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Abstract 

This research proposal focuses generally upon the concept of “flow”, a description for a highly 

focused mental state recognized and named by Hungarian-American psychologist Mihaly 

Csikszentmihalyi and its impact on education theory.  In particular, the study proposed herein 

will review current literature concerning the specific issue of whether a mental state of flow 

artificially induced by neurofeedback can beneficially impact education and, also, propose a true 

experiment  (the test) in which the learning achievement of second term calculus students using 

neurofeedback to achieve a mental state similar to that experienced during flow is compared to 

the learning achievements of a control group not using neurofeedback or any other method of 

artificially inducing the flow state. (The mental state of flow can also be achieved using 

traditional educational methods, meditation and has been reported to have been induced by 

electrotherapy or direct electrical stimulation of the brain)  At the conclusion of the testing, the 

students will participate in focus group discussions, the purposes of which will be, among other 

things, to ascertain the existence of factors which might affect the validity of the testing protocol 

and the test results and, also, provide information which could be relevant to further testing 

and/or improve the efficacy of the neurofeedback procedure.  Based on other studies which have 

been conducted concerning this issue, it is expected that the students using neurofeedback will 

achieve significant gains in their acquisition of calculus knowledge as evidenced by an 

improvement in their grades.  It is also expected that this research will provide valuable 

additional information to other researchers as well as assistance to individuals who wish to better 

understand this area of mathematics and educational institutions which obviously want to make 

this area of knowledge more readily accessible to their students.  
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Inducing the Flow State by Means of Neurofeedback and Its Impact on Students of Calculus 

Introduction 

 Flow for purposes of this paper is a description for an individual’s mental state that arises 

when the individual is totally immersed in an activity.  Although this mental state and its 

recognition has been around since the dawn of mankind, it was Hungarian-American 

psychologist Mihaly Csikszentmihalyi1 who as early as 1975 recognized such state as an 

important element in achieving goals and living a happy life. (A list of the publications of 

Mihaly Csikszentmihalyi is set forth in Appendix D) His theories were incorporated in his book 

Flow: The Psychology of Optimal Experience published in 1990.  

“According to Csikszentmihalyi, people are happy when they are in a state of flow, a type 

of intrinsic motivation that involves being fully focused on the situation or task. He 

describes flow as "being completely involved in an activity for its own sake. The ego 

falls away. Time flies. Every action, movement, and thought follows inevitably from the 

previous one, like playing jazz. Your whole being is involved, and you're using your 

skills to the utmost." (Cherry, Kendra 2018) 

 

Mihaly Csikszentmihalyi identified eight characteristics of flow:  

 

1) Complete concentration on the task 

2) Clarity of goals and reward in mind and immediate feedback 

3) Transformation of time (speeding up/slowing down of time) 

4) The experience is intrinsically rewarding 

5) Effortlessness and ease 

6) There is a balance between challenge and skills 

1 For people who are challenged by pronouncing Hungarian names here’s a fun trick to 

remember and pronounce his name: “Me high? Cheeks send me high!” (Positive Psychology 

Program, 2016) 
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7) Actions and awareness are merged, losing self-conscious rumination 

8) There is a feeling of control over the task 

(Positive Psychology Program, 2016) 

 

Mihaly Csikszentmihalyi (Positive Psychology Program, 2016) 

 Among other things, in 1997 Mihaly Csikszentmihalyi published an article in the 

NAMTA Journal, a publication of the North Americans Montessori Teachers Association, 

entitled Flow and Education in which he discussed teaching methods to encourage flow. 

(Csikszentmihalyi, Mihaly, 1997)   A power point presentation on this topic created by Mihaly 

Csikszentmihalyi in June of 1997 for the Lawrenceville School can be accessed on line.2 

  

2https://s3.amazonaws.com/academia.edu.documents/36129404/csikszentmihalyipowerpo

int.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1544204618&Signature=

nMAEux5B%2Fd3Tx%2B7h8lIACuqhAS0%3D&response-content-

disposition=inline%3B%20filename%3DFlow_and_Education_Flow_and_Education_Fl.pdf 
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 The following is an excerpt from an article posted by Steve Wheeler, Associate 

Professor, Plymouth Institute of Education on teachthought in which he provides a brief 

overview of flow in the classroom: 

“Learners who are immersed in their studies tend to be single-mindedly motivated to 

explore their topic. Getting them to the place where they fall so in love with learning that 

little else matters is another matter entirely. One of the ways teachers can help students to 

focus more on their studies is to make learning so irresistible that there is seems to be no 

other option. 

