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Abstract 1 

The flow experience is a state in which people are completely concentrated and 2 

immersed in an activity. This positive psychology concept is relevant to both performance and 3 

subjective well-being in a range of activities, but it is difficult to measure: the usual methods 4 

of questionnaires and physiological measurements are inappropriate for many applied settings 5 

and may interfere with the flow state itself. The aim of the present study was to demonstrate 6 

the feasibility of a third approach, observation-based flow measurement, by developing and 7 

validating the Flow Observational Grid (FOG). The FOG is composed of three dimensions 8 

scored by an independent observer: concentration, joy and frustration. The psychometric 9 

properties of the grid were assessed in a sample of 50 participants each playing nine short video 10 

game sessions. Recordings of the 450 video game sessions were coded by two observers with 11 

the FOG, and the convergence between FOG scores and a flow questionnaire was assessed. 12 

The FOG demonstrated very good inter-rater reliability, as well as convergent validity with the 13 

short version of the FSS. Our results show that it is possible to assess flow using observation-14 

based methods as an alternative to more accurate measures, which may be useful in many 15 

contexts where physiological and self-reported measures are not practical. 16 

 17 
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The concept of flow (defined as a state in which people are completely concentrated 1 

and immersed in an activity; Csikszentmihalyi, 1990) is especially relevant because being in a 2 

flow state is related to positive psychological functioning. For example, the flow state is 3 

associated with satisfaction with life and subjective well-being (Asakawa, 2004; Fritz & Avsec, 4 

2007); flow improves well-being in the workplace (Bakker, 2005), and a flow state bolsters 5 

positive emotions in (video)games (Rankin et al., 2018). It is also associated with higher 6 

performance in a range of activities such as sports (Jackson et al., 1998; Swann et al., 2012), 7 

music (Iusca, 2015; Stavrou et al., 2007) or education (Erhel & Jamet, 2019). 8 

Despite its relevance to many aspects of positive psychological functioning, measuring 9 

flow is not straightforward. To date, two major methods are available to assess flow states: 10 

self-reports and physiological measures; both have significant limitations in applied contexts. 11 

The objective of the current study was to test the possibility of using a third method to assess 12 

flow: direct observation of the participant and scoring on a Flow Observational Grid (FOG) 13 

(Addessi et al., 2006, 2012, 2015; Borderie & Michinov, 2016; Custodero, 1998, 2005). 14 

Flow Theory relevant to Measurement and Observation 15 

Flow is often described with nine components (Csikszentmihalyi, 1990, 1997; 16 

Csikszentmihalyi et al., 2005), on which flow measurement could be based. Three of these 17 

components are proximal conditions of flow, necessary for a flow state to occur, and the other 18 

six are consequences of the flow state (see Kawabata & Mallett, 2011; Nakamura & 19 

Csikszentmihalyi, 2014). The proximal conditions are (i) balance between challenge and skills, 20 

which allows the person to feel that the situation is both challenging and manageable. When 21 

there is an imbalance then it can create a state of anxiety (skills below demands), a state of 22 

boredom (skills higher than demands) or even apathy; (ii) the activity must provide specific 23 

goals to keep the person’s attention focused; and (iii) clear feedback must be provided to allow 24 

the person to adjust their progression. The following six dimensions are aspects of the flow 25 
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state itself: (iv) loss of self-consciousness: the person is focused only on the activity, forgetting 1 

their usual concerns; (v) merging of action and awareness; the person and the activity are not 2 

dissociated; (vi) altered sense of time: time goes more quickly or more slowly; (vii) intense 3 

concentration: all attentional resources are invested in the task, while other stimuli are ignored; 4 

(viii) sense of control: the person has the perception of being able to control the situation; and 5 

(ix) the activity becomes autotelic: performing the activity is a goal in itself. Among these nine 6 

aspects of flow, some are highly subjective and would be impossible to observe directly (e.g. 7 

altered sense of time, sense of control), but some key components of flow can lend themselves 8 

to observation. In particular, two components constitute the core of the original definition of 9 

flow (Csikszentmihalyi, 1975) and both are observable: absorption in the activity and 10 

enjoyment of the activity.  11 

Absorption in the activity in particular is usually viewed as the main feature of the flow 12 

state (Nakamura & Csikszentmihalyi, 2014; Pace, 2004; Swann et al., 2012). The idea of 13 

absorption is intrinsically related with attentional resources, which are central to flow theory 14 

(Weber et al., 2009): based on the “fixed capacity” model of attentional processing (Kahneman, 15 

1973), the attentional resources of individuals are limited. Thus, as soon as an individual is 16 

focused on a task and experiences a flow state, their resources are fully invested and they no 17 

longer have attentional resources to perform another task. This in turn can impact certain self-18 

reflective processes, such as time perception and self-consciousness. This state of attention is 19 

peculiar, in that people in a flow state have no subjective feeling of mental effort 20 

(Csikszentmihalyi, 1990). The activity seems less demanding in terms of attention and efforts, 21 

despite the fact that attention is being fully invested in the task; the positive valence of the 22 

activity can explain this paradox (Moller et al., 2010). Critically, attention to the activity can 23 

be observed by behavioral indices such as location of the gaze and facial expressions (e.g. 24 

Borderie & Michinov, 2016). 25 



 5 

The second essential aspect of flow is the autotelic nature of the experience, which is 1 

often equated with enjoyment with the activity (e.g. Csikszentmihalyi, 1975; Jackson et al., 2 

2008). The state of flow is usually associated with positive emotions (Michailidis et al., 2018), 3 

and there is a link between the level of flow and the level of positive affects, such as satisfaction 4 

and enjoyment, confirming that they are components of the flow experience (Asakawa, 2004; 5 

Rogatko, 2009). It is also possible to observe certain external manifestations of enjoyment or 6 

pleasure: facial expressions, such as smiles, and exclamations of joy. 7 

Although flow is often associated with enjoyment, different kinds of emotion are valid 8 

components of the flow experience (Borderie & Michinov, 2016). This idea stems from the 9 

component of "balance between challenges and skills", one of the proximal conditions of flow: 10 

given that a flow experience requires a balanced challenge (neither boredom nor anxiety), it 11 

seems necessary to experience positive emotions related to success, but it also seems necessary 12 

to experience frustration related to unsuccessful outcomes and to keep trying (Kiili, 2006). 13 

Frustration can increase the person’s commitment to the activity and help them stay focused. 14 

In other words, negative feedback during an activity is not necessarily detrimental to the flow 15 

experience: if the subject detects that they have the skills to meet the challenge, the usefulness 16 

of the feedback is more important to elicit pleasure than the valence of the feedback 17 

(Csikszentmihalyi et al., 2005). In this view, a feeling of frustration can help remain 18 

concentrated and provide excitation (Lazzaro, 2009). This suggests frustration as a third 19 

possible observable aspect of the flow experience. 20 

Frustration has rarely been studied in the context of flow, but it can be viewed as a 21 

credible aspect of the flow experience (Kaye et al., 2018), and it has been considered an 22 

observable behavior contributing to flow in at least one observational study (Borderie & 23 

Michinov, 2016). In the context of video games (the activity used in the current study), failure 24 

and frustration are necessary for a feeling of overall satisfaction (Lyons, 2015). In addition to 25 
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helping to remain focused, the emotion of frustration can ultimately create positive emotions 1 

when it is overcome during the game (Birk et al., 2015), and feelings of frustration are 2 

necessary to generate a feeling of overall satisfaction at the end of the game (Lyons, 2015). For 3 

all these reasons, observable behaviors of frustration can contribute to the proximal condition 4 

of balance between challenges and skills1. 5 

Existing Flow Measures and their Limitations 6 

 Self-report is the most common way to measure flow. A particular form of self-report 7 

is the experience sampling method. Csikszentmihalyi and colleagues (1977) used this approach 8 

by equipping participants with a pager that ringed at random times during the day. As soon as 9 

they received an alert, participants had to immediately report their activity and respond to a 10 

short flow questionnaire. This method is used in studies performed in ecological contexts, when 11 

the participants evolve in their natural environment. However, this approach can interrupt an 12 

ongoing flow state, and it does not allow to study the flow during a specific activity. Moreover, 13 

there is only a low probability that the participant will be in a flow state when the signal is sent. 14 

Another possibility is self-report questionnaires, completed during or after an activity. 15 

Many scales exist; some of the most frequently used are the Flow State Scale (Jackson & 16 

Marsh, 1996) and the Flow Short Scale (Rheinberg et al., 2002). For example, the Flow State 17 

Scale (FSS) is a self-reported questionnaire to be completed by the participant directly after an 18 

activity has been completed. The nine dimensions of flow originally described by 19 

Csikszentmihalyi (1990) are evaluated by 4 items each. A short version (9 items, 1 item for 20 

each 9 dimensions) was also developed (Jackson et al., 2008). This scale has been used in 21 

various domains, ranging from physical activity to video games (e.g. Iusca, 2015; Kivikangas, 22 

                                                      
1 It is also worth noting that both positive and negative emotions draw the player’s attention and refocus it on the 

game (Lazzaro, 2004, 2009); both types of emotions demonstrate the player’s commitment (Borderie & Michinov, 

2016). The interaction between positive and negative emotions can be perceived as a way to keep the player 

concentrated and engaged (Lazzaro, 2009), and frustration behaviors could thus also possibly reflect attention to 

the activity. 
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2006; J. J. Martin & Cutler, 2002). A large number of other scales have been developed to 1 

assess flow in specific activities; examples include the use of social networks (Kaur et al., 2 

2016), video games (Fang et al., 2013; Fu et al., 2009), education (Heutte et al., 2014) or 3 

musical creation (Wrigley & Emmerson, 2013).  4 

The method of self-report is effective, allows for the measurement of even highly 5 

subjective aspects of the flow state, and has been used in countless past studies to understand 6 

psychological determinants of the flow state and its relations with other psychological 7 

variables. However, questionnaires involve two serious limitations, which are also shared with 8 

the experience sampling method. First, some people may not have access to their subjective 9 

experiences or may not be able to report them; this is especially an issue with children. In fact, 10 

children tend to have weak metacognitive skills leading to difficulty in assessing their 11 

subjective states (Fisher, 1998), and limited communication skills that can prevent them from 12 

reporting on these subjective states (Shamir et al., 2009). Second, questionnaires require in-13 

depth introspection, which is not compatible with the flow state (intense concentration, loss of 14 

self-consciousness: (Brewer et al., 1991; Nakamura & Csikszentmihalyi, 2014). In other words, 15 

asking individuals whether they are in a flow state can be expected to disrupt the flow state. In 16 

certain contexts it is not possible to interrupt people during or even after the activity to complete 17 

a self-report, precluding the use of self-reports entirely. In other cases, questionnaires can be 18 

used retrospectively, but this requires individuals to reconstruct a memory of their past 19 

experience, which can be unreliable (e.g. Ericsson & Simon, 1980). 20 

Assessing the flow state during the activity itself (online) would be an appropriate 21 

solution in certain contexts to avoid some of the limits of the questionnaire method. To this 22 

end, a few studies have assessed flow with physiological measurements, such as 23 

electroencephalography (Nacke et al., 2011), salivary cortisol level (Tozman et al., 2017), or 24 

cardiovascular function and electromyography (de Manzano et al., 2010). For example, heart 25 
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rate variability is reduced when there is a match between skills and challenge level (Keller et 1 

al., 2011). Another study showed a link between flow state (measured by self-reported 2 

questionnaire) and decrease in heart rate variability with pianists (de Manzano et al., 2010). An 3 

inverted U relation was found between salivary cortisol level (a stress hormone) and flow state: 4 

flow experience is related to moderate increase of cortisol (Keller et al., 2011; Peifer et al., 5 

2014, 2015). 6 

Physiological indicators enable an objective evaluation of flow; with this method, flow 7 

states can also be evaluated online, without directly interfering with the person activity. This 8 

method too has important limitations, however. First, physiological data are often difficult to 9 

analyze and to interpret. Relatively few studies have used these methods, and how they perform 10 

in different contexts is still poorly known. A systematic review of psychophysiological 11 

indicators of the flow state, especially based on the peripheral nervous system, reported 12 

contradictory results, in particular concerning heart rate and cortisol level (Knierim et al., 13 

2018); the results are often unstable and contradictory within the same study (Mansfield et al., 14 

2012). The measurement equipment is also costly and can be very constraining for the 15 

participant (e.g. sensors in electroencephalography, electromyography), which makes it 16 

unsuitable for certain contexts of study (e.g. at work, during mobile activities). 17 

Observing Flow States 18 

The third possible method of flow measurement, and the focus of the present study, is 19 

the method of direct observation: observing the subject engaged in a task, either directly or in 20 

video recordings, and scoring the observed behavior as a reflect of the flow state. Very few 21 

studies have used this method, most of them with children and with musical activities (Addessi 22 

et al., 2006, 2012, 2015; Custodero, 1998, 2005). For example, Custodero (1998) used an 23 

observational grid composed of a semantic differential scale of 9 affective indicators and 10 24 

behavioral indicators to examine flow. After observing the videotapes of children playing with 25 
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a musical instrument, the observer completed the observational grid, which contained items 1 

such as “Was the child aware of peers? Was the child in flow?”. In another study, Custodero 2 

(2005) proposed three observable indices of flow: challenge seeking (e.g. activity initiated by 3 

the child, quality of movement), challenge monitoring (e.g. anticipation), and social context 4 

(e.g. awareness of adults and peers). Addessi and colleagues (2006) relied on video analyses 5 

conducted by observers, who used an observational grid that attempted to include the nine 6 

aspects of flow theory. Observers had to score each dimension based on occurrences of various 7 

criteria. 8 

A slightly different approach was used in a case study conducted to define observable 9 

indicators of a flow episode (Borderie & Michinov, 2016). The authors developed a coding 10 

scheme composed of three categories: concentration, enjoyment, and discomfort, all assessed 11 

based on two types of clues: postural / facial clues (e.g. fixed gaze, smiles, mumbles) and verbal 12 

clues (e.g. verbalization expressing joy or anger). The authors considered that "a phase of 13 

intense concentration followed by a certain degree of joy constitutes an episode of flow" 14 

(Borderie & Michinov, 2016, p. 23). In this case study, four participants played a video game 15 

and were filmed during this phase. An observer then watched this game session and coded each 16 

indicator by occurrence, relatively to the timeline of the session: that is, they reported each 17 

observable occurrence of enjoyment, discomfort, and period of concentration. Each participant 18 

then watched their video game replay and was asked to report on a timeline the mental state 19 

they had experienced during the video game session. Finally, these two timelines were 20 

compared, showing that the results collected with the observational grid were closely related 21 

to the participants' subjective experience of flow. Through interviews, participants noticed they 22 

felt frustration during flow episode, supporting the idea that frustration can reflect 23 

concentration and challenge during a flow episode. 24 
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These few studies show that it is possible to use other-report observational measures of 1 

flow, which avoids interfering directly with the ongoing activity. However, generalizing the 2 

observational grids used in these studies is not straightforward. Grids developed for the field 3 

of music education are highly specific (Addessi et al., 2006, 2012, 2015; Custodero, 1998, 4 

2005), and their psychometric qualities have never been assessed. The various coding criteria 5 

used to evaluate the flow state in these studies were sometimes very imprecise (e.g. “Was the 6 

child in flow?” in Custodero, 1998), very difficult to observe due to their highly subjective 7 

nature (e.g. “Change in the perception of time" in Addessi et al., 2006), or only allowed for 8 

qualitative descriptions of the flow state (Custodero, 2005). As for the research of Borderie and 9 

Michinov (2016), although these results are helpful in laying the groundwork for developing 10 

an observational grid, this was a case study, using a qualitative approach and including very 11 

few subjects. It is also important to note that the coding scheme used by the authors provided 12 

information about the number of flow episodes during a game session, but not about intensity 13 

of the flow state; according to Csikszentmihalyi (1992), considering the flow as an all-or-14 

nothing state is not the right approach, as optimal experience can be viewed as a continuum 15 

between micro-flow and deep-flow. These limitations highlight the need for the development 16 

of a more general observational grid. 17 

Rationale for the present study 18 

Given the features of the flow state and given the importance of assessing the flow state 19 

online and with a non-invasive and non-disruptive method, it seems that developing a method 20 

to allow observation-based assessment of flow would be relevant. Investigating an 21 

observational measure would also be a way to develop cross-method assessment, as called for 22 

by prior studies (e.g. Jackson & Marsh, 1996). A few studies have shown that such an 23 

observation-based assessment is possible, and it is now necessary to develop a more general 24 

observational grid that can complement physiological measures and self-report questionnaires. 25 
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The aim of this study was to develop such a Flow Observational Grid (FOG), which could be 1 

used to assess flow states in a wide range of activities and participant profiles. 2 

Development of the FOG was inspired by the work of Borderie and Michinov (2016) 3 

and by recent flow research, and was designed to include three observable dimensions: (1) 4 

Intense concentration on the task, which constitutes the principal characteristic of a flow state 5 

(Nakamura & Csikszentmihalyi, 2014; Pace, 2004), and is the source of three other 6 

characteristics of the flow state: time distortion, loss of self-consciousness and merging of 7 

action and awareness (Kawabata & Mallett, 2011; Nakamura & Csikszentmihalyi, 2014). (2) 8 

Enjoyment associated with the activity, as the flow state results in autotelic pleasure (Sweetser 9 

& Wyeth, 2005), and is frequently associated with positive emotions and with expressions of 10 

enjoyment about the activity (Kiili, 2006; Michailidis et al., 2018). (3) Frustration, which can 11 

be seen as a contributor of the challenge-skills balance proximal condition of flow: as a force 12 

to become more involved in the task and to keep trying (Kiili, 2006). These three dimensions 13 

have been considered together to create an index of flow by some authors, even in the context 14 

of self-report scales assessing other components of flow (see de Manzano et al., 2010). 15 

To assess the psychometric properties of the FOG, it was necessary to record behaviors 16 

during a situation that could elicit various levels of flow. We designed an experimental study 17 

where participants were invited to play 9 video game sessions, each two-minutes long. Video 18 

games have been recognized as a conductive activity to induce flow experience (Sherry, 2004), 19 

and were used in past research on observable features of the flow (Borderie & Michinov, 2016). 20 

We varied the difficulty level of the game across gaming sessions for each participant, so as to 21 

keep sessions interesting and possibly elicit more diversity in flow states by manipulating the 22 

balance between challenge and skills (for other uses of this approach, see Keller et al., 2011; 23 

