
MEASURING GAME IMMERSION AND FLOW  

WITH ELECTROENCEPHALOGRAPHY 

Ehm Kannegieser1 and Johannes Ratz2 
1Fraunhofer Institute of Optronics, System Technologies and Image Exploitation, Fraunhoferstraße. 1, 76131,  

Karlsruhe, Germany 
2Karlsruhe Institute of Technology, Kaiserstraße 12, 76131, Karlsruhe, Germany 

ABSTRACT 

Immersion and Flow are important parameters when it comes to an enjoyable experience of video games. To measure these 

mental states usually self-assessment questionnaires, answered by the subject after the experience, are used. Because of the 

shortcomings of this method, the ultimate goal is to establish an alternative measuring method through correlations of 

physiological sensor data. While there are many physiological data sources to be looked at, such as recording the heartrate 

or skin conductance, measuring brain activity with electroencephalography (EEG) is one of the most promising candidates 

towards a way of objectively measuring Immersion and Flow. 

In this paper, an experiment to record EEG data during and questionnaire data after game play is presented. As a proof of 

concept, the experiment is tested with an initial test study on three subjects and the recorded data is used for analysis and a 

first correlation attempt. Although the results are not yet generalizable, they indicate that increased overall beta and frontal 

theta activity may be related to Flow and Immersion. This remains to be proven by conducting further studies in the future 

to achieve statistical significance. 
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1. INTRODUCTION 

What makes people enjoy playing a video game and how can this enjoyment be transferred to other areas, such 

as learning or working? Those questions have always been central in games research and psychology and 

should be of particular interest for the development of serious games, as enjoyment is proven to be linked to 

an effective learning process (Deci and Ryan, 1985; Krapp, 2009).  

Mihály Csíkszentmihályi defined "the optimal experience of an action" as Flow, which is achieved when 

the individual is so engrossed in the activity that nothing else seems relevant anymore. It is a deep sense of 

enjoyment, that occurs when a "person’s body or mind is stretched to its limits in a voluntary effort to 

accomplish something difficult and worthwhile" (Csikzentmihaly, 1990). A similar experience in the video 

game domain is commonly called Immersion, describing the transfer of consciousness into a virtual world. 

They are both linked to an intrinsic motivation in the task or game, which means deriving enjoyment from the 

action itself rather than from external gains like money or a fear of punishment for not completing a task.  

To improve the development and adaptation of serious games, it is therefore interesting to measure these 

mental states. Until now, the method of choice to measure Flow and Immersion is the usage of questionnaires, 

which are answered by the subject after the task. This method is however potentially inaccurate due to the 

delay in elicitation and the subjectiveness of the answers. 

A way towards objectively measuring mental states is, to record subjects' physiological data during the 

experience and to find correlations between the physiological data and the subjective questionnaire data.  

A such found correlation could enable automatically measuring Flow and Immersion without the usage of 

questionnaires in future.  

One of the most valuable physiological data sources for researching mental states is the subjects' brain 

activity, which is measured using electroencephalography (EEG). Measuring brain activity has recently 

become a hot topic in research and industry, especially with the development of brain-computer interfaces 
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(BCI) making it able to control a computer or machine by thought alone. Neuralink, a company founded by 

Elon Musk, plans on implanting a chip in the human brain, which can precisely detect neural activity with 

thousands of tiny electrodes spread across the whole brain. This, among other things, shall enable paralyzed 

people to control protheses and other devices only with their mind. Although EEG works on the same biological 

basis, namely the electrical activity of the brain, it is non-invasive as it only records brain activity from the 

scalp. This makes it easy to use in medicine and research and can still provide a lot of information on the mental 

states of subjects. 

In this paper, an experiment is presented, that gathers and manages EEG and questionnaire data, which can 

be analyzed and evaluated afterwards to find potential correlations. Its setup as well as the underlying 

theoretical assumptions regarding Flow and Immersion are based on previous studies and experiences gathered 

in the last three years (Kannegieser et al. 2018; Kannegieser et al. 2019). While there are some previous studies 

on the potential correlation of EEG data and states of Flow or Immersion (e.g., Nacke et al., 2011; Plotnikov 

et al., 2012; Lim et al., 2019), they mostly assess these mental states based on different games or level designs 

(e.g., by varying difficulty levels). The experiment takes a new methodical approach by periodically gathering 

self-assessments, which allows us to correlate them with time-related EEG data. The results of previous studies 

can however be compared to the results of this experiment. 