Games and gamification may offer students the fine equilibrium between boredom and 

anxiety, as will other forms of immersive such as role play, simulation and problem 

solving. As long as the learning resource is designed to have the appropriate levels of 

challenge built into it, students will be interested. The graphic illustrates this clearly. P2 

and P3 are positions that should be traversed quickly if students are to remain in the flow. 

(See also our post on Why We Play Video Games.) 

To be successful, challenge-based learning requires achievable goals that require some 

incremental development of skills beyond the average, and where the challenge rises 

commensurately to match those skills (student progresses from P1 to P4). If the subject 

matter is made interesting and enjoyable enough, teachers won’t have to work too hard to 

encourage students to actively engage. 

They will do so naturally, because they will want to rise to the challenge, and succeed 

because they see no other possible outcome.” 

(Wheeler, Steve, 2018) 

The publication of Flow: The Psychology of Optimal Experience coincided with the 

proclamation of President George H. W. Bush declaring 1990 - 2000 to be the Decade of the 

Brain  
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The Decade of the Brain Logo  

(Library of Congress, 1990).  This decade saw a  spurt in public and professional interest in the 

localization of neural phenomena to distinct anatomical regions of the brain.  This interest led to 

a rapid uptick in the more direct study of the brain and its psychological implications and the use 

of tests such as the electroencephalogram (EEG) and fMRI bold neural imaging. (Wikipedia, 

2018, Decade of the Brain) 

 Brain waves were first observed by Hans Berger, a German psychiatrist who in 1924 

succeeded in recording the first human electroencephalogram (EEG) and went on to invent the 

first device to record such activity in 1925. (Sorkin, Jordan, 2016) 

 In 1988, Ned Herrman, an American creativity researcher and author, known for his 

research in creative thinking and as a contributor to Scientific American, published The Creative 

Brain, a book in which he described the 4 main brain states, The following is an excerpt from a 

Scientific American newsletter published by him, What is the function of the various 

brainwaves?: 

” There are four categories of these brainwaves, ranging from the most activity to the 

least activity. When the brain is aroused and actively engaged in mental activities, it 

generates beta waves. These beta waves are of relatively low amplitude and are the 

fastest of the four different brainwaves. The frequency of beta waves ranges from 15 to 

https://en.wikipedia.org/wiki/Electroencephalogram
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40 cycles a second. Beta waves are characteristics of a strongly engaged mind. A person 

in active conversation would be in beta. A debater would be in high beta. A person 

making a speech, or a teacher, or a talk show host would all be in beta when they are 

engaged in their work.

 
The next brainwave category in order of frequency is alpha. Where beta represented 

arousal, alpha represents non-arousal. Alpha brainwaves are slower, and higher in 

amplitude. Their frequency ranges from 9 to 14 cycles per second. A person who has 

completed a task and sits down to rest is often in an alpha state. A person who takes time 

out to reflect or meditate is usually in an alpha state. A person who takes a break from a 

conference and walks in the garden is often in an alpha state. 

 

The next state, theta brainwaves, are typically of even greater amplitude and slower 

frequency. This frequency range is normally between 5 and 8 cycles a second. A person 

who has taken time off from a task and begins to daydream is often in a theta brainwave 

state. A person who is driving on a freeway, discovers that they can't recall the last five 

miles, is often in a theta state--induced by the process of freeway driving. The repetitious 

nature of that form of driving compared to a country road would differentiate a theta state 

and a beta state in order to perform the driving task safely. 
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Individuals who do a lot of freeway driving often get good ideas during those periods 

when they are in theta. Individuals who run outdoors often are in the state of mental 

relaxation that is slower than alpha and when in theta, they are prone to a flow of ideas. 

This can also occur in the shower or tub or even while shaving or brushing your hair. It is 

a state where tasks become so automatic that you can mentally disengage from them. The 

ideation that can take place during the theta state is often free flow and occurs without 

censorship or guilt. It is typically a very positive mental state. 

The final brainwave state is delta. Here the brainwaves are of the greatest amplitude and 

slowest frequency. They typically center around a range of 1.5 to 4 cycles per second. 

They never go down to zero because that would mean that you were brain dead. But, 

deep dreamless sleep would take you down to the lowest frequency. Typically, 2 to 3 

cycles a second. 

When we go to bed and read for a few minutes before attempting sleep, we are likely to 

be in low beta. When we put the book down, turn off the lights and close our eyes, our 

brainwaves will descend from beta, to alpha, to theta and finally, when we fall asleep, to 

delta. 

 

Although Hans Berger discovered brain waves in 1924, it was Dr. Joe Kamiya at the 

University of Chicago who in 1960 discovered the existence of neurofeedback by observing that 

certain of his subjects could learn to control the amplitude and frequency of their own EEGs if 

given appropriate feedback.  Despite such findