may be worth including 

because of the manipulation of time. Although, the first 

measure of flow was taken from 10km into the marathon, 

hence, not a proper baseline measure. Hence, this should be 

excluded. 

Schüler, Julia, & Nakamura, J. (2013). Does flow experience lead to risk? How and for whom. Applied 

Psychology: Health and Well-Being, 5(3), 311–331. https://doi.org/10.1111/aphw.12012 

 

Scott-Hamilton, J., Schutte, N. S., Moyle, G. M., & Brown, R. F. (2016). The relationships between 

mindfulness, sport anxiety, pessimistic attributions and flow in competitive cyclists. International 

Journal of Sport Psychology, 47(2), 103–121. Scopus. https://doi.org/10.7352/IJSP.2016.47.103 

 

Shirzad, N., & Van Der Loos, H. F. M. (2016). Evaluating the user experience of exercising reaching 

motions with a robot that predicts desired movement difficulty. Journal of Motor Behavior, 48(1), 31–

46. https://doi.org/10.1080/00222895.2015.1035430 

Flow not a primary outcome of the inquiry. 

Szabolcs, Z., Szabo, A., & Köteles, F. (2019). Acute psychological effects of aikido training. Baltic 

Journal of Sport & Health Sciences, 112(1), 42–49. s3h. 

Pre and post measures were not included for flow measures, 

and no control group. Interestingly, the flow recorded 

following the aikido was only compared with other tasks that 

were reported in other studies. 

Thin, A. G., Hansen, L., & McEachen, D. (2011). Flow experience and mood states while playing body 

movement-controlled video games. Games and Culture, 6(5), 414–428. 

https://doi.org/10.1177/1555412011402677 

No proper control and pre and post measures of flow were 

taken. Only a comparison between different types of video 

games were made. 

https://doi.org/10.1111/j.1559-1816.2013.01045.x
https://doi.org/10.1123/jsep.2013-0191
https://doi.org/10.1016/j.psychsport.2008.07.001
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https://doi.org/10.7352/IJSP.2016.47.103
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Wollseiffen, P., Schneider, S., Martin, L. A., Kerhervé, H. A., Klein, T., & Solomon, C. (2016). The 

effect of 6 h of running on brain activity, mood, and cognitive performance. Experimental Brain 

Research, 234(7), 1829–1836. https://doi.org/10.1007/s00221-016-4587-7 

No manipulation.  
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Supplementary file 4. MMAT responses and reviewer comments 

Reference Category of 

study design 

Methodological quality criteria Responses 

Yes No Can’t tell Comments 

Aherne et al. 

(2011) 

 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R3   R3: There is no research question or clear 

statement about the aim of this study other 

than “there is a need for research examining 

the effect of mindfulness training on athletes’ 

flow experiences”. If we are considering this 

an RQ, I would say yes, but, if not, it would be 

a no. 

S2. Do the collected data allow to address the 

research questions? 

R1/R3   R3: This could be dictated by the above. As we 

know what the researchers sought to do, I 

would go for yes. 

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

2. Quantitative 

randomised 

controlled trials 

 

2.1. Is randomisation appropriately performed? R1/R3   R1: Initially unsure but appropriate 

randomisation confirmed by the second 

author. 

2.2. Are the groups comparable at baseline? R1/R3    

2.3. Are there complete outcome data? R1/R3    

2.4. Are outcome assessors blinded to the 

intervention provided? 

 R1/R3  R3: On the basis that they sent reminder 

messages 

2.5 Did the participants adhere to the assigned 

intervention? 

  R1/R3 R4: A timetable was given to participants to 

check off as they completed the assigned 

exercises, but the no manipulation check was 

carried out/reported. 

Alanagh and 

Atashgahian 

(2017) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R2    

S2. Do the collected data allow to address the 

research questions? 

R1/R2    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

3.1. Are the participants representative of the 

target population? 

R1/R2    

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R2/R1   R1: The shooting test was very vague and 

difficult to understand. The authors mention 

trick arrows and trick shooting without 

explanations as to what either is. 

 

R2: FSS-2 and shooting performance. 



3.3. Are there complete outcome data?   R1/R2 R1: There is no summary of group flow scores 

or n to determine missing data, completion etc. 

 

R2: The flow data presented are unclear. Also, 

only 15/50 participants went on to complete 

the main part of the study, with no rationale as 

to why. 