2. THEORETICAL ASSUMPTIONS AND UNDERLYING MODEL 

The exact definitions of Immersion and Flow as well as their relation to one another are still an active area of 

research. Cairns et al. define game Immersion by dividing it into three levels:  Engagement, Engrossment, and 

Total Immersion. These levels are used to describe the degree of involvement with the game (Brown and 

Cairns, 2004; Cairns et al 2006). Engagement is the first stage of Immersion and must occur before any other 

level. It describes the basic access to a game, that comes with the willingness to play it as well as the game 

controls being clearly defined and understandable for the player. Furthermore, players need to invest time to 

become more engaged with the game (Brown and Cairns, 2004). The second stage is Engrossment, which is 

achieved when the gamer's emotion is connected to and directly affected by the game. In addition, the game 

construction is overcome, and controls become invisible to the player (Jennett et al., 2008). Finally, Total 

Immersion can be achieved, which the authors equate with the term "presence". Players describe this stage as 

"being cut off from reality and detachment to such an extent that the game was all that mattered." It is an 

experience of completely transferring the own consciousness into the virtual world by empathizing with the 

game characters and accepting the game's atmosphere as reality (Brown and Cairns, 2004). 

Flow on the other hand, as defined by Csikzentmihaly, is broken down into several conditions that must be 

met to be able to achieve this state. The perhaps most crucial and popular condition is the balance of challenge 

and skill, which was further formalized and depicted in the "Flow Model". Its core message is that different 

combinations of challenge and skill levels lead to different mental states. When the challenge level is too high 

for the existing skills it leads to anxiety, a feeling of being overwhelmed by an activity. Meanwhile skill, when 

met with insufficient challenge will lead to relaxation or boredom. Only high skill combined with high 

challenge can lead to the optimal experience of an action and subsequently Flow. Other important conditions 

include the loss of a sense of time and the sense of control over the task (Csikzentmihaly, 1990). 

Due to the similarities of definitions and conditions for Immersion and Flow, some authors suggest on 

unifying and not separating both terms for further research, especially in the video game domain (Michailidis 

et al., 2018). The author’s approach is, to combine the three-level definition of Immersion by Cairns et al. and 

Csikzentmihaly’s Flow model. The highest Immersion states, Engrossment, and Total Immersion, share similar 

phenomena, such as a loss of a sense of time and a loss of spatial awareness. As such, a model is proposed, in 

which Immersion is a hierarchical structure and Flow is a state at the top of the hierarchy. The model is shown 

qualitatively in figure 1. This figure shows the relationship between increased Flow and the Immersion levels 

defined by Cairns et al. However, it must be noted that there is no relationship between the skill/challenge 

balance and Immersion (Kannegieser et al., 2018). 
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Figure 1. Proposed combined model of Flow and Immersion. The skill/challenge balance does not influence Immersion 

3. EXPERIMENT 

The experiment's main goal is to gather physiological data during game play that can be used to find a 

correlation between physiological measurements and Flow/Immersion states. It mainly consists of a 

measurement application, written in Java, which sets the structure of the experiment and manages different 

data inputs and outputs. Apart from EEG other physiological sensors such as heartrate, GSR or ECG devices 

can be connected to the experiment software, thereby extending the possibilities of physiological data 

correlations.  

3.1 Structure 

The experiment is split into four phases: Setup, Baseline, Gaming and Assessment. During the setup phase, the 

game is selected, and the sensors are placed on the participant. Game selection is free. Participants can bring 

their own games or use a distribution platform like Steam to install a game of their choice. Free game selection 

was chosen to improve the odds of players reaching higher Flow and Immersion states, at the cost of  

game-specific analysis options. 

During the second phase of the experiment, the baseline phase, physiological data is recorded for one 

minute, while the subject is in a calm state of mind. This is realized by asking subjects to close their eyes and 

relax until they hear a given audio signal, which occurs after one minute. The physiological measurements can 

be monitored by the examiner of the study on a separate monitor screen showing the incoming data streams in 

real time. Recording a baseline is necessary as a reference for later evaluation of the mental states and can also 

be used as a first test of the involved sensors. 

 After the setup is finished, the gaming phase begins, in which the subject plays the chosen game for 30 

minutes without interruption. The duration was chosen based on test runs, as 30 minutes were found to be 

enough to reach the Flow / Total Immersion state. While the participant is playing, the physiological data as 

well as the gameplay and webcam footage is recorded. When the gaming phase ends, the recorded data is stored 

in an output folder and the assessment phase starts. 