Rheinberg & Vollemeyer, 2003). Two independent observers rated participant behaviors 24 

during the gaming sessions, and the reliability of the FOG was assessed through the inter-rater 25 
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agreement between the two observers. Lastly, validity of the FOG was tested by assessing its 1 

convergent (or concurrent) validity with a self-report flow state questionnaire (the Short Flow 2 

State Scale or S-FSS; Jackson et al., 2008), completed by the participant after each session. 3 

 4 

Method 5 

Flow Observational Grid (FOG) 6 

This observational instrument includes 3 dimensions: concentration, enjoyment and 7 

frustration. Observers evaluate the participant on these three dimensions by using point scales: 8 

the behavior of the subject throughout the activity receives a score on each dimension (e.g. 0 9 

on the concentration dimension for a complete lack of concentration during the task). Intensity 10 

of the flow state during the activity can then be summarized with a total score based on the 11 

three dimension scores. 12 

To ensure reliability of coding by the observers, precise criteria were created to guide 13 

coding on each dimension (we were concerned that a rating scale without descriptive anchors, 14 

such as a visual analogue scale, would elicit highly subjective ratings as to what constitutes 15 

100% frustration or enjoyment, and thus low inter-rater reliability). Rating scales were initially 16 

developed with 4-point scales for all three dimensions, which appeared to be a good 17 

compromise to ensure that descriptive anchors did not overlap and were sufficiently 18 

discriminative. However, pilot testing with a first subject (collected with the same procedure 19 

as the rest of the study, but not included in the final dataset) suggested that the rating scale for 20 

Attention lacked granularity: small fluctuations of attention were observed in the task but our 21 

initial criteria led to coding them all as maximal attention. This led to the use of a 5-point scale 22 

for this dimension to improve discrimination. The final coding criteria are summarized in 23 

Table 1. 24 

 25 
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Table 1 1 

Coding criteria for the Flow Observational Grid 2 

Dimension Possible scores 

Concentration 

0- the person’s attention is mostly focused on the environment, not the activity 

1- the person’s attention alternates between the environment and the activity 

2- the person’s attention is mostly on the activity but can be momentarily 

captured by outside distractions 

3- the person’s attention is entirely focused on the activity 

4- the person’s attention is entirely focused on the activity and the person is 

absorbed in the activity, he "talks to the activity" (e.g. ‘Go go, Faster !’) 

Enjoyment 

0- the person doesn’t express any enjoyment 

1- the person expresses few (one or two) signs of joy, and these signs are of 

limited intensity (e.g. sketch a smile) 

2- the person expresses several (three or more) signs of joy during or 

immediately after the activity (e.g. smile, signs of satisfaction or victory) 

3- the person exclaims during the activity or immediately after (e.g. ‘Yes, Yes 

!; Cool; Good Game’). 

Frustration 

0- the person doesn’t express any sign of frustration 

1- the person expresses few (one or two) signs of frustration, and these signs 

are of limited intensity (e.g. quick pouts, frowns) 

2- the person expresses several (three or more) signs of frustration during or 

immediately after the activity (e.g. grimaces, hands on the face) 

3- the person exclaims during the activity or immediately after (e.g. ‘No, No ! 

’, swearing) 

Note. Total score computed as [(concentration / 4 + enjoyment / 3 + frustration / 3) / 3] x 100. 3 

 4 

To complete the FOG, the observer has to watch the entire activity sequence. During 5 

the viewing, the observer controls whether concentration of participant is directed on the 6 

activity, and counts occurrences of enjoyment and frustration. Note that the observer is required 7 

to observe the emotions expressed both during the activity and at the end of the activity (see 8 

Table 1): indeed, task-related emotions may be expressed not during the flow experience, but 9 

at the end (Walker, 2010). Lastly, the observer chooses a score for the three dimensions based 10 

on the criteria provided in Table 1. After reporting the three dimension scores, a total score is 11 
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computed, giving equal weight to the three dimensions2: total score = [(Concentration / 4 + 1 

Enjoyment / 3 + Frustration / 3) / 3] x 100. Total scores thus range between 0 and 100. 2 

 3 

Validation Procedure 4 

Participants. 5 

A sample of 50 students participated in the study. Students were recruited through the 6 

university’s social network and came from different majors. Inclusion criteria were being a 7 

native French speaker, and playing video games for less than 25 hours a week (see Gentile, 8 

2009). The sample was composed of 31 males and 19 females, with an average age of 23.06 9 

years (SD = 3.12). 31% of participants played video games every day, 29% regularly (2-3 times 10 

per week), 24% sometimes (1 to 4 times per month) and 16% rarely (2 to 5 times per year). 11 

90% of participants had already played the video game system used in this study (a Nintendo 12 

Wii) and 24% had already played the video game used in this study. Participants received a 13 

gift voucher worth 10€ in exchange for participation after the study. All participants provided 14 

informed consent, including consent to be filmed for scientific purposes, and were informed 15 

that they were free to withdraw from the experiment at any time. The experiment was approved 16 

by the University ethics board. 17 

Materials. 18 

Video game. The video game used was Super Smash Bros. Brawl, published by 19 

Nintendo in 2008 for the Nintendo Wii console. This game has received positive reviews by 20 

the video game community. This is a fighting game taking place in an arena. The objective is 21 

to knock an opponent off the stage by using several attacks. At the end of the game, the winner 22 

is the character who has knocked its opponent out of the arena the most. Participants played 23 

                                                      
2 As noted by a reviewer, it could be theoretically meaningful to assign different weights to the three dimensions, 

but this is not typically done in questionnaire studies and such differential weights would have been arbitrary. In 

the current study, experimenting with different weights either reduced or did not change correlations with the S-

FSS. 
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with the single-player mode. To make the testing sessions more interesting, the game was 1 

played under three degrees of difficulty (in-game labels of 1/9, 4/9 and 9/9, corresponding 2 

roughly to easy, difficult and hard; note that these difficulty levels were chosen arbitrarily and 3 

did not take the player's skills into account, making them unsuitable to test the effect of 4 

difficulty on flow). Various characters and arenas were available; for this study, participants 5 

played with only one character (Link), against three different opponents (Meta-Knight, Yoshi, 6 

Fox) and in three different arenas (Castle siege, Mario circuit, Pokemon stadium). Overall, 7 

