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Academic trajectory

• 1998: graduation from theoretical physics, Faculty of Mathematics and Physics, Comenius University, 

Bratislava

• 2006: PhD biomedical engineering, Institute of Measurement Science of Slovak Academy of Sciences, 

Bratislava, Dissertation: Audio-visual stimulation and relaxation, linear and nonlinear EEG measures

• Research focus:

- measurement, processing and analysis of bioelectric signals

- biological effects of electromagnetic fields

- biological and mathematical modeling

- application of machine learning and artificial intelligence in biomedicine
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Involvement in CogSci student projects

2016
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Introduction on Flow state

Definition:

- mental state when a person is fully immersed in an activity, experiencing a sense of energised 

focus, full involvement, and enjoyment in the process of the activity

Occurrence:

- Flow is occasionally experienced by athletes, artists, writers, designers, managers, scientists, and 

anyone deeply engaged in their work, study, or hobby

Benefits:

- achieving Flow leads to peak performance and increased satisfaction, making it a desirable state in 

both professional and personal contexts
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Peak performers and the Flow state

• Michael Jordan (basketball): In "the Zone" actions were automatic, and the game seemed to move in 

"slow motion"

• Mo Farah (long-distance running): going "in the zone and just block everything"

• Steph Davis (free solo climbing): "feeling of calm energy," where her body seems to "take control" 

resulting in effortless movement despite the immense life-or-death pressure

• Yoyo Ma (classical music): "My hands are simply obeying the music that has already composed 

itself inside me."

• Julia F. Christensen (ballet dancer and neuroscientist): "Total absorption in my body’s movements, 

without the constant chatter that typically accompanies our waking lives. You lose yourself in it."



History

• phenomenon and term “Flow” was introduced relatively recently

• pioneering work of Mihaly Csikszentmihalyi

• american term: “in the zone”

• in 1990: book Flow – The psychology of optimal expereince
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Flow signatures: Psychology

Components of Flow from Csikszentmihalyi

• challenge-skill balance

• merging of action and awareness

• clarity of goals

• immediate and unambiguous feedback

• concentration on the task at hand

• paradox of control

• transformation of time

• loss of self-consciousness

Autotelic personality: a person performs acts because they are intrinsically rewarding, rather than to 

achieve external goals
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Flow signatures: Psychology

• Csikszentmihalyi's flow model according to challenge and skill levels
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Associating Flow with creativity and intuition

• temporary reduction in cognitive control - downregulation of the prefrontal cortex

• going through experiences with intrinsic motivation 

• Intuition: In the state of deep immersion the "noise" generated by the Default Mode Network 

(DMN) is minimized. This allows subtle, subconscious cognitive associations to surface into 

conscious awareness.

• Divergent thinking: Flow shifts the brain’s default processing mode from convergent thinking 

into exploring multiple novel solutions - the core mechanism of spontaneous creativity.

• Motor intuition: bypassing slow processing, decisions through basal ganglia and motor 

cortex, resulting in instinctive, highly refined actions ("magical" pass in football).
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Flow & Altered states of consciousness

• Flow has phenomenological and neurological overlaps with

- hypnotic trance

- meditative absorption

• Common features:

- downregulation of the Prefrontal cortex

- dissociation - detachment from the environment

- ideomotor action: movements feel "automatic" or "channeled“, bypassing executive control

• Extensions to spirituality: 

- self-transcendence

- ego-dissolution - deactivation of the Default Mode Network (DMN), subjective loss of the 

“self/other" boundary

- non-duality: states described in contemplative traditions (Zen, Vipassana), where the observer 

and the observed merge

• With Flow, any activity, e.g. sport, becomes a spiritual experience because the biological machinery 

of the "Ego" has gone offline



Possible Flow correlates: Physiology

• Heart rate variability (HRV): increased

→ optimal vagal tone (parasympathetic dominance), improved self-regulation, "relaxed 

alertness"

• Galvanic skin response (GSR / EDA): low & stable activity

→ low sympathetic arousal, low anxiety, "no worry of failure"

• Peripheral skin temperature – stable or increased peripheral warmth

→ good blood perfusion, indicates low anxiety-induced vasoconstriction 

• Autonomic Nervous System Regulation:

- Sympathetic Nervous System - provides energy and arousal ("Fight or Flight")

- Parasympathetic Nervous –calm, control, and metabolic efficiency ("Rest and Digest") 



Possible Flow correlates: Neurophysiology

Potential EEG correlates of Flow:

• Alpha waves (8–13 Hz) increase (frontal/central areas) 

→ relaxed alertness, non-processing attention

• Theta waves (4–8 Hz) increase (frontal midline)

→ concentration, immersion, internal processing, retrieval of automated, implicit 

knowledge

• Lower beta waves (13–18 Hz) decrease 

→ Hypofrontality hypothesis: analytical, self-monitoring function is reduced.

