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Flow is a highly influential concept across many research domains. Because of the close links between enjoyment and flow, it is also a
central concept in game research. Accordingly, many measurement instruments in the form of questionnaires have been developed to
measure flow in video games. However, limited independent validation work has been carried out to date. In this project, we evaluated
the recently developed Video Game Dispositional Flow Scale (VGDFS) in the context of League of Legends. An online survey posted on
the online community reddit.com yielded a sample of 𝑁 = 140. Confirmatory factor analysis did not support the originally proposed
structure. Subsequent exploratory factor analysis resulted in inconclusive findings. Convergent validity with other questionnaires
for the measurement of interest, enjoyment, and flow could be demonstrated in our data, although with unusually high correlations
between the VGDFS and another flow measure. For divergent validity, correlations with questionnaires for the measurement of
boredom and trait anxiety in the hypothesized direction could be found. Findings suggest that the VGDFS needs further evaluation in
different video game contexts while also hinting at measurement problems possibly related to conceptual issues with flow.
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1 INTRODUCTION

For some people, observing someone play a video game feels like watching a zombie. The player seems absorbed into
the game and does not react to external cues. While this might seem like a miserable experience from an exterior
view, this state, often referred to as flow, "in which an individual is completely absorbed in activity without reflective

self-consciousness but with a deep sense of control" [28, pp. 150–153], is quite enjoyable to the player [7, 8, 28, 35]. Due
to the association of flow with enjoyment, it represents an important construct in game research. [35]. Consequently,
several questionnaires were constructed in the long lasting endeavor of measuring flow (see Cai et al. [4] for a review).
However, with this rich selection of questionnaires, conceptual problems arise [4]. Although most models share certain
properties, there is no consensus on one particular flow model. Most notably the quantity of dimensions, as well as
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the existence of a higher-order factor, are still debated. Further, some of the dimensions are argued to be prerequisites
to flow (i.e., Clear Goals, Challenge-skill Balance, and Unambiguous Feedback) [4, 27]. To clean up some of these
doubts Cai et al. [4] conducted a literature review on flow in gaming and found that there is no valid measure for
dispositional flow in the leisure game context suitable for adults, only for children and adolescents. However, adults
constitute the largest video game population, with 76% of players over the age of 18 [11]. Cai et al. [4] thus constructed
and validated the Video Game Dispositional Flow scale (VGDFS). They chose the flow construct to be comprised of
one single flow component represented by nine dimensions following the theory by Jackson and Marsh [16]. The
dimensions are described in Table 1. Because the authors validated their measure with a general and consequently
unspecific video gaming population, the authors requested validation in specific gaming contexts as it remains unclear
how the questionnaire performs for players of specific games. For this purpose we chose to independently validate the
VGDFS, focussing on a Multiplayer Online Battle Arena (MOBA) game. While flow experiences were found to occur in
most games [18], MOBAs were found to offer greater challenge than other genres, which fits the challenge-skill aspect
of flow [18]. With a wide variety of champions to choose from, players can have different levels of proficiency with
each one. With different combinations of champions and different players each round, MOBAs offer high variation of
challenge between games. The same holds for the dimensions of Clear Goals and Unambiguous Feedback. Concerning
Clear Goals, the ultimate goal in MOBAs is very clear, the short-term goals can be more ambiguous. Feedback can be
immediate with a wrong play resulting in death or loss of structures, clearly related to the Unambiguous Feedback
dimension. Therefore, we considered League of Legends (LoL) [31] a suitable game to investigate the psychometric
properties of the VGDFS. LoL is not only a very popular MOBA, but with 180 million active players a month [22],
also one of the most popular online games in general. Also, players of LoL have been studied numerous times in past
research [e.g., 2, 19], further stressing the importance of having scales that work with players of LoL. Moreover, flow
was found to be associated with performance [13] which fits LoLs large e-sports scene and general goal for in-game
performance [21]. This not only marks flow as an essential construct for studying LoL players but also reinforces the
need to investigate the psychometric quality of the VGDFS in this specific context to account for the characteristics and
possible differences of LoL to other games.

Another gap we want to investigate is how the measured constructs are associated with theoretically close constructs
measured with other questionnaires. Cai et al. [4] found evidence for convergent and divergent validity between the
nine subscales with an average variance extracted approach. However, the correlations with different established
measures can give important insights into the relatedness of different constructs [5], which is especially important for
the gaming industry, where flow is often used as an inference for enjoyment [35]. Further, divergent validity with other
scales can allow inferences about the absence of undesirable traits in many games (e.g., anxiety or boredom). We provide
initial evidence for a never before mentioned 4-factor structure to the flow construct. But also found evidence for the
proposed 9-factor structure. Further, we identified that the dimensions Sense of Control and Loss of Self-consciousness
seem to be problematic in general, while we found Clear Goals to be problematic specifically for LoL. We establish
initial evidence for convergence with a different flow scale and an enjoyment scale, as well as preliminary evidence for
divergence with an anxiety and a boredom scale. Overall, the present work aims to contribute to developing the flow
concept by investigating the VGDFS.

2 METHOD

To achieve our goal, we recruited 171 participants, of which 140 remained after data cleaning, to fill out a series of
standardized questionnaires—including the VGDFS—in an online survey.
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Table 1. Descriptions of flow dimensions adapted from Cai et al. [4].

Dimension Description

Action-Awareness merging (AAM) Actions and awareness are merged, which means that players are absorbed and feel completely
immersed in the game world.

Autotelic Experience (AE) Describes the experience of completely intrinsicmotivation, which is caused by flow experiences.
This is seen as a determinant of enjoyment.

Challenge-skill Balance (CSB) Players can enter the experience of Flow, when the challenges of the game and the skills of the
player are in an equilibrium, which means the tasks are subjectively not too easy or too hard
to achieve.

Clear Goals (CG) Players know exactly how to proceed. Because the goals of the upcoming tasks are clear to
them and they are attentive to relevant in-Game cues.

Concentration (CON) Players in a flow state, are fully focused on the tasks in the game and their concentration is
only directed towards the specific game-tasks.

Loss of Self-consciousness (LSS) The consciousness outside of the game-world is diminished and the players experience their
ego inside of the game world when in a flow state.

Sense of Control (SC) While experiencing flow, players feel to be in control of the game world.
Transformation of Time (TT) Describes a warped perception of time in the real world while experiencing a flow state.
Unambiguous Feedback (UF) In-Game progess (feedback) is accessible immediately and is apparent.

2.1 Measures

2.1.1 Video Game Dispositional Flow Scale (VGDFS). The main questionnaire of interest was the VGDFS by Cai et al. [4],
which assesses dispositional flow in video games. Dispositional flow can be understood as the propensity or frequency
with which someone can experience flow [15]. The VGDFS consists of 28 items with a 7-point Likert-type response
format, ranging from 1 (Never) to 7 (Always), measuring nine dimensions of flow (see Table 1).

2.1.2 Scales for Convergent Validity. For convergent validity, we chose the Dispositional Flow Scale Short (DFS-S) [17]
because the scale was constructed based on the same theory as the VGDFS and was shown to be of good psychometric
quality. The DFS-S is measured on 5-point Likert-type scales ranging from 1 (Never) to 5 (Always). We opted for the
short version because the VGDFS is already quite long, and we wanted to minimize the participant burden. Second, we
used the Interest/enjoyment part of the Intrinsic Motivation Inventory (IMI) [32]. This 7-point Likert-type scale ranges
from 1 (Not at all true) to 7 (Very true). The Interest/enjoyment subscale is a self-report measure of intrinsic motivation
and is frequently used in isolation [32]. We selected the IMI based on the proposed connection between enjoyment
and flow and the notion of intrinsic motivation in some dimensions of flow (e.g., Autotelic Experience). Following the
authors’ recommendation, we slightly adapted the wording to fit the LoL context.

2.1.3 Scales for Divergent Validity. To assess divergent validity, we chose the short boredom proneness scale (SBPS)
[34] and the short trait anxiety inventory (STAIT-5) [37]. The SBPS is measured by a 7-point Likert-type scale ranging
from 1 (Strongly disagree) to 7 (Strongly agree) and the STAIT-5 uses a 4-point scale ranging from 1 (Not at all) to 4 (Very
much so). Both scales are of comparable psychometric quality to their long versions [29, 34, 37]. Again, we chose the
short scales to minimize participant burden. Both scales should correlate negatively with the VGDFS because flow is
supposed to occur at a balance between skill and challenge [8]. If skill and challenge are not in balance (the game is
overly challenging and player skill is low, or vice versa), this hinders flow and leads to anxiety or boredom.

