Based on participants’ responses, 9 flow level were calculated (1. Challenge-Skill Balance; 2. Merging
of Action and Awareness; 3. Clear Goals; 4. Unambiguous Feedback; 5. Concentration on he Task at
Hand; 6. Sense of Control; 7. Loss of Self-Consciousness; 8. Transformation of Time; 9. Autotelic
Experience). The flow was calculated based on those levels for both: initial flow level and flow level
related to the played matches.
The analyzes also included basic telemetry indicators as length of the match, difficulty level and
winning ratio. All indicators concerning the last match and the last session of matches, so matches
between questionnaires period.
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Table 2

Then we wanted to compare flow level obtained during matches against the AI and human opponent. In
order to not distort the results, we removed the data from the first 30 hours of playing, when both groups of
participants played against AI. This allowed us to exclude the variables resulting from the individual level of
flow of the participants and the low level of advancement in the game, which also may influence the flow
level. The analysis showed that players playing against AI achieved significantly higher flow results in overall
(t (133) = 4.599, p <0.001), and in six of the nine tested flow levels (Challenge-Skill Balance, Merging of
Action and Awareness, Clear Goals, Unambiguous Feedback, Sense of Control, Autotelic Experience. This
result may be due in part to the overall difficult level of playing against other people, preventing players
from fully focusing on the game without feeling frustrated.

DISCUSSION

Table 3

OBJECTIVE
The aim of this project is to investigate the correlation between the dynamics of changes in cognitive
functioning resulting from complex skill learning through play and player flow, motivation and
perceived playability of the game.
All analyzed data were a part of a larger project (Grant 2016/23/B/HS6/03843). The Ethics
Committee of the SWPS University approved the informed consent form and the study design.
The project is part of a larger study This paper contains preliminary analyses of selected aspects of
the study.

Fig. 5

PROCEDURES
One of the components of the project concerned the measurement of participants’ flow, including the
initial level of flow – measured by PDFS2 questionnaire – and flow resulting from playing Starcraft 2
(measured by PFSS).
All participants committed to a 60-hour training using the SC2 game. Training of StarCraft II was
divided into a 9-week period, in total 60 hours of gameplay. This training means, playing SC2
matches (approximately 20 minutes per match) in two training models: Fixed (N = 21) and Variable
(N = 15). During the first 30 hours of playing, all participants played against artificial intelligence (AI)
that may took 8 difficulty levels (1. Very easy; 2. Easy; 3. Medium; 4. Hard; 5. Harder; 6. Very hard; 7.
Elite; 8. Cheater) as the player’s skill increases. The difficulty level increased when the sum of wins (+1)
and loses (-1) count passed the threshold of 4. Difficulty decreased when the threshold dropped
below 4. After the first part of training period, participants from Variable Group started playing
matches against other humans. Training regulations put a cap on participants to train a minimum 10
hours per week but no more than five hours per day. The exact differences between applyied training
models are presented on figure.
Before first match, initial level of participants’ flow was measured by the DFS2 questionnaire. During
the training period, participants completed the PFSS-2 questionnaire from 2 to 11 times. The
questionnaire was presented immediately after random match and concerned the flow level related
to the last game. Ultimately, the participants completed 183 questionnaires related to AI matches and
69 questionnaires related to matches with human opponent..

The importance of flow
for the course
of learning complex
skills in training video
players
preliminary results

In the case of the difficulty level, only matches played against AI were analyzed. This decision is due to the
inability to determine the exact level of difficulty in games against other humans. Analyzes showed that
players playing against AI achieved a significantly higher flow level as the mean difficulty level of last
playing matches increases (r = 0.278, p < 0.001). These results turned out to be consistent with five
components of flow (Challenge-Skill balance, Merging of Action and awareness, Clear Goals,
Unambiguous Feedback, Sense of Control/ Table 2).

Fig. 6

PARTICIPANS
Analyzed data were collected from 36 participants with the average age of 28,67. All participants
reported playing less than 5 hours of video games per week and had no prior experience in playing
Real Time Strategy or First Person Shooter type games. Due to their inexperience with action games,
including – in particular – Starcraft 2 (SC2), they were classified as non-gamers.
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Table 1

Later analyzes showed that flow level was significantly, positively correlated with the winning ratio (r =
0.344, p < 0.001). What’s more, winning ratio turned out to be positively correlated with all individual levels
of flow (Table1). The relationship between flow level and the last played match was measured using eta
value. Exact values are presented in the Table 1.

FLOW IN GAMES
Games, due to the complexity of the activities, are the focus of flow researchers (Wang et al, 2009;
Procci et al, 2012; Hamari & Koivisto, 2014). The player is in a positive mental state, so focused on the
game that nothing else matters. There is a sense of total presence, of detachment from reality without fear or hope,an autotelic activity. For complex activities that require a lot of cognitive, motor,
or temporal input, flow seems to be a particularly important and natural state. On the other hand, the
level of involvement of the person and the autotelicity that this phenomenon generates have led
researchers to look at flow in the context of processes that are desirable for learning, building
motivation and commitment to the activities undertaken (Gao and Lu, 2021 etc.).
HYPOTHESES (SELECTED)
Flow as a trait is correlated with ratings of flow state during the learning process. The higher the
baseline flow, the higher the susceptibility to flow as a state./ PDFS-2, PFSS-2
The dynamics of player flow during the process of complex skill learning is correlated with player
level. The higher the game level, the higher the flow rating. / PFSS-2, level in the game
The flow level of players is lower in human games/ PFSS-2 level in the game condition
The level of flow at the beginning of each condition is lower./ PFSS-2, condition
A player's rating of the level of flow in a session is positively correlated with the score of their last
game in the session just prior to measurement/ PFSS-2, telemetry data

Fig. 3

RESULTS
Initial analyzes were prepared without dividing into opponent type. Firstly,
initial flow level turned out to be positively correlated with the average flow
level obtained during training period (r = 461, p < 0.001).
Due to the fact that the respondents completed a different number of
questionnaires, it was impossible to observe a direct change in flow level
during the training. However, a preliminary picture of the phenomenon is
presented in the Figure 3.
Fig. 1

FLOW
Flow is 1. a holistic experience that occurs when an individual
acts with total commitment (Csikszentmihalyi, 1975), 2. the
individual acts with complete performance (Nakamura &
Csikszentmihalyi, 2002), 3. is characterized by high levels of
attention with a low sense of effort, low self-awareness, and a
sense of control and pleasure, 4. occurs when performing tasks
that are difficult but matched in difficulty to the individual's skill
level (Csikszentmihalyi & Csikszentmihalyi, 1988; Csikszentmihalyi
& Nakamura, 2010).

The conducted analyzes show promising results in terms of examining the level of players’ flow and the
relationship between flow level and game results. Initial flow level turned out to be positively correlated
with the average flow level obtained during training period (r = 461, p < 0.001). Flow level was significantly,
positively correlated with the winning ratio (r = 0.344, p < 0.001). Players playing against AI achieved a
significantly higher flow level as the mean difficulty level of last playing matches increases (r = 0.278, p <
0.001). These results turned out to be consistent with five components of flow. Players playing against AI
achieved significantly higher flow results in overall (t (133) = 4.599, p <0.001), and in six of the nine tested
flow levels. Therefore it should be emphasized that these are only preliminary results, and further analysis
should focus on more detailed telemetric indicators that better illustrate player progress and engagement.