59.4% of the game sessions were won, including 89.5% of the easy game sessions, 80% of the 8 

normal sessions and only 10.1% of the difficult game sessions. 9 

Flow Questionnaire. As a convergent validity measure, the participants’ subjective 10 

state of flow was assessed with a self-report questionnaire, the Short Flow State Scale (S-FSS; 11 

Jackson et al., 2008, based on the longer version of the FSS-2: Jackson & Eklund, 2002). The 12 

S-FSS was translated into French for the purposes of this study (translation/back translation 13 

procedure; Van de Vijver & Hambleton, 1996). The S-FSS comprises nine items corresponding 14 

to the nine major components of flow: balance between challenge and skills, clear goal, 15 

unambiguous feedback, merging of action and awareness, concentration on the task, sense of 16 

control, loss of self-consciousness, transformation of time, and autotelic experience 17 

(Csikszentmihalyi, 1990). We also included an item to evaluate core flow: ‘I was totally 18 

involved in this activity’ (A. J. Martin & Jackson, 2008). Items were rated on a 5-point scale 19 

(from 1 = Strongly disagree, to 5 = Strongly agree). For the total score based on summing the 20 

10 items, internal consistency was  = .75, very similar to the result of  = .77 reported by 21 

Jackson and colleagues (2008)3. 22 

Procedure. 23 

                                                      
3 A confirmatory factor analysis, performed on data averaged per participant to account for non-independence, 

showed that the factor structure of the S-FSS had similar fit in our study (CFI = .87, RMSEA = .13, SRMR = .108) 

and in the original study of Jackson et al. (2008: CFI = .87, RMSEA = .124, SRMR = .08). All items loaded on 

the same general factor. 
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The experiment was conducted in a lab dedicated to the observation of participants and 1 

their interactions with technological devices. The lab includes a reconstructed apartment living 2 

room, which makes it possible to conduct observations in a context that is as close as possible 3 

to ecological conditions. Participants were filmed throughout each game session, with a camera 4 

centered on the head and the upper part of the bust. Subjects were informed that they were 5 

being filmed (as mentioned on the consent form), but the recordings were made with a non-6 

intrusive camera integrated in an eye-tracking system embedded in the living room television. 7 

Upon their arrival, participants were invited to read and sign the consent form and were 8 

informed that they were free to withdraw at any time, then completed the preliminary 9 

questionnaire (age, genre, degrees of skills in video-game, experience with different games and 10 

game consoles). Participants began the study with two training sessions on the game (each 2-11 

minutes long) to familiarize themselves with the controls. Each participant then completed nine 12 

successive game sessions, of two minutes each. A separate video recording was made for each 13 

session. Participants completed the S-FSS (Jackson et al., 2008) after each session. Other data 14 

was collected (physiological and eye-tracking measurements) in a broader experimental 15 

framework, but they are irrelevant to the present study and will not be examined here. 16 

In order to maintain participant interest and possibly induce variable levels of flow, 17 

levels of difficulty, opponents and arenas of play were varied throughout the sessions. For all 18 

participants, sessions 1, 4 and 7 were easy conditions, sessions 2-5-8 were normal conditions 19 

and sessions 3-6-9 were hard conditions; sessions 1-2-3 were performed with the first 20 

opponent, sessions 4-5-6 with the second and sessions 7-8-9 with the third; sessions 1-4-7 were 21 

performed in the first arena, sessions 2-5-8 in the second and sessions 3-6-9 in the third. 22 

Data processing. 23 

In total, 450 game sessions were completed by the 50 participants. Out of these 450 24 

sessions, we collected 436 usable recordings: 14 videos were excluded from the analysis 25 
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because they were either unusable (stopped video recording) or the player made an improper 1 

manipulation (e.g. quitting the game). For each session, the videos were analyzed from the 2 

beginning of the game until the moment where the final result was displayed, as per the FOG 3 

criteria. All videos were scored by the first author (Observer 1; N = 436). A subset of the videos 4 

was also analyzed independently by a second observer (Observer 2; 30% of the total, n = 133) 5 

to allow for computation of inter-rater consistency. Neither observer had participated in data 6 

collection. After each video, the observers reported the scores for each dimension. Ratings of 7 

the second observer were only used for the computation of inter-rater reliability. 8 

Statistical analysis. 9 

To investigate the psychometric properties of the FOG, we examined its discriminating 10 

power (Ferguson, 1949; Kline, 2015; Thurlow, 1950), which requires total scores to be 11 

distributed over a reasonable range, without a floor or ceiling effect; this was achieved by 12 

examining the distribution, range, skewness and kurtosis of scores. Inter-rater reliability was 13 

tested as the intra-class correlation coefficient (ICC) between ratings of the two observers using 14 

the psych package (Revelle, 2018) for R. We report ICC(2, 1), i.e. two-way random effects for 15 

a single rating (see Koo & Li, 2016; McGraw & Wong, 1996) for both absolute agreement and 16 

consistency between raters. Validity was assessed by examining the correlation between scores 17 

on the FOG and scores on the S-FSS flow questionnaire. 18 

As multiple game sessions were collected within the same participants, a potential 19 

source of bias for some analyses, especially the analysis of validity, was non-independence of 20 

the data. To confirm that this did not bias the results, we also examined properties of the FOG 21 

by averaging the nine sessions together, yielding a single data point per participant. The results 22 

of these analyses are reported in the Appendix. For the correlation between FOG and S-FSS, 23 

we also performed a multilevel analysis, using the lme4 package (Bates et al., 2015) for R, with 24 

participants treated as a random factor, S-FSS scores and level of difficulty as independent 25 
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variables, and total FOG scores as the dependent variable. Both measures were standardized to 1 

allow for estimation of the standardized slope. The results of this analysis are included in the 2 

main text. 3 

Statistical analyses are reported without controlling for variance related to difficulty 4 

level of the gaming sessions, both because it was varied specifically in an effort to elicit 5 

variability, and because it appeared to have little impact on total scores on the FOG (easy: 6 

M = 48.29, SD = 14.68; normal: M = 49.96, SD = 15.09; hard: M = 50.79, SD = 14.76; 7 