During the assessment phase, participants watch a recording of their game session as well as web cam 

footage of themselves. While watching this footage, Flow and Immersion questionnaires are filled out about 

how immersed the participant was at the time of the recording. By making participants fill out questionnaires 

while watching a recording, more accurate data can be gathered without interrupting the Flow/Immersion 

during the game session itself to fill out questionnaires. A similar approach using video footage is used in the 

study by Rajava and Kivikangas (Ravaja and Kivikangas, 2008).  

Three questionnaires are used in the experiment, with one of them being split into two parts. The first 

questionnaire used is the Immersion questionnaire presented by Cheng et al. based on their improvement upon 

the hierarchical model presented by Cairns et al. (Cheng et al., 2015; Cairns et al. 2006). The questionnaire 
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was chosen, as it can be used to measure the likeliness to be in each of the individual Immersion levels, making 

it useful to compare Flow with Total Immersion to test the theorized model presented in 2. As the questionnaire 

was too long to be measured multiple times without worsening the results, it was split into an Immersive 

Tendency questionnaire asked at the beginning of playback and an iterative questionnaire asked every three 

minutes during playback. For Flow, the Flow Short Scale questionnaire by Rheinberg et al. was used 

(Rheinberg et al., 2003). It was originally designed for being used multiple times in a row, making it perfect 

for this iterative approach. During playback, it is asked every six minutes. The final questionnaire used is the 

Game Experience Questionnaire (IJsselsteijn, et al., 2013). It measures a more general set of questions and is 

asked once after playback is over. 

An overview of the different phases is presented in figure 2. 

 

 

Figure 2. Phases of the experiment 

3.2 EEG Measurement 

EEG is a common method for measuring the electrical activity of the brain by recording voltage fluctuations 

between electrodes positioned on the scalp. The fluctuations are mostly generated by the firing of cortical 

neurons, which are located on the outer layer of the brain and range between 5 and 100μV (Hu and Zhang, 

2019). They result in typical sinusoidal wave shapes which are analyzed for amplitude and frequency. In 

general, the waves are classified into different frequency bands: Delta (1-4 Hz), Theta (4-8 Hz), Alpha (8-13 

Hz), Beta (13-30 Hz), and Gamma (30-40 Hz). The frequency bands are associated with different levels of 

brain activities. When the subject is awake mostly alpha and beta waves are noticed. The alpha waves are the 

most extensively studied rhythm of the human brain and can be usually observed while being in a relaxed 

awake state or having eyes closed (Teplan et al., 2002). They are associated with cortical inactivity and mental 

idleness as well as attentional demand (Ray and Cole, 1985). When eyes are opened during the experiment 

alpha waves are replaced by beta waves which is called the Berger Effect (Kirschfeld, 2005), named after its 

discoverer Hans Berger, who invented EEG in 1924 (Berger, 1929). Beta waves indicate a normal state of 

wakefulness and are usually most evident in the frontal cortex. They are connected to cognitive processes, 

decision making, problem solving and information processing (Ray and Cole, 1985). Delta and theta waves are 

most prominent during sleep (for adults). Delta waves are more present at deep sleep, more specifically during 

non-rapid eye movement (NREM) phases (Teplan et al., 2002). Theta waves play a greater role in REM sleep 

and general drowsiness (Teplan et al., 2002). They are also connected to daydreaming, creativity, intuition, 

memory recall, emotions, and sensations (Aftanas and Golocheikine, 2001). In some cases, gamma waves can 

be observed at very high concentration and flow of information. It is also seen during cross-modal sensory 

processing (combining two or more senses, such as sound and sight) (Kisley and Cornwell, 2006) as well as 

deep meditation (Vialatte et al., 2009). 

International Conferences Interfaces and Human Computer Interaction 2021; 
and Game and Entertainment Technologies 2021

127



There are several different types of EEG devices or systems to choose from. Most experiments and studies 

use closed electrode caps as they can fit multiple electrodes and offer a generally good signal quality. However, 

these caps usually need the head skin to be prepared with a contact gel to achieve a good conduction quality 

(Hu and Zhang, 2019), making it less comfortable to wear for participants. To achieve Immersion or Flow it is 

crucial that the subject feels well and is not distracted by the connected sensors. Therefore, the Emotiv EPOC+ 

was instead chosen for the experiment, which is a 14-channel EEG headset, that only requires its electrode 

covering felt pads to be wetted with a saline solution before attachment. It offers a sampling rate of 256 Hz and 

uses a wireless connection via Bluetooth, making it comfortable to wear and install during the experiment. The 

14 electrodes are positioned after the International 10-20 system, which uniquely labels each electrode with 

letters for the brain area (F: Frontal, C: Central, P: Parietal, T: Temporal, O Occipital) and numbers for the 

horizontal position (odd numbers left hemisphere, even numbers right hemisphere; higher numbers are more 

outward than lower ones) encoding the exact position on the head. The voltage is measured between an active 

electrode and one of two additional reference electrodes placed on the bone behind each ear. 