• Gamma waves (>30 Hz) occasional increase (task-dependent) 

→ rapid information processing

Katahira et al. (2018): EEG Correlates of the Flow State: A Combination of Increased Frontal Theta and Moderate Frontocentral Alpha Rhythm in the Mental 

Arithmetic Task, Front. Psychol. 9



Our related study: Measuring relaxation with EEG
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Possible Flow correlates: Biochemistry

• Norepinephrine: increases alertness, attention

• Dopamine: feeling of reward, motivation

• Endorphins: euphoria - body's natural opiate

• Anandamide: endogenous cannabinoid (the body's own THC), creative lateral thinking

• Sequential release of these neurochemicals:

- contributes to a temporary increase in cognitive load capacity

- reduces the experience of effort and self-monitoring, prerequisite to optimal experience



Possible Flow correlates: Neuroimaging

• Dorsolateral prefrontal cortex (DLPFC): decrease in activation (hypofrontality) 

→ cessation of self-monitoring & "inner critic“

• Default mode network (DMN): suppression

→ elimination of distraction, effortless focus

• Subcortical regions (striatum, basal ganglia): increased activity

→ automated skill execution

• medial prefrontal cortex (MPFC): deactivation

→ loss of self-consciousness, subjective feeling of the ego dissolving

Dietrich (2003): Functional neuroanatomy of altered states of consciousness: The transient hypofrontality hypothesis, Consciousness and Cognition 12(2)

Ulrich et al. (2016): Neural signatures of experimentally induced flow experiences identified in a typical fMRI block design with BOLD imaging, Social Cognitive and 

Affective Neuroscience, Volume 11(3)



Critical summary of Flow 

characteristics

Review by Alameda (2022): The brain in flow: 

A systematic  review on the neural basis

of the flow state, Cortex 154:

• the dynamics of mentioned brain regions during the Flow state are inconsistent across studies

• available evidence is sparse and inconclusive

• major limitations: 

- the small number of studies

- the high heterogeneity across them

- important methodological constraints

• Heterogeneity includes:

- different settings

- various tasks (e.g. mental arithmetic task vs. sport)

- similar states to Flow, e.g. altered states of consciousness



Research part
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Starting our research

• Focus on research concepts, methodology, and proposition of testable hypotheses

• CAHUST approach: observation + introspection in real life situations

• Aim: create a robust, measurable Flow readiness index

• How:

- proper sensors selection

- ground truth identification

- combination from multimodal multidimensional data space

- data processing with ML & AI

• Our goal is to develop a comprehensive system for the assessment, monitoring, and training of the 

Flow state, providing athletes, managers, and artists with the tools for achieving lifelong excellence 

and well-being. 
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Strategy

● Realistic goal: Flow in a broader sense -

measuring the effectiveness of any performance

Core Flow: Deep Flow state or Transcendental Flow

● Detection of not only Flow: anything in a continuum between 2 poles: 

- from absence (stress, suppressed attention)

- to the full manifestation of Flow

● Strategy for technology & devices: from rich offer prioritising

according to ease of use (lab vs. field), “noninvasiveness”, accessibility

core

Broader Flow

Available tech

appropriate



Potential application in different industries

• Where Flow creates value?

• Why sports and football?

- Complexity: conscious thinking is too slow

- Elite performance requires subconscious control, forcing players to rely entirely on trained implicit skills

- Data availability: Modern football provides vast amounts of physiological and event-based data to quantify  

the state leading up to peak moments

- The difference between a decisive victory and a loss often lies not in large physical differences, but in the 

player's momentary psychophysiological readiness

- Success is often determined by millisecond precision in timing, passing, or shooting

Sports

football

Human

resources

Education

Learning

Gaming

industry

Wellness

meditation

Flow ≈ Optimized performance
…

…

…

…

…



Application case study: Modern football analytics

• focused on deriving new metrics aimed at providing new added value

• exploitation of technology boom, miniaturized electronics, and mobile apps

• Data coming from diverse sources:

- tracking and monitoring devices mounted on player’s body

- cameras around the pitch

- sensors in the ball

• Example of available modern statistics:

- xG: expected goals - measures shot quality. Example: match outcome: 3 : 2, but 2.7 : 2.5 in xG

- xA: expected assists - measures pass quality for assists

• capturing either excellence or decline in performance

• demanding for injury prediciton, monitoring of rehabilitation and return to play process