2.2 Participants

In total, 171 participants recruited from the r/leagueoflegends subreddit and the r/leagueoflegends discord channel com-
pleted the survey. Data cleaning followed recommendations by Brühlmann et al. [3]. First, we excluded all participants
below the age of 18 (𝑛 = 9), given that this was a participation requirement explicitly mentioned in the consent form.
Next, we excluded all participants who indicated that we should not use their data in the SRSI UseME item (𝑛 = 9) [25].
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Further, participants who gave wrong answers to both an instructed response item and a bogus item were excluded
(𝑛 = 13). After data cleaning, the final sample consisted of 𝑁 = 140. Concerning gender, 122 participants identified
as men and 13 as women. One participant identified as non-binary, two preferred not to disclose, and two chose to
self-describe. The primarily male sample was foreseeable because the subreddit is known to be predominantly male
[12]. Participants’ age ranged from 18 to 48 (𝑀 = 24 years, 𝑆𝐷 = 4.35). Sixty-three (45%) participants worked full-time,
22 (15.71%) part-time and 55 (39.29%) were unemployed. Most participants played the game on Microsoft Windows
(𝑛 = 138), and two on MAC OS. Most players played up to twelve hours per week (𝑛 = 37) and up to three hours
per session (𝑛 = 47). Demographics were adopted from Cai et al. [4] to ensure comparability. The sample was mostly
comparable in terms of employment and time spent playing (total hours and hours per session), but not in gender and
age, with our sample being more male-dominated and most participants under 30 (91.43%). We further requested the
in-game ranking. The most common rank was platinum (𝑛 = 35), followed by silver and diamond (both 𝑛 = 25). All
ranks, from unranked to challenger, were present at least once.

2.3 Procedure

Participants completed an online survey created with EFS Unipark. After providing informed consent, they gave
demographic information. Next, they were instructed to reflect on when they felt most "in the zone" while playing
LoL. This scenario task was adapted from Jackson et al. [17]. Afterward, participants filled in the VGDFS, followed
by the convergent and divergent questionnaires. Finally, they answered the SRSI UseME question [25] and could give
feedback or ask questions. A printout of the online survey, including exact item wording for all questionnaires used,
can be found on the OSF repository https://osf.io/sfr39/.

3 RESULTS

3.1 Confirmatory Factor Analysis

We first performed confirmatory factor analyses (CFA) to test the model fit of the VGDFS. For these analyses, we chose
the proposed models by Cai et al. [4]; first, the original model following the theory by Jackson and Marsh [16] and then
the model with the best model fit in the study by Cai et al. [4], which was the hierarchical antecedent model with the
prerequisite Clear Goals, Unambiguous Feedback, and Challenge-skill Balance. Mardia [23]’s test indicated a violation of
the multivariate normality assumption. Therefore, we chose to use the robust maximum-likelihood estimator. Results
suggested that the proposed models do not fit the data, neither the unidimensional model [𝜒2 (341) = 594.53, 𝑝 < .001,
𝜒2/𝑑 𝑓 = 1.747,𝐶𝐹𝐼 = .86, 𝑆𝑅𝑀𝑅 = .13, 𝑅𝑀𝑆𝐸𝐴 = .07,𝐺𝐹𝐼 = .77,𝐴𝐺𝐹𝐼 = .72,𝐼𝐹 𝐼 = .86], nor the hierarchical antecedent
model [𝜒2 (314) = 561.97, 𝑝 < .001, 𝜒2/𝑑 𝑓 = 1.64, 𝐶𝐹𝐼 = .85, 𝑆𝑅𝑀𝑅 = .13, 𝑅𝑀𝑆𝐸𝐴 = .08, 𝐺𝐹𝐼 = .77, 𝐴𝐺𝐹𝐼 = .72,
𝐼𝐹 𝐼 = .85]. While RMSEA was below the cutoff used by Cai et al. [4], it was still not optimal according to other cutoffs
[14, 33]. In the original study by Cai et al. [4] the standardized loadings from Flow to Transformation of Time and Loss

of Self-consciousness were quite low, which was replicated in our research in both models (Unidimensional model:
𝐹𝑙𝑜𝑤 ∼ 𝑇𝑇 = .138 and 𝐹𝑙𝑜𝑤 ∼ 𝐿𝑆𝑆 = .256; Hierarchical antecedent model: 𝐹𝑙𝑜𝑤 ∼ 𝑇𝑇 = .158 and 𝐹𝑙𝑜𝑤 ∼ 𝐿𝑆𝑆 = .286 ).
Further, Cai et al. [4] excluded items with standardized residuals greater than |4.0|, low loadings, and misspecification
according to modification indices. Looking at the standardized residuals, we found that in both models all the items in
Loss of Self-consciousness and Transformation of Time shared an unacceptable degree of error according to the authors’
standards. The loading for item LSS2 was also considerably lower than for the other items of Loss of Self-consciousness,
both in the unidimensional (LSS2: 0.67; LSS1: 0.95; LSS3: 0.87) and hierarchical antecedent model (LSS2: 0.67; LSS1: 0.95;
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LSS3: 0.87). Further, modification indices pointed at a misspecification between the latent variables Transformation of

Time and Loss of Self-consciousness. We thus concluded that further investigation of the VGDFS was required.

3.2 Reliability and Item-analysis

Next, we analyzed the reliability of all constructs using coefficients alpha (𝛼) [6] and omega (𝜔) [24] following
Dunn et al. [9]. We used the bias-corrected and accelerated bootstrap hierarchical 𝜔 as recommended by Kelley and
Pornprasertmanit [20]. Most constructs showed acceptable internal consistency (values above .70). Only Sense of Control
seemed problematic, 𝛼 = .64, 95% CI [.52,.73], 𝜔 = .64, 95% CI [.54,.75]. Concerning item difficulties, most items were
rather easy (𝑀 = 63), though there was no value above 82.98 or below 26.67. We considered all items with variances
below 1.00 potentially problematic. Our analysis revealed that the item CON2 (𝑣𝑎𝑟 = 0.97), item AE2 (𝑣𝑎𝑟 = 0.98), and
especially item CON1 (𝑣𝑎𝑟 = 0.75) had low variance. There was no need for concern when looking at discriminatory
power, with all values above 0.51. The inter-correlation matrix showed no alarming results, though the construct Sense
of Control had a rather low mean-correlation within its construct (𝑟 = 0.38). Refer to the OSF repository for details.

3.3 Exploratory Factor Analysis

After the item analysis, we conducted exploratory factor analysis (EFA). We chose promax-rotation (an oblique rotation)
and the principal axis factoring method because of the non-normality of the data and because we expected some factors
to be correlated. We did not exclude any items based on the item analysis because less than two indicators per construct
can be problematic [26] and we wanted to keep the original set of items. Bartlett’s test for sphericity was significant
(𝜒2 (378, 𝑁 = 140) = 2114.8, 𝑝 < 0.001) and the Kaiser-Meyer-Olkin measure was adequate (𝐾𝑀𝑂 = 0.83, all above
0.69). Parallel analysis and inspection of a scree plot suggested a 4-factor solution. The standardized loadings > 0.20 of
the 4-factor solution are shown in Table 2. The results suggested that items for Action-Awareness merging and Autotelic

Experience loaded together onto factor four, and items for Clear Goals and Concentration loaded onto factor one. Items
for Sense of Control also loaded on the same factor as items for Clear Goals and Concentration, except for the item SC2,
which had low loadings on all factors (𝑚𝑎𝑥 = 0.37). Transformation of Time loaded on the same factor as items for Loss
of Self-consciousness. The items in Challenge-skill Balance all loaded onto one factor. All Unambiguous Feedback loadings
were relatively low (< 0.50), and the items UF1 and UF3 had cross-loadings onto factor one. Further, half of the items
had communality values < .50, which was used as a cutoff by Cai et al. [4]. However, no communality was below .30
except for the items AAM2 and SC2.