The EPOC+ is connected to the experiment application using the WebSocket protocol (Melnikov, 2011). 

It continuously sends the measured voltage values as well as current contact quality values of each electrode, 

indicating if an electrode needs to be repositioned or rewetted to achieve a better signal quality. The received 

values can be observed by the examiner, conducting the experiment, on a separate monitor screen. When the 

experiment is finished, the raw EEG data is automatically stored to an output file. 

3.3 Test Study 

Due to the Covid 19 pandemic a detailed study with many participants to achieve statistical significance could 

not be carried out yet. Instead, the experimental setup was tested with three different participants and trials. 

The participants were three male students in the age of 22-23, who had some previous experience in playing 

computer games and were therefore suitable for this experiment.  

Before the start of the experiment, participants chose the game, they wanted to play, so that they could be 

installed beforehand. In this test study, three different games were played: Rocket League (multiplayer 

vehicular soccer game), Age of Empires 2 (real time strategy game) and The Witness (3D first person puzzle 

game). The whole experiment was conducted on a PC system with enough computational power to run the 

chosen games fluently and to simultaneously manage and record the different data streams. 

At the start of each trial the EEG was prepared by wetting the felt pads with saline. After the preparation, 

subjects were told how they can attach it on their head. This attachment created no complications and subjects 

could easily handle it. The correct position and contact of the electrodes could be checked by looking at the 

monitor view. In some cases, one or two electrodes had to be repositioned right after attachment. During the 

gaming phase, it was avoided to reposition single electrodes, as this process heavily disturbs the experience. 

However, if multiple electrodes had been bad, an interruption would have been unavoidable to ensure a good 

data quality. 

Once the trial was finished, participants were asked, how the EEG device felt. All participants stated that 

they quickly stopped noticing the attached sensors. No feel of discomfort or distraction was reported. 

3.4 Analysis 

The analysis of the raw EEG data consists of preprocessing the signal (i.e., filtering and artifact removal) and 

a spectral analysis, regarding the activation in each frequency band. There have been studies looking at the 

event-related potential (ERP) of certain game or task events inducing Immersion or Flow (Katahira et al., 

2018). However, this does not fit to the definition of these mental states, since they are not triggered by single 

events but rather emerge continuously over a period of time. The whole analysis is performed using EEGLAB, 

an open-source MATLAB toolbox developed by Arnaud Delorme and Scott Makeig in 2004 (Delorme and 

Makeig, 2004). 

A problem with EEG is that it is considerably affected by noise through physiological and  

non-physiological artifacts. The largest noise sources are muscular movements, eye blinks and movements, as 

well as electrical interference from the alternating mains power supply (being at 50 Hz in Europe or 60 Hz in 

the US). For preprocessing, the signal is first filtered with a basic IIR low-pass and high-pass filter, cutting of 
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frequencies below 1 Hz and above 45 Hz. Secondly, bad channels with a high deviation from other channels 

are removed by hand. 

Before further removal of data, an independent component analysis (ICA) is performed, which is used to 

separate independent signal sources linearly mixed in several sensors or in this case multiple electrodes. It is 

implemented through a machine learning algorithm, that can extract potentially artifact-related components 

from the multi-channel signal. Automatic labeling of the components was used, to find components, related to 

specific artifacts. For the study, especially eye artifacts could be mitigated by removing the respective 

components and thereby smoothing the original multi-channel signal. 

After applying ICA, the 30-minute data is split into three-minute segments to fit to the time periods of the 

answered questionnaires. The signal still contains some artifacts, which could not be extracted by ICA and 

must be removed manually by totally rejecting the artifact-related time periods. As participants can move freely 

during the experiment to be able to achieve Immersion or Flow, the recorded EEG signal was relatively noisy 

and had a lot of artifacts. Still, most of the recorded data could be used without distorting the results too much. 

The spectral analysis was performed with a MATLAB script using functions from EEGLAB to calculate 

the power spectra. A power spectrum contains the power contribution of each frequency over a period of time. 