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R2 R1: They did stratify participants based on 

their imagery ability – which also was 

assessed for homogeneity at baseline. 

However, there is no mention of controlling for 

participants training regime (physical and 

psychological) between each session over the 

course of the study. 

 

R2: The groups could have been matched 

based on the key outcome measure at baseline; 

however, the population seems quite 

homogenous (albeit small). It also seems like 

an effort was made to standardise the training 

sessions between groups but not much detail 

provided. 

 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R2    

Barry et al. 

(2016) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R4    

S2. Do the collected data allow to address the 

research questions? 

R1/R4    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

2. Quantitative 

randomised 

controlled trials 

 

2.1. Is randomisation appropriately performed? R1/R4    

2.2. Are the groups comparable at baseline?  R1/R4  R1: Flow and technology acceptance (UTAUT) 

baseline measures were taken after 

participants complete their initial allocated 

program-specific exercise. This resulted in 

differences in flow scores at baseline (i.e., 

greater flow scores for the Kinect players). 

 

R4: Significant difference in flow, and 

apparent differences in other variables but not 

stated (see Table 2). 



2.3. Are there complete outcome data? R1/R4   R1: 44/47 completed the assessment – 94% 

completion. It is suggested that anywhere 

between 80% - 95% can be considered as 

complete outcome data. Data lost to technical 

errors in data capture. 

2.4. Are outcome assessors blinded to the 

intervention provided? 

 R1/R4  R4: All testing completed by the first author 

who was not blind to the intervention. 

2.5 Did the participants adhere to the assigned 

intervention? 

R1/R4    

Briegel-Jones 

et al. (2013) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R4    

S2. Do the collected data allow to address the 

research questions? 

R1/R4    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

3.1. Are the participants representative of the 

target population? 

R1/R4    

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R4    

3.3. Are there complete outcome data? R1/R4    

3.4. Are the confounders accounted for in the 

design and analysis? 

 R1/R4  R1: Different training sites were used for the 

control and experimental group. 

   

R1: The data were collected during a 

competitive season with no mention of 

measures taken to control the potential 

influence of performances outcomes on ratings 

of dispositional flow. 

 

R4: No covariates were assessed in the 

analysis. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

 R1/R4  R1: It was noted by the authors that, due to 

unforeseen circumstances, not all participants 

were able to attend every scheduled yoga 

session. 

 

R3: 5 of 21 participants missed one yoga 

session during the 10 weeks 

Carraca et al. 

(2018) 

S1. Are there clear research questions?  R1/R4  R4: The research question is extremely broad 

“explore and examine the impact” of the 



Screening 

questions (for all 

types) 

intervention – to me this is not a ‘clear 

research question’ 

S2. Do the collected data allow to address the 

research questions? 

R1/R4    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

3.1. Are the participants representative of the 

target population? 

  R1/R4 R4: Title refers to “elite athletes”, but method 

refers to elite club level soccer players 

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R4    

3.3. Are there complete outcome data? R1/R4   R1: Only 1 participant was lost in the control 

group, and 2 lost in the experimental group 

(transfer market and sport injury). 

 

R4: Three participants did not complete but 

otherwise it appears that there are complete 

outcome data 

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R4 R1: Not sure how they control what is done 

between each of the weekly sessions. For 

example, are participants playing football 

during this 8 week period? Would their match 

day or regular team 

practice/performances/experiences directly 

influence the DVs? 

 

R4: e.g., no covariates included in analysis. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

  R1/R4 R4: One might assume so but this does not 

appear to be explicitly stated. 

Chen et al. 

(2019) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R2    

S2. Do the collected data allow to address the 

research questions? 

R1/R2   R2: There was no standardised measure of 

performance so this part of the research 

question could not be addressed 

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

  R1/R2 R2: Objective is to assess elite athletes but 

then amateur athletes were recruited. Later in 

the discussion they are described as an elite 

team so this is unclear 



3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

 R1/R2  R1: The FSS-2 is a state based measure of flow 

but these measures did not appear to be taken 

after any form of activity (this is likely for any 

time point, but I think we can be certain that 

T0 was not taken after an activity/sports 

performance). I think the appropriate measure 

would have been the DFS-2 (relating to 

“sports performance”, and how that may 

change over the course of the workshop 

sessions). 