Because no theory has yet depicted flow as a four-dimensional construct, we also tested a 9-factor solution as
proposed by Cai et al. [4] and Jackson and Marsh [16]. We again used a promax rotation and principal axis factoring.
The loadings > 0.20 for the 9-factor solution can be seen in Table 3. Interestingly, Action-Awareness merging, Autotelic
Experience, Challenge-skill Balance, Transformation of Time, Concentration, and Unambiguous Feedback followed the
theoretical assumptions and loaded onto different factors without high cross-loadings. In Clear Goals, only the item
CG2 loaded highly, while items CG1 and CG3 did not load highly on any factor (𝑚𝑎𝑥 = .44) and had cross-loadings.
Further, item SC1 loaded weakly onto the same factor as items for Challenge-skill Balance. The other items in Sense

of Control otherwise loaded onto the same factor. Unambiguous Feedback followed theoretical assumptions and had
no cross-loadings, although UF2 loaded considerably lower than the other items (0.49). The items LSS1 and LSS3 had
cross-loadings on the factor where Transformation of Time loaded, except for item LSS2, which only loaded onto one
factor. Again, some communalities were below .50, but none below .30. Overall the EFAs suggest that the VGDFS has
items that follow the theoretical assumptions well, while others do not. Some of the problematic items were already
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Table 2. Factor loadings > 0.20 for the 4-Factor EFA

Dimension Item PA1 PA2 PA3 PA4 Communality Uniqueness Complexity
Clear Goals CG1 0.61 -0.21 0.51 0.49 1.4

CG2 0.52 -0.24 0.22 0.43 0.57 1.8
CG3 0.57 0.47 0.53 1.4

Unambiguous Feedback UF1 0.32 0.37 0.36 0.64 2.0
UF2 0.43 0.31 0.69 1.4
UF3 0.38 0.22 0.36 0.39 0.61 3.0

Challenge-skill Balance CSB1 0.78 0.61 0.39 1.1
CSB2 0.85 0.63 0.37 1.0
CSB3 0.82 0.64 0.36 1.1
CSB4 0.24 0.58 0.49 0.51 1.4

Concentration CON1 0.70 0.54 0.46 1.3
CON2 0.70 -0.28 0.27 0.56 0.44 1.6
CON3 0.79 -0.26 0.52 0.48 1.3

Action-Awareness merging AAM1 0.57 0.42 0.58 1.1
AAM2 0.43 0.28 0.72 1.5
AAM3 0.70 0.52 0.48 1.1

Sense of Control SC1 0.57 0.40 0.60 1.2
SC2 0.37 0.26 0.74 1.4
SC3 0.63 0.43 0.57 1.0

Loss of Self-consciousness LSS1 0.88 0.74 0.26 1.1
LSS2 0.26 0.60 0.48 0.52 1.4
LSS3 0.82 0.71 0.29 1.2

Transformation of Time TT1 0.70 0.56 0.44 1.3
TT2 -0.28 0.80 0.21 0.70 0.30 1.4
TT3 0.84 0.69 0.31 1.1

Autotelic Experience AE1 -0.23 0.56 0.33 0.67 1.4
AE2 0.64 0.46 0.54 1.1
AE3 0.24 0.53 0.38 0.62 1.4

Table 3. Factor loadings > 0.20 for the 9-Factor EFA

Dimension Item PA1 PA2 PA3 PA4 PA5 PA6 PA7 PA8 PA9 Communality Uniqueness Complexity
Clear Goals CG1 0.24 -0.22 0.39 0.58 0.42 3.4

CG2 1.17 0.92 0.08 1.2
CG3 0.22 0.44 0.30 0.55 0.45 2.8

Unambiguous Feedback UF1 0.74 0.22 0.68 0.32 1.3
UF2 0.49 0.44 0.56 1.8
UF3 0.86 0.73 0.27 1.2

Challenge-skill Balance CSB1 0.92 0.70 0.30 1.2
CSB2 0.95 0.72 0.28 1.1
CSB3 0.80 0.65 0.35 1.2
CSB4 0.57 0.24 0.57 0.43 1.9

Concentration CON1 0.83 0.68 0.32 1.1
CON2 0.82 0.66 0.34 1.2
CON3 0.70 0.55 0.45 1.5

Action-Awareness merging AAM1 0.74 0.61 0.39 1.2
AAM2 0.66 0.44 0.56 1.2
AAM3 0.94 0.84 0.16 1.1