F(2, 433) = 1.06, p = .349, η²p =.00). Controlling for difficulty did not substantially change the 8 

results. Another possible concern is the effect of time, as performing nine consecutive gaming 9 

sessions could have been repetitive enough to disrupt flow. A multilevel analysis testing the 10 

effect of time (with game session treated as a numeric predictor) found a marginal increase of 11 

scores on the FOG with time, b = .07, p = .062, and a significant but descriptively weak 12 

increase of scores on the S-FSS with time, b =.23, p < .001. Thus, flow tended to slightly 13 

increase rather than decrease over successive sessions, possibly due to better handling of the 14 

game controls. Adding time as a covariate in analyses did not substantially change the results 15 

either. 16 

Results 17 

Descriptive Statistics 18 

Descriptive statistics for the FOG and the S-FSS are summarized in Table 2. Responses 19 

on the S-FSS revealed that, on average, participants experienced a high level of flow during 20 

our study (M = 3.85 out of 5, SD = 0.56; more specifically, 64.67% of testing sessions had 21 

scores above 3 on the three items of the S-FSS measuring proximal conditions of flow; see 22 

Kawabata & Mallett 2011; Kawabata and Evan, 2016). A total of 91% of all sessions had S-23 

FSS scores above the mid-range point of 3.0. Total scores on the FOG and its subdimensions 24 

were normally distributed and covered the range of possible values, except for the 25 
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Concentration dimension, where all participants had high scores (further confirming the need 1 

for a 5-point rather than 4-point scale). This result reflects intense concentration of players 2 

during this video gaming activity. Despite that, total scores on the FOG demonstrated a normal 3 

distribution with satisfying range (see Figure 1), indicating adequate discriminating power. 4 

Reliability Analysis 5 

The analysis of inter-rater agreement based on ICCs showed very good reliability for 6 

the FOG. Total scores were very similar for the two observers, not only in terms of correlation 7 

but also in terms of absolute value (consistency= .85, absolute agreement = .84), indicating that 8 

our coding criteria elicited precise ratings from the observer. Scores on the three FOG 9 

dimensions, when considered separately, also showed satisfying inter-rater agreement: this was 10 

true for Concentration (consistency = .77, absolute agreement = .76); for Enjoyment 11 

(consistency = .73, absolute agreement = .73); and for Frustration (consistency = .77, absolute 12 

agreement = .77). 13 

Validity Analysis 14 

Correlations between the various measures are summarized in Table 3. The analysis of 15 

inter-correlations between dimensions of the FOG showed a significant positive relationship 16 

between concentration and frustration, and a negative relation between frustration and 17 

enjoyment. There was no correlation between concentration and enjoyment, however; r = .00, 18 

p = .962. 19 

Convergent validity was tested by examining the correlation between the FOG and the 20 

S-FSS self-report questionnaire. As indicated in Table 3, correlations between dimensions of 21 

the FOG and the S-FSS were of similar size for concentration, enjoyment and frustration, 22 

suggesting that all three dimensions reflected aspects of the flow state. Critically, total scores 23 

on the FOG and S-FSS were significantly correlated, r(434) = .45, p < .001, indicating good 24 
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convergent validity of the observational grid. The multilevel analysis showed results very 1 

similar to the correlational analysis, with a significant relation between S-FSS and total scores 2 

on the FOG, t = 7.35, p < .001, b = .40, thus confirming that the observational grid 3 

demonstrated convergent validity with the self-reported flow measure.  4 

  5 
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 1 

Note. The range of possible scores was 1 – 5 for the S-FSS, 0 – 4 for Concentration, 0 – 3 for 2 
Enjoyment and Frustration, and 0 – 100 for total FOG scores. 3 
 4 

 5 

 6 

 7 

 8 

Figure 1. Distribution of total scores on the FOG for Observer 1. 9 
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Table 2 

Descriptive statistics for the S-FSS and for the FOG. 

Measures N M SD Skewness Kurtosis Range 

S-FSS 436 3.85 0.56 -0.23 -0.45 2.20 – 5.00 

FOG 

Observer 1 

Concentration 436 3.24 0.46 0.78 -0.29 2 – 4 

Enjoyment 436 0.66 0.88 1.08 0.05 0 – 3 

Frustration 436 1.38 1.00 0.07 -1.07 0 – 3 

Total FOG 436 49.68 14.85 0.50 0.38 16.67 – 100 

FOG 

Observer 2 

Concentration 133 3.35 0.48 0.62 -1.64 3 – 4 

Enjoyment 133 0.77 0.90 0.84 -0.36 0 – 3 

Frustration 133 1.12 0.95 0.13 -1.26 0 – 3 

Total FOG 133 49.00 15.94 0.84 1.10 25.00 – 100 
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Table 3 1 

Matrix of bivariate correlations for the FOG and S-FFS. 2 

 FOG Concentration FOG Enjoyment FOG Frustration FOG Total 

FOG Concentration -    

FOG Enjoyment .00 -   

FOG Frustration .15* -.12* -  

Total .37* .57* .70* - 

S-FSS .30* .30* .24* .45* 

Note. Correlations computed based on the complete data set provided by Observer 1; N = 436. 3 

All correlations marked with * were significant at the p <=.001 level. 4 

 5 

Discussion 6 

The main goal of the present study was to develop and test an observational grid to 7 

assess flow states. The FOG demonstrated satisfying discriminating power, and very good 8 

inter-rater reliability; furthermore, its significant correlation with a self-report measure, the S-9 

FSS, showed that it demonstrated convergent validity with participants' subjective flow states. 10 

Overall, our findings demonstrate that flow-related cues can lend themselves to observation, in 11 

line with recent work (Borderie & Michinov, 2016), and the satisfying psychometric qualities 12 

of the FOG indicate that this grid may be used to assess flow states. 13 

Psychometric validation revealed two unexpected results in the present study. The first 14 

is that the concentration variable had only limited range, demonstrating a ceiling effect: based 15 

on the results of the FOG, all participants appeared to be very focused on the task. Although 16 

unexpected, we do not view this as an issue with the grid; in fact, this result is consistent with 17 

the protocol designed for this study. Indeed, the methods were specifically chosen to elicit high 18 

concentration: participants were required to play a fun and engaging video game in a laboratory 19 

context, were paid to do so, and the game sessions remained short at two minutes per session. 20 

It is likely that using the grid in an ecological context would yield lower concentration due to 21 

distractions in the environment, interruptions or attentional lapses from the participants. 22 

Therefore, this aspect of the results should disappear in non-laboratory studies. 23 
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The second unexpected result was that the concentration dimension did not correlate 1 

with the enjoyment dimension. These two dimensions have typically been observed to correlate 2 

in prior studies using questionnaires (e.g. Jackson & Eklund, 2002; Kawabata & Mallett, 2011). 3 

The reasons for this null correlation may be both theoretical and methodological. Theoretically, 4 

intense focus may not be necessary for enjoyment – and conversely, that being intensely 5 

focused does not necessarily result in enjoyment. Methodologically, the ceiling effect on 6 

concentration may have produced a restriction of range leading to underestimation of 7 

correlations with this measure, and the ratings for each dimension may be relatively imprecise 8 

assessments of the underlying construct (with each dimension score was based on a single 9 

rating, these scores are closer analogues to single items in a questionnaire than to the 10 

dimensional scores obtained from a sum of items in questionnaires such as the FSS). In 11 

practice, this non-correlation is not especially problematic, as all three dimensions of the FOG 12 

correlated significantly with scores on the S-FSS, suggesting that all three dimensions 13 

measured aspects of the flow state. However, this serves to remind that the three dimensions 14 

constitute complementary aspects of both the flow experience and the flow measurement, and 15 

only total scores on the FOG should be used to index flow states, not dimension scores 16 

considered separately. 17 

The correlation between the FOG and the S-FSS, at r = .45, appeared to be satisfying 18 

from a psychometric standpoint. It is rare to observe correlations higher than .60 between 19 

different instruments when testing convergent validity (e.g. Cronbach, 1960), and a .45 20 

correlation was higher than could have been expected for substantially different instruments 21 

using widely different methods – one based on observer coding without any participant input 22 

and the other on self-reports from participants. It is also worth noting that the short scale used 23 

here for convergent validity has more limited psychometric qualities than the full-length scale 24 

(see Jackson et al., 2008), which mechanically limits correlations with other measures. These 25 
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results can be usefully compared to studies assessing the convergence between physiological 1 

and self-report measures of flow: across a range of psychophysiological studies (Barros et al., 2 

2018; Bian et al., 2016; Chin & Kales, 2019; Kivikangas, 2006; Mansfield et al., 2012; Peifer 3 

et al., 2012; Peifer et al., 2014; Stoll & Pithan, 2016; Tozman et al., 2015, 2017), the median 4 

observed correlation between physiological and self-report measures was in the .10 to .20 5 

range; only a handful of results reached .45. In other words, observation seems to perform at 6 

least as well as physiological measures of flow. This being said, our .45 correlation between 7 

the FOG and S-FSS is still far below unity and suggests that the two types of measures could 8 

be differentially sensitive to different aspects of the flow state. This further reinforces the need 9 

to combine observation with other measures when possible, and the need for further research 10 

into cross-method assessment of flow (Jackson & Marsh, 1996). 11 

Possible Applications 12 

The observational method proposed here relies on three components of the flow 13 

experience: concentration (indexing absorption in the activity), enjoyment (indexing autotelic 14 

experience) and frustration related to performing an activity (as an aspect of the balance 15 

between challenges and skills). As a consequence, this grid may be useful in many contexts 16 

where participants have to deliver a performance, where they experience emotional feedbacks 17 

of joy and frustration, and where these emotions can be observed. These aspects depend on the 18 

specific activity being considered. For example, the grid could be used in sports, or in musical 19 

practice with musicians-in-training; however, it would be more difficult to use in expert 20 

musical performance, where musicians do not typically demonstrate observable manifestations 21 

of frustration. In this study, we used video games to test the FOG because this activity is 22 

recognized as being conducive to flow states. Other studies will be beneficial to generalize this 23 

grid to other activities. It is possible that frustration in particular could be unrelated to flow in 24 

different contexts, such as meditation, where the balance between challenges and skills might 25 
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take a different from and not benefit from negative feedback. Scoring criteria used for the FOG 1 

should apply to most similar situations, although some adjustments may be needed in highly 2 

specific task contexts. 3 

The observational approach used here made it possible to overcome some of the 4 

difficulties encountered with self-administered questionnaires and physiological indicators 5 

methods. Contrary to self-report questionnaires, the observation-based method does not require 6 

the participant to retrospectively reconstruct the mental states that he felt during the activity, 7 

which is preferable since the characteristics of the flow state (intense concentration, loss of 8 

self-consciousness) make it difficult to perform accurate retrospection (Brewer et al., 1991; 9 

Nakamura & Csikszentmihalyi, 2014). The observation-based method is not affected by the 10 

introspection bias encountered with questionnaires, as the subjectivity of the participant does 11 

not come into play. In addition, this method is simple to implement and does not require 12 

specific equipment to measure flow states, unlike physiological methods that can require a long 13 

preparation, specific or invasive devices. 14 

For these reasons, the FOG or similar observation grids may prove a useful tool to 15 

assess flow states in different contexts, especially when the population or the situation makes 16 

it impossible to use the conventional methods of self-reported measures and physiological 17 

measurements. For example, young children may be unable to communicate their mental states 18 

through questionnaires or self-reported measures, either because of their developmental level 19 

in reading ability, or because of an inability to accurately put their feelings into words. An 20 

example is the study of Inal and Cagiltay (2007), who examined children’s flow experiences 21 

through interviews because of the age of participants, and in which they could not use all items 22 

of a scale because children could not understand all the questions.  23 

Activities that cannot be interrupted to complete a questionnaire constitute another 24 

application case for the FOG. For example, it would be inappropriate to have a questionnaire 25 
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completed during a pressing situation or an anxiety-provoking situation. Likewise, interrupting 1 

people during a lesson at school or during a work task may interfere with the activity. This grid 2 

could also find an application when measuring the qualities of video games, enabling to explore 3 

the flow state of participants without interfering with the activity during game sessions. In such 4 

cases, measuring the flow state online, without interrupting the person, can be an alternative to 5 

self-report questionnaires and physiological indicators. A side benefit is that the FOG does not 6 

require additional time for the procedure, as would be the case with questionnaires. This is 7 

especially helpful for studies with a repeated measures design (as was the case here, with nine 8 

consecutive sessions), where having participants fill out questionnaires is time-consuming and 9 

can lead to participant disengagement. 10 

Critically, we view this observation-based method as complementary with the other 11 

approaches to flow measurement. Observation is objective, but it is by definition unable to 12 

access the details of participant experience: given that flow is a subjective state, the self-report 13 

method can be expected to provide a more accurate window into flow experience in most cases. 14 

Besides, the FOG only assesses three dimensions and thus a restricted part of the flow 15 

experience, as many out of the nine components of flow theory initially described by 16 

Csikszentmihalyi (1990) cannot be accessed through observation. The limited correlation with 17 

the S-FSS also questions whether observation assesses exactly the same aspects of flow as self-18 

report. To improve the quality of flow assessment, the FOG should thus be coupled with other 19 

measurement methods (ideally, self-report) whenever possible. When other methods are not 20 

available, however, our results show that the FOG is a valuable alternative even when used 21 

alone, allowing to widen the field of flow research. 22 

Limitations 23 

The validation procedure we used for the FOG had several limitations. First, this study 24 

was conducted with a student population. Although the core features of the grid should remain 25 
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comparable in other samples (answering observation criteria mostly depends on the observer, 1 

contrary to self-report questionnaires), more research is needed to test this grid with other 2 

populations such as children for whom observation may prove to be an interesting alternative 3 

method. However, while it would be beneficial to test the grid with other populations and in 4 

other contexts, we do not believe it would be critical to perform a new psychometric validation 5 

when translating the grid to another language – as would be necessary with a questionnaire. 6 

This is because the participants never directly interact with the grid, and scoring criteria are 7 

relatively objective, allowing for use by trained researchers in a way that could be comparable 8 

across languages.  9 

A separate issue is that the duration of the activity session in the current study was 10 

relatively short, with two minutes of game time per session. This may have influenced flow 11 

experience, as players could need longer game sessions to enter a deeper flow state, or 12 

conversely could exit flow if the duration of the task is too long; it could therefore be useful to 13 

assess the functioning of the FOG with a longer activity. Another possible benefit to using 14 

longer time periods is that it would make it possible to use a longer self-report scale to assess 15 

flow. The short version of the FSS was used for the present study because game sessions were 16 

short: a longer scale would have taken longer to complete than the game sessions themselves, 17 

which would certainly have interfered with the validity of the measure and/or the flow 18 

experience itself; however, the S-FSS has more limited psychometric qualities than the longer 19 

version (Jackson et al., 2008). Moreover, the S-FSS uses a single item for each of the nine 20 

components of flow, which makes it impossible to examine them separately; conversely, a 21 

longer scale would make it possible to verify how observable behavior relates to the various 22 

components of flow. 23 

Furthermore, there is another reason why task duration is an important issue in flow 24 

research: flow may not be constant throughout the whole duration of a task. Flow research uses 25 
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variable activity durations, ranging from minutes, for example a game session of 3 minutes (de 1 

Sampaio Barros et al., 2018), to tens of minutes, for example chess players playing for 25 2 

minutes (Tozman et al., 2017). The FOG was designed and is appropriate to evaluate flow 3 

states during short periods of activity; evaluating the flow state for a longer period with this 4 

method, which yields a single total score, would certainly make the results imprecise. Indeed, 5 

the FOG yields a single global score and informs about the general flow state of the participant 6 

during the activity, but does not allow for precise estimation of peak flow periods. The problem 7 

is exactly the same with self-report questionnaires, but the observation-based method has an 8 

added benefit in this case: it allows the activity to be split in brief sessions, without interrupting 9 

the participant. If intending to use the FOG for a longer task, it would thus be preferable to 10 

decompose the activity in sub-sessions (possibly based on sub-goals or precise interval 11 

lengths), and to assess flow state separately for each of these sub-sessions. This method can be 12 

used to study the flow state with a much greater temporal resolution than self-report measures, 13 

and even to study the effect of time directly. The observational method could thus provide a 14 

window into the precise timecourse of the flow experience.  15 
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Appendix 1 

 2 

This appendix reports the results obtained when averaging the nine gaming sessions 3 

together to account for non-independence of the data. Descriptive statistics are represented in 4 

Table A1; they were very similar to the results obtained for separate gaming sessions. Inter-5 

rater agreement was excellent for total scores (consistency = .94, absolute agreement = .92), 6 

and was also very good for all dimensions separately (concentration: consistency = .97, 7 

absolute agreement =.94; enjoyment: consistency = .87, absolute agreement = .87; frustration: 8 

consistency = .84, absolute agreement = .83). Bivariate correlations between dimensions of the 9 

FOG and the S-FSS are reported in Table A2. They were all comparable to or higher than 10 

correlations obtained for separate gaming sessions, with the exception of the correlation 11 

between frustration and enjoyment which was slightly weaker. Overall, these results confirm 12 

adequate psychometric properties for the FOG. 13 

 14 

 15 

Note. The range of possible scores was 1 – 5 for the S-FSS, 0 – 4 for Concentration, 0 – 3 for 16 
Enjoyment and Frustration, and 0 – 100 for total FOG scores. 17 

Table A1 

Descriptive statistics for the S-FSS and for the FOG, at the subject level. 

Measures N M SD Skewness Kurtosis Range 

S-FSS 436 3.85 0.48 -0.21 0.07 2.53 – 4.87 

FOG 

Observer 1 

Concentration 50 3.25 0.34 1.09 0.18 2.67 – 4 

Enjoyment 50 0.67 0.52 0.71 -0.09 0 – 2 

Frustration 50 1.38 0.65 0.52 -0.39 0.44 – 3 

Total FOG 50 49.86 10.50 0.50 0.28 
29.63 – 

75.31 

FOG 

Observer 2 

Concentration 15 3.35 0.41 0.60 -1.62 3 – 4 

Enjoyment 15 0.78 0.55 0.69 0.04 0 – 1.88 

Frustration 15 1.12 0.57 0.10 -1.07 0 – 2.11 

Total FOG 15 49.13 10.83 0.82 2.20 
29.94 – 

76.54 
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 1 

Table A2 2 

Matrix of bivariate correlations for the FOG and S-FFS, at the subject level. 3 

 FOG Concentration FOG Enjoyment FOG Frustration FOG Total 

FOG Concentration -    

FOG Enjoyment .12 -   

FOG Frustration .24 .04 -  

Total .50*** .60*** .78*** - 

S-FSS .42* .30* .44* .58*** 

Note. Correlations computed based on the complete data set provided by Observer 1; N = 50. 4 
All correlations marked with * are significant at the p <=.05 level; correlations marked with 5 
*** are significant at the p < .001 level. 6 