 

R2: It’s unclear what the participants were 

told to think about when completing the CSAI-

2R and FSS-2; I assume it was their most 

recent match but this is not stated clearly. It 

would also be useful to know how long ago the 

most recent match was. Performance measure 

not appropriate. 

3.3. Are there complete outcome data? R1/R2    

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R2 R1: Not sure how they control what is done 

between each of the sessions. 

The participants personal mindfulness practice 

time was recorded. 

 

R2: No control group so it’s unclear what the 

effect of time and exposure to the researchers 

had on the outcome measures. Researchers 

report some statistics on run average, walks 

and hitting contributions etc. but this is heavily 

dependent on the opposition performance. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R2    

Glass et al. 

(2019) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R4    

S2. Do the collected data allow to address the 

research questions? 

R1/R4    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

2.1. Is randomisation appropriately performed? R1/R4   R1: First author clarified the use of a digital 

coin flip algorithm to assign participants to 



2. Quantitative 

randomised 

controlled trials 

 

either the MSPE condition or the Waiting List 

controls. 

2.2. Are the groups comparable at baseline? R1/R4    

2.3. Are there complete outcome data? R1/R4    

2.4. Are outcome assessors blinded to the 

intervention provided? 

 R1/R4   

2.5 Did the participants adhere to the assigned 

intervention? 

  R1/R4 R1: There were fairly high attrition rates – as 

noted by the authors. Treatment “completers” 

were those who attended 5 or 6 sessions out of 

6. 41% attended 4 or less. Data analysis was 

only performed on the participants who were 

completers. 

 

R4: Unclear what the criteria for adequate 

adherence are – paper states “Of the 

combined 49 athletes who received training 

and completed both pre- and post-assessments, 

45 attended at least two sessions, 40 at least 

three, 32 at least four, and the 20 athletes who 

attended at least five sessions (and thus 

received most or all of the intervention) were 

deemed treatment “completers.” 

Hill et al. 

(2020) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R2   Impact of mindfulness training on flow 

experience and running economy 

S2. Do the collected data allow to address the 

research questions? 

R1/R2    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

2. Quantitative 

randomised 

controlled trials 

 

2.1. Is randomisation appropriately performed?   R1/R2  

2.2. Are the groups comparable at baseline? R1/R2   R1: No difference in flow at baseline between 

the control and experimental groups. 

 

R4: No significant differences. 

2.3. Are there complete outcome data? R1/R2   R4: No mention of any missing data. 

2.4. Are outcome assessors blinded to the 

intervention provided? 

 R1/R2  R4: No mention of blinding. 

2.5 Did the participants adhere to the assigned 

intervention? 

R2/R1   R1: Participants kept a log of their 

mindfulness practice in a diary that was 

handed back to the researchers at the end of 

the intervention phase.  

R4: No reason to believe they did not. 



Karageorghis 

et al. (2008) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R4    

S2. Do the collected data allow to address the 

research questions? 

R1/R4    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R4    

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R4    

3.3. Are there complete outcome data? R1/R4   R4: Although little/no data provided about 

missing data or dropouts – implies that neither 

of these occurred. 

3.4. Are the confounders accounted for in the 

design and analysis? 

R1/R4   R4: Factors such as gender and music 

preference considered in analysis 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R4   R4: Appears to have been administered as 

intended – with limations noted afterwards 

Karageorghis 

and Jones 

(2014) (Study 

1) 

 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R3    

S2. Do the collected data allow to address the 

research questions? 

R1/R3    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

5. Mixed 

methods 

 

 

 

 

3.1. Are the participants representative of the 

target population? 

 R1/R3  R3: No target population (i.e., exercisers, 

students etc.) was stated? 

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R3    

3.3. Are there complete outcome data? R1/R3    

3.4. Are the confounders accounted for in the 

design and analysis? 

R1/R3   R3: The interaction considered other 

variables. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R3    

Kaufman et 

al. (2009) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R2    

S2. Do the collected data allow to address the 

research questions? 

R1/R2    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 



3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R2    

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R2    

3.3. Are there complete outcome data?  R1/R2  R1: There was a substantial amount of missing 

data. 

 

R2: Flow data reported pre-post on only 7/11 

archers and 14/21 golfers. 

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R2 R2: No control group so it’s unclear what the 

effect of time and exposure to the researchers 

had on the outcome measures 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

 R1/R2  R1: The average number of the 4 planned 

sessions attended was 2.97. Only 72.4% of 

participants attended 3 or 4 out of 4 sessions. 