It is calculated using the Welch’s Method, which is based on the fast Fourier transform algorithm (FFT). FFT 

calculates the discrete Fourier transform of a discrete time signal 𝑥[𝑛], 𝑛 = 1,2, … , 𝑁 and a discrete frequency 

𝑓 = 𝑘𝑆/𝑁, where 𝑆 is the sampling rate and 𝑘 = 0, 1, … , 𝑁 –  1 as  

 

𝐹[𝑘]  =  ∑ 𝑥[𝑛]𝑒−𝑖2𝜋𝑘𝑛/𝑁

𝑁−1

𝑛=0

, 

 

where the number of sample points 𝑁 is chosen as a power of 2 for efficiency, which can be achieved by 

adding a number of zeros at the end of the original time-series data. In the Welch’s method, the signal is first 

divided into windows and then FFT is performed on each window to reduce variance (Hu and Zhang, 2019). 

The created MATLAB script uses the Welch’s method of EEGLAB without overlap, a window size of 256 

and a FFT sample size of 256, to calculate the power spectrum of each data segment. The spectra are then 

averaged in power for each frequency band (Delta: 1-4 Hz, Theta: 4-8 Hz, Alpha: 8-13 Hz, Beta: 13-30 Hz, 

and Gamma: 30-40 Hz) in each channel. With this data, power development in each frequency band over the 

different time segments for each subject can be analyzed. 

The gathered questionnaire data is automatically evaluated using a previously developed evaluation 

application, considering the different questionnaires and the analysis of the respective Likert scale. As the 

Immersion questionnaire by Cheng et al. is used in the experiment, Immersion is subdivided into the three 

levels Engagement, Engrossment, and Total Immersion, as proposed by Cairns et al. Based on the evaluation, 

the data segments are classified by one or more of the respective mental states as they can emerge at the same 

time. Additionally, the baseline data segment is analyzed and builds its own class in terms of mental states. 

Data segments containing the same mental state classification are then averaged over all trials. 

4. RESULTS 

The analysis results in the average spectral power density in the respective frequency band per channel for each 

of the five mental states (Baseline, Engagement, Engrossment, Total Immersion, and Flow). Figure 3 shows 

the results for the theta and beta band. It should be noted that channel O1 had a technical issue during the test 

study and therefore had to be removed from each trial. 

The first frequency band regarded, is the theta band. Previous studies showed an increase of theta waves 

during Immersion (Nacke et al., 2011; Lim et al. 2018) and Flow (Katahira et al., 2018). In this test study, theta 

power appears to increase compared to baseline in the frontal areas during Engagement and especially 

Engrossment. Total Immersion and Flow on the other hand do not show a big difference to the baseline. 

Engrossment is achieved when the gamer’s emotion is directly affected by the game and the game controls 

become invisible. As theta waves have been previously associated with emotions, intuition, and creativity 

(Aftanas and Golocheikine, 2001), this could therefore strengthen the proposed definition of Engrossment by 

(Cairns et al., 2006). 
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Figure 3. Results of the analysis for theta activation (above) and beta activation (below) for each channel (except O1) 

Beta activity is overall higher compared to baseline during both Immersion and Flow. This was also seen 

in previous studies and makes sense due to the general association of beta waves with cognitive processing, 

decision making and problem solving (Ray and Cole, 1985). However, there are no clear differences between 

the individual Immersion levels or Flow. 

The other frequency bands show no further relevant changes in power. Alpha activity is overall highest for 

the baseline. Delta waves have a contradictory power distribution across different channels. Gamma activity is 

only slightly higher for Immersion and Flow in frontal areas compared to baseline but is too low to be relevant. 

While in previous studies alpha and gamma activity were also not found to be relevant to Immersion or Flow, 

there is one study that found an increase in delta power during Immersion (Nacke et al., 2011). 

 Throughout all frequency bands, Total Immersion and Flow are very similar in their power distribution, 

which could indicate a close relation between total Immersion and Flow as suggested by the proposed model. 

5. CONCLUSION 

In this paper, a method of measuring EEG in the context of game Immersion and Flow was presented. The 

experiment was tested with an initial test study and the measured data could be successfully analyzed and a 

first correlation attempt was made. Although the results indicate a specific correlation, this remains to be proven 

by conducting a study with more participants to achieve statistical significance.  

In addition, within future studies EEG data can be correlated to other physiological data measured during 

the experiment. This would not only further improve the identification of Immersion and Flow, but also enables 

a perhaps automated artifact removal within the EEG data. Previous studies have already shown this working, 

for identifying eye artifacts with eye trackers (Mannan et al., 2016) or muscle artifacts with electromyography 

(EMG) (Fitzgibbon et al., 2016).  

Another more ambitious research goal for the future would be automatically detecting Immersion and Flow 

in real time. This can only work after gathering enough data and will probably require a machine learning 

system for pattern recognition. In terms of EEG measurement, there are many active research areas, including 

the BCI research, which show that this approach is possible. If proven successful, it could make the use of 

Immersion and Flow questionnaires redundant. 
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