Sense of Control SC1 0.21 0.33 0.22 0.49 0.51 4.4
SC2 0.60 0.41 0.59 1.3
SC3 0.55 0.55 0.45 1.6

Loss of Self-consciousness LSS1 0.33 0.76 0.88 0.12 1.5
LSS2 0.23 0.50 0.53 0.47 1.8
LSS3 0.33 0.64 0.77 0.23 1.6

Transformation of Time TT1 0.75 0.63 0.37 1.0
TT2 0.97 0.90 0.10 1.0
TT3 0.79 0.74 0.26 1.1

Autotelic Experience AE1 0.85 0.26 0.70 0.30 1.4
AE2 0.62 0.58 0.42 1.4
AE3 0.22 0.54 0.48 0.52 1.6

conspicuous in the original validation study, which hints at a general problem with the measurement of Sense of Control
and Loss of Self-consciousness. Further, some items in Clear Goals seem to be problematic in the specific gaming context.
Interestingly, the four components structure suggested by parallel analysis has not been observed in previous studies,
either indicating a problem with the questionnaire or opening an avenue for refining the theoretical structure of flow.

3.4 Convergent and Divergent Validity

To assess convergent validity, all scales hypothesized to be convergent (DFS-S, IMI) were fit into one model to calculate
measurement-error-free correlations between the latent variables [10]. The VGDFS correlated according to theory with
𝑟 = .54 with the IMI. Between VGDFS and DFS-S, we found an astonishingly high correlation of 𝑟 = .97. The same
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procedure was conducted with the VGDFS and the divergent questionnaires. As expected, the correlations between the
VGDFS and the two questionnaires were negative, although not very high. The VGDFS correlated with 𝑟 = −.19 for the
STAIT-5 and 𝑟 = −.17 for the SBPS . Furthermore, the correlations between the two convergent and divergent scales
were also in the expected direction. The STAIT-5 and SBPS correlated at 𝑟 = .58, and the IMI and DFS-S at 𝑟 = .41.

4 DISCUSSION

We found that neither the original nor the antecedent-hierarchical model for the VGDFS fit our data in the CFA. We
further identified items CON2 (... I remain concentrated.), AE2 (... the gaming session makes me feel great.), and especially
CON1 (... I focus on the game.) as problematic items due to low item variance. While statistical, a 4-factor solution
was suggested, we also conducted an EFA with nine factors to acknowledge theoretical considerations. Interestingly,
items mostly loaded according to theory in the 9-factor EFA except for Clear Goals, Sense of Control, and Loss of

Self-consciousness. Lastly, we found evidence for convergent and divergent validity. Overall, our attempt at confirmation
was unsuccessful. We identified problematic items and constructs in different steps of the analysis.

In the 4-factor EFA, we found a different picture from the existing theories. Challenge-skill Balance and Unambiguous

Feedback loaded onto the same factor in our data, which corresponds to the proposed closer association between these
constructs in the hierarchical antecedent model by Cai et al. [4], albeit without Clear Goals.

Several issues emerged with items for Sense of Control. The items for Sense of Control had low mean-correlations
(𝑟 = 0.38) and low values of internal consistency (𝛼 = .64, 𝜔 = .64). Concerning the EFAs, SC2 (... I feel a sense of control
in the game.) loaded poorly in the 4-factor EFA, and had low communality in both EFAs, while loadings for item SC1 (... I
can perceive the natural control of the game.) were unsatisfactory in the 9-factor solution. Not only low loadings but also
cross-loadings were a problem in the 9-factor EFA. Clear Goals only had one strong loading (CG2), while Sense of Control
had two (SC2, SC3). Also, the two constructs seem to share some characteristics, as item CG1 (... I know how to proceed

during the gaming session.) loaded more onto the Sense of Control-dominated factor while item SC1 (... I can perceive the

natural control of the game.) loaded more onto the Clear Goals-dominated factor, which again highlights the problematic
nature of Sense of Control. Because Cai et al. [4] also dropped Sense of Control items in their last validation step due to
communality issues, we argue that the construct of Sense of Control warrants further investigation. Perhaps, it should
be investigated if there needs to be more physical movement to achieve a sense of control, which is the argument made
by Procci and Bowers [30].