Measurement: Methodology

• Measurement timing: the problem of during vs. pre/post

• two categories of obstacles:

- sport safety regulations: player can’t wear any device attached on the body during the match

- technical artifacts (signal contamination): Some types of biosignal measurements, like EEG, are 

contaminated by strong artefacts originating from dynamical movements  

• HW/SW general choices and strategy

• Search for secondary markers as a Flow correlates - in quantifiable sport performance metrics. Both: 

established and new ones 

• AI “can see” more than experienced eye of the coach → mixed approach
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Psychological

data

Physical

data

Cognitive

data

Event

data

Physiological

data

Football: Available data classes

Where is Flow ground truth?
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Measurement: Event domain

• event data represents the objective output of a player’s performance, providing quantifiable 

measures of success and decision-making quality

• recording parameters of all shots, passes, tackles, dribbles, clearances, etc.

• this data is the ultimate ground truth for validating the effect of the Flow state

• example: Wyscout application



Measurement: Physical domain

• physical data provides a quantitative record of how the player's body moves and how it interacts with 

the environment 

• essential for validating the external manifestations of the Flow state in real-time

• GPS tracking and accelerometry (Catapult, Ubico)

• total load: Measuring the cumulative stress and intensity (e.g., player load)

• high-intensity work: The number and quality of sprints, accelerations, and decelerations

• movement zonation: The distance covered in different speed zones

• heat maps



Measurement: Physiological domain

• Biological signals of different origin:

- heart rate (HR), often delivered with GPS trackers

- heart rate variability (HRV)

- galvanic skin response (GSR) / electrodermal activity (EDA)

- skin temperature 

- electroencephalography (EEG)

• Example of multimodal smart device:

- Empatica watch: HRV, EDA, skin temperature
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Measurement: Psychological domain

• Questionnaires for sports:

- Daily readiness questionnaire

- Profile of mood states

- Perceived stress scale

- Recovery-stress questionnaire for athletes

- Total quality of recovery
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• Flow scales

Rheinberg, Vollmeyer, and Engeser, 2003



Measurement: Cognitive domain

• Cognitive metrics quantify the speed and efficiency of decision-making in the Flow state

• General cognitive ability tests:

- reaction times

- sensory and perceptual thresholds

- ability to maintain focused attention

• Available tools:

- Psychophysics toolbox (Matlab)

- PsychoPy (Python)
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Preliminary results in football: personal anecdotal evidence

• regular Flow reporting

• amateur football matches, 8 years, 106 matches, once a week, with larger gaps

• search for correlates in mental, physical, emotional, and cognitive domains

• ground truth assessment: combination of objective and subjective factors -

event data & psychological Flow components

• Flow periodicity found: typically ~ 1 - 2 months

• continuity: neighboring points seem to be correlated

• Flow is equivalent to "good form" or "peak performance."

• The most relevant factors seem to be:

- clear mind

- peaceful arousal

- football drive

- level of passion and delight

• hypothesis: It will correlate with

measured physiological parameters 0
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Football: Off-line analysis
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• Search for patterns in movement
- subtle biomechanical variations in a form of micro-movements

• Classification task:
- two categories - Flow vs. absence of Flow

• Time duration: 
- during the whole game
- in selected time windows

• Example of testable hypothesis: Flow reduces "motor noise“; efficient muscle recruitment; 
absence of unnecessary micro-corrections

• Data source (under negotiation):
- players from DAC Dunajská streda, categories U15 - U19
- players from FC Petržalka, categories U15 - A



Football: Intra-game Flow prediction

• Goal: to create a short-term prediction of whether a player will get into or stay in Flow

• A dynamic view: exploring trends of specific metrics

• Baseline reference level for each individual player

• Situations in which the approach could be applied: 

- player performance prediction (increasing or decreasing) for the next part of the game 

→ substitution recommendation

- prediction in special situations

- penalty execution - evaluation against bipolar result

→ possible AI recommendation when selecting a penalty taker

• Testable hypothesis: Onset of Flow will be either gradual or abrupt

• Methodology is partly based on our previous projects: EEG relaxation, prediction of

intracranial pressure, electricity load
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Football: Cooperation

• Building an interdisciplinary team

• Sport scientists:

- Tomáš Vencúrik (Masaryk University / Comenius University)

- Filip Skala (Comenius University / FC Petržalka)

• Access to quality data:

- football coaches:

- Dávid Kondrlík (FC Petržalka)

- Martin Mikulič (DAC Dunajská streda / Comenius University)

- cooperation with Slovak first football league and Slovak football association

(under preparation)

• VEGA grant proposal 2026
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Training of Flow I

• Natural:

- various mental training techniques

- Mindfulness

• Instrumental:

- principle of biofeedback

- virtual and augmented reality

• Interventions that can regulate arousal levels, keeping a person in the optimal zone:

- Audio-visual stimulation: brain waves entrainment & synchronisation



Training of Flow II

• Non-invasive brain stimulation for potential engineering of cognitive states:

- transcranial direct current stimulation (tDCS)

- transcranial alternating current stimulation (tACS)

- transcranial magnetic stimulation (TMS)  

• Flow coaching:

- rise of mental training in sports

- introducing new approaches and tools

- unique methodology suitable for sports, arts, managers, and enthusiasts
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Training approaches: Meditation

• Why is it relevant for Flow?

- setting frame for inner optimal arousal

- training for staying in present moment

- enhancing emotional self-regulation

- reducing emotional stress

• Preferred types of meditation:

- Mindfulness (presence, non-judgmental awareness - open monitoring)

- Vipassana (absorption, focused attention, sustained concentration)

- Loving-kindness (arousal, positive valence induction)



Training approaches: Mind wandering

• Suppression of mind wandering – when thoughts drift away from the immediate task

• Practical exercise: Who can keep thought-less mind with closed eyes for 10 s?

• Can “mind noise” be monitored in real-time?

- overall EEG power in frontal cortex regions

- GSR

• Trainable by biofeedback

• Removing distractions

- Flow often fades when anxiety or boredom sets in
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Ethical aspects and risks
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• Do we want to rebuilt humans into machines?

• Bio-hacking: controlling and manipulation of body, physiology, cognition and arousal

• AI dilemma: positive impact on humankind?

• The development can’t be stopped, let’s rather utilize it meaningfully, and with regulations

• Risks:

- Hyper-quantification instead of authentic experience

- Quantified self paradox: human augmentation for improving or destroying?

- Instrumentalization: over-focus on measured technical metrics, experience through data

- Loss of spontaneity and the natural joy of the process



How to master Flow for yourself

• Literature for personal development

• improve your mind-body connection

• strengthen your ability to be calm, focused and inspired every day



Application part
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Flow state detection and 
training app



Mental Flow app

Michal Teplan

team Flow hunters

- Challenger Science program provided by Civitta, 9-12/2024

- workshop for scientists to run startups

- granted by ESET company



Basic questions

• What is the Problem?

Absence of optimal exploitation of human abilities for enhanced performance

• What is the Solution?

Monitoring and management of Flow across nearly any activity
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Problem

• many professionals don't know how to optimize 
their work productivity and achieve Flow

• fitness and meditation apps ignore complex signals 
from the body and mind

• employee performance typically has a 
margin of 10-35%

• boom of sensors and wearables

• data from them is fragmented

• opportunity for technological unlocking



Solution

• improving sports/work performance

• monitoring work productivity

• personalized training

• positive impact on well-being
• Our unique application combines:

- biomechanical, physiological and cognitive data

- multimodal biomedical data:

GPS, HR, HRV, GSR, EEG, respiration, eyes

- audio, image, video - emotions, face, body language

- with advanced AI analysis

• technology platform for Flow

• identification of Flow markers

• feedback based on data, not 
subjective impressions

• prediction of work performance and 
Flow

exhaustion
lack of concentration Flow

weak
performance



Conclusions

• Flow is biology, not magic: measurable physiological and biochemical processes

• The scientific quest continues: available scientific evidence remains sparse and non-specific

• From describing Flow to engineering it: our research focuses on active monitoring, prediction, and 

guided training

• The goal is to develop a robust Flow readiness index using multimodal data and AI

• Training: synthesis of wisdom and technology: combining proven mental techniques (mindfulness, 

Vipassana) with modern tools (AI, biofeedback, non-invasive brain stimulation)

• Real-world impact: contribute to higher work efficiency and optimal performance in virtually any 

activity
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Vacant student & team positions

Call for cooperation & Head hunting

• psychologists

• IT developers

• data scientists

• unspecified enthusiasts
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Student project proposals on Flow

• Applied informatics/Data science:

- Assessment of Performance & Flow of young football players from biomechanical and  

physiological data: classification & prediction tasks (modelling project)

- Injury prevention & return to play for young football players: Novel approaches from biomechanical  

and physiological data analysis (modelling project)

• Psychology field:

- Contribution to study design for investigation of Flow in sports (empirical project)

- Psychological hypothesis: Flow is enhanced by improved “communication with the 

subconscious mind” by using traditional and non-traditional techniques (theoretical or empirical  

project dealing with implicit learning, cognitive automation, hypofrontality, …)

michal.teplan@savba.sk
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