This dropout rate is too high to be considered 

as administered as intended. 

 

R2: Only 11/29 participants attended all 

intervention sessions 

Kawabata 

(2018) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R2    

S2. Do the collected data allow to address the 

research questions? 

R1/R2    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

2. Quantitative 

randomised 

controlled trials 

 

2.1. Is randomisation appropriately performed?   R1/R2  

2.2. Are the groups comparable at baseline?   R1/R2 R1: There are no comparable baseline 

measures. Although, this is not a concern in a 

multi-level model. 

 

R2: There are no subject characteristics 

reported between groups. There are no 

significant differences in measures at week 1 

but this isn’t really baseline as it occurred 

after the first PE session. 

2.3. Are there complete outcome data? R1/R2    

2.4. Are outcome assessors blinded to the 

intervention provided? 

 R1/R2  R2: No mention of blinding 

2.5 Did the participants adhere to the assigned 

intervention? 

R1/R2    



Koehn and 

Díaz-Ocejo 

(2016) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R4    

S2. Do the collected data allow to address the 

research questions? 

R1/R4    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R4   R4: Although sample size is small, it 

represents the target population 

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R4    

3.3. Are there complete outcome data? R1/R4    

3.4. Are the confounders accounted for in the 

design and analysis? 

 R1/R4  R1: There are no details around the training 

schedule during the 4 week intervention phase. 

Training during the intervention phase may 

contribute to the flow experiences during the 

post-intervention phase. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R4   R4: All participants completed 12 sessions 

over 4 weeks. 

Koehn et al. 

(2014) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R2    

S2. Do the collected data allow to address the 

research questions? 

R1/R2   R2: Inappropriate design as far as I’m 

concerned - but feasible to appraise further 

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

3.1. Are the participants representative of the 

target population? 

  R1/R2 R1: It’s difficult to generalise these findings to 

competitive performances outside of junior 

tennis. 

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R2    

3.3. Are there complete outcome data? R1/R2    

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R2 R1: It is unclear what was measures were 

taken to control any confounding variables 

during the six week intervention phase between 

baseline and post-intervention measures were 

taken. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

 R1/R2   



Lee et al. 

(2018) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R2    

S2. Do the collected data allow to address the 

research questions? 

R1/R2    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

2. Quantitative 

randomised 

controlled trials 

 

2.1. Is randomisation appropriately performed?   R1/R2 R1: First author was unsure of randomisation 

procedure as data were collected from a 

cohort that was part of a larger study.  

2.2. Are the groups comparable at baseline? R1/R2   R2: Flow scores similar at baseline from Table 

1 

2.3. Are there complete outcome data? R1/R2   R2: Three dropouts 

2.4. Are outcome assessors blinded to the 

intervention provided? 

 R1/R2   

2.5 Did the participants adhere to the assigned 

intervention? 

  R1/R2 R2: The number of sessions that participants 

completed was not reported in results. It would 

be assumed that some participants would miss 

some sessions in a program of 6 sessions x24 

weeks 

Lindsay et al. 

(2005) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R2    

S2. Do the collected data allow to address the 

research questions? 

R1/R2    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R2    

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R2   R2: Flow – R2 (FSS); Performance – no (open 

race result) 

3.3. Are there complete outcome data? R1/R2    

3.4. Are the confounders accounted for in the 

design and analysis? 

 R1/R2  R1: The ecological/competitive nature of this 

study opens itself up to potential confounds. 

For instance, one participant noted race 5 as 

her most important of the season, which was 

one trial before the intervention. These sorts of 

things were not controlled for, but 

acknowledged in the discussion. 

R2: May include course, location, opponents, 

environment, mood. etc 



3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R2    

Nicholls et al. 

(2005) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R3    

S2. Do the collected data allow to address the 

research questions? 

R1/R3   R3: I do think that the negative effects of the 

intervention are very interesting here. No clear 

link to flow though. 

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R3   R3: A very homogenous sample. Small but to 

be expected with the study design.  

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R3   R3: I would add that it doesn’t really seem that 

appropriate to measure with the DFS-2 after a 

round (it could be taken at any time).  

3.3. Are there complete outcome data? R1/R3   R3: No dropouts  

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R3 R1: The difficulty in controlling confounds in 

competitive golf were acknowledged but not 

accounted for in the design and analysis. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R3   R3: Appears to have been and good to see 

adherence was monitored. 

Norsworthy 

et al. (2018) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R4    

S2. Do the collected data allow to address the 

research questions? 

R1/R4    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

 R1/R4  R1: It might be difficult to generalise findings 

with elite rock climbers to all other types of 

elite athletes. 

 

R4: Title refers to “elite athletes” whereas 

participants are only 4 elite rock climbers (i.e., 

not representative) 

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R4    

3.3. Are there complete outcome data? R1/R4    

3.4. Are the confounders accounted for in the 

design and analysis? 

 R1/R4  R4: Gender of participants not mentioned; 

means presented in tables without checking 



baseline differences – could they have better 

accounted for individual differences? Different 

climbing routes used by different participants 

– “challenging but achievable” selection of 

these routes do not appear to have been 

assessed. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

  R1/R4 R4: Social validation taken but not concerned 

with fidelity/adherence to the intervention. No 

other data seems to have been provided as to 

whether the intervention occurred as intended. 

Pain et al. 

(2011) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R3    

S2. Do the collected data allow to address the 

research questions? 

R1/R3    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R3   R3: Homogenous, university athletes, one 

sport 

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

 R1/R3  R3: Why wasn’t the FSS-2 used? Issues had 

been identified with the FSS. 

3.3. Are there complete outcome data? R1/R3    

3.4. Are the confounders accounted for in the 

design and analysis? 

 R1/R3  R1: All participants are from the same team; 

although, the demands of each participant and 

expertise of the opposition players are difficult 

to control. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R3   R2: Use of different phases is good here. 

Park and Noh 

(2017) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R3   R3: Very weak 

S2. Do the collected data allow to address the 

research questions? 

R1/R3    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

  R1/R3 R3: Not target population was stated. 

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

 R1/R3   



3.3. Are there complete outcome data? R1/R3    

3.4. Are the confounders accounted for in the 

design and analysis? 

R1/R3    

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

  R1/R3  

Pates (2013) Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R3    

S2. Do the collected data allow to address the 

research questions? 

R1/R3    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R3   R3: But I would add that this is a small 

sample. So is it adequate? I am not sure, but it 

is typical in intervention studies. 

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R3    

3.3. Are there complete outcome data? R1/R3    

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R3 R1: There are elements of ecologically valid or 

competitive settings which make controlling 

confounds difficult (e.g. expertise of 

competitors, difficulty of playing conditions, 

importance of tournament). 

 

R1: There is no indication of what golf 

practice/rounds were performed during the 7 

day interval between baseline and intervention 

phases. 

 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R3    

Pates et al. 

(2012) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R4    

S2. Do the collected data allow to address the 

research questions? 

R1/R4    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

3.1. Are the participants representative of the 

target population? 

R1/R4   R4: Elite golfers – and these 3 participants 

were on the European Tour. 



 3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R4    

3.3. Are there complete outcome data? R1/R4    

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R4 R1: There are elements of ecologically valid or 

competitive settings which make controlling 

confounds difficult (e.g. expertise of 

competitors, difficulty of playing conditions, 

importance of tournament). 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R4   R1: While the individualised interventions 

differed among participants, they appear to be 

administered as intended.  

 

R4: Participants reported they were satisfied 

with their routines during practice. 

Pates et al. 

(2002) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R3    

S2. Do the collected data allow to address the 

research questions? 

R1/R3    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R3    

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R3   R3: At the time, this measure was okay, but 

now issues have been identified. Could be a N 

but have left as Y for now as the authors 

couldn’t have decided it, although we are 

judging the quality of evidence now. 

3.3. Are there complete outcome data? R1/R3    

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R3 R1: There is no indication of what measures 

were taken to control or standardise the 

basketball training or matches that 

participants were involved in between the 

baseline and intervention phase. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R3    

Pates et al. 

(2003) 

S1. Are there clear research questions? R1/R2   R2: The efficacy of a hypnotic intervention on 

flow state and competitive cycling performance 



Screening 

questions (for all 

types) 

S2. Do the collected data allow to address the 

research questions? 

R1/R2   R2: But inappropriate performance test 

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R2    

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R2   R2: Flow – R2 (FSS); Performance – no (open 

race result) 

3.3. Are there complete outcome data?  R1/R2  R1: It appears as though participant 2’s 

performance data is a duplicate of participant 

1. 

3.4. Are the confounders accounted for in the 

design and analysis? 

R1/R2    

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

  R1/R2 R1: It is difficult to suggest that the baseline 

measures were stable prior to the introduction 

of the intervention. 

Pates and 

Maynard 

(2000) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R3    

S2. Do the collected data allow to address the 

research questions? 

R1/R3    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R3    

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R3   R3: At the time, this measure was okay, but 

now issues have been identified. Could be a N 

but have left as Y for now as the authors 

couldn’t have decided it, although we are 

judging the quality of evidence now. 

3.3. Are there complete outcome data? R1/R3    

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R3 R1: There is no indication of what measures 

were taken to control or standardise the golf 

practice or competitions that participants were 

involved in between the baseline and 

intervention phase. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R3    

S1. Are there clear research questions? R1/R4    



Pates et al. 

(2001) 

Screening 

questions (for all 

types) 

S2. Do the collected data allow to address the 

research questions? 

R1/R4    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R4   R4: Target population is “golfers”. 

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R4    

3.3. Are there complete outcome data? R1/R4    

3.4. Are the confounders accounted for in the 

design and analysis? 

  R1/R4 R1: There is no indication of what measures 

were taken to control or standardise the golf 

practice or competitions that participants were 

involved in between the baseline and 

intervention phase. 

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R4    

Perry et al. 

(2017) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R3    

S2. Do the collected data allow to address the 

research questions? 

R1/R3    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

2. Quantitative 

randomised 

controlled trials 

 

2.1. Is randomisation appropriately performed? R1/R3   R3: Randomisation referred to, albeit not 

explained. 

2.2. Are the groups comparable at baseline? R1/R3    

2.3. Are there complete outcome data? R1/R3    

2.4. Are outcome assessors blinded to the 

intervention provided? 

 R1/R3   

2.5 Did the participants adhere to the assigned 

intervention? 

R1/R3    

Scott-

Hamilton and 

Schutte 

(2016) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R2    

S2. Do the collected data allow to address the 

research questions? 

R1/R2   R1: This study does include a qualitative 

component (narrative response to a question in 

a logbook). However, these data are not 

analysed, only presented as 

descriptives/examples in a table. As such they 

do not meet criteria (b) of mixed methods study 

criteria.    



Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

3. Quantitative 

nonrandomised 

 

3.1. Are the participants representative of the 

target population? 

R1/R2    

3.2. Are measurements appropriate regarding 

both the outcome and intervention (or 

exposure)? 

R1/R2    

3.3. Are there complete outcome data? R1/R2    

3.4. Are the confounders accounted for in the 

design and analysis? 

R1/R2    

3.5. During the study period, is the intervention 

administered (or exposure occurred) as 

intended? 

R1/R2    

Scott‐

Hamilton et 

al. (2016) 

Screening 

questions (for all 

types) 

S1. Are there clear research questions? R1/R4    

S2. Do the collected data allow to address the 

research questions? 

R1/R4    

Further appraisal may not be feasible or appropriate when the answer is ‘No’ or ‘Can’t tell’ to one or both screening questions. 

2. Quantitative 

randomised 

controlled trials 

 

2.1. Is randomisation appropriately performed? R1/R4    

2.2. Are the groups comparable at baseline?  R1/R4  R1: The control group was significantly higher 

than the intervention group on pre-test 

mindfulness scores. This different had a 

medium effect size. 

 

R4: Comparable on most aspects but there is a 

difference in mindfulness at baseline. 

2.3. Are there complete outcome data? R1/R4    

2.4. Are outcome assessors blinded to the 

intervention provided? 

 R1/R4   

2.5 Did the participants adhere to the assigned 

intervention? 

 R1/R4  R4: Unsure what the criteria for adequate 

adherence is – there are slight differences 

between groups in terms of number of 

participants dropping out/providing follow up 

data, and statistics are reported for fidelity 

which wasn’t 100% throughout. 

 


	A Systematic Review of Flow Interventions in Sport and Exercise_ACCEPTED.pdf
	Table 1.pdf
	Table 2.pdf
	Table 3.pdf
	Table 4.pdf
	Table 5.pdf
	Supplementary file 1.pdf
	Supplementary file 2.pdf
	Supplementary file 3.pdf
	Supplementary file 4.pdf