The dimensions Loss of Self-consciousness and Transformation of Time fell together in our 4-factor solution. Whereas
in the 9-factor solution, there were cross-loadings of items LSS1 (... I forget about things in the real world.) and LSS3
(... I forget about what is occurring in the real world.) on the same factor as the items of Transformation of Time. The
connection between these constructs was problematic in both the original work and ours, reflected in low CFA loadings.
We argue that it should be further investigated if the addition of Transformation of Time by Jackson and Marsh [16]
compared to the model by Csikszentmihalyi [8] holds in specific gaming contexts.

Taken together, our analyses show that some items of the VGDFS have remained problematic since its construction
and that several additional items have unsatisfactory psychometric properties in the specific context of LoL. The EFAs
revealed that some constructs might be closely related or even the same. For Challenge-Skill-Balance and Unambiguous

Feedback this closeness was expected, while we could also show an unanticipated relatedness between the dimensions
of Loss of Self-consciousness and Transformation of Time as well as Clear Goals and Sense of Control. We further highlight
several issues with specific items of the VGDFS that that need to be addressed. While all the identified items need
further investigation, most concerning were items of the dimension Sense of Control. Given that game researchers need
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to ensure that their measurement has a solid theoretical foundation [1], such theoretical considerations need to be
clarified when applying the VGDFS. To provide some clarification, we plan on expanding the validation of the VGDFS
onto other MOBAs and genres. Another interesting finding is the extremely high correlation (𝑟 = .97) between the
DFS-S and the VGDFS, suggesting that it is questionable whether the 28-item VGDFS is distinct enough to justify its use
over the shorter 9-item DFS-S. Lastly, our study found evidence for divergent validity of the VGDFS to the STAIT-5 and
SBPS questionnaires. Yet, because the negative correlations were relatively low, we can only provide initial evidence
that flow, as measured with the VGDFS, lies at the intersection of skill and balance between anxiety and boredom.

5 LIMITATIONS AND NEXT STEPS

An important limitation is that our recruitment method could have led to a sampling bias, with only highly motivated
people participating in or completing the survey. While this could be positive for data quality, it could be possible
that specific individuals systematically refrained from participating in the survey. This is also reflected in the in-game
ranks, which were relatively high. Indicating that more competitive players were interested in this survey than typical
LoL players, although our sample included all ranks from unranked to challenger. In the present work, we did not
account for player competitiveness, which we will do in our future work. Because MOBA games are competitive games
in general [18] it could be interesting to see if differences in player competitiveness influence dimensions of flow and if
this is true for different MOBAs. Therefore, we plan to continue with an initial comparison between LoL and Dota 2
players [36]. Such a comparison will clarify the problematic nature of some dimensions that seem specific to MOBAs
and allow for studying the influence of competitiveness. Further, a comparison of similar games could uncover if the
genre of the game or specific game mechanics are decisive factors for flow. For instance, in LoL, players can only kill
enemy minions and not allied minions, as in Dota 2, which could influence goal clarity. Finally, future research could
also compare the VGDFS to the DFS-S and the longer DFS-2 by Jackson et al. [17] to further test the differences between
flow outside and inside of a gaming context.

6 CONCLUSION

We present an initial step of an independent validation for the VGDFS in the context of LoL. We could not confirm
the proposed factor structure using CFA. Although a larger sample is needed to corroborate our findings, we could
still identify possibly problematic items and constructs in the VGDFS. Also, our data suggest a 4-factor solution in
EFA, which has not been mentioned in the literature before. Furthermore, we found evidence for the theorized 9-factor
solution using a second EFA. In addition, we show evidence for convergent validity between the VGDFS and DFS-S and
the IMI. However, differences between the VGDFS and DFS-S remain questionable as correlations were unusually high.
Likewise, we found weak negative correlations between the VGDFS and STAIT-5, as well as VGDFS and SBPS, which
supports the proposed inverse relationships of flow with anxiety and boredom. Overall, our work highlights the need to
investigate further the flow construct and its measurement in different gaming contexts, specifically with the VGDFS.

7 DATA AVAILABILITY

All data, analysis code, and materials are available on https://osf.io/sfr39/.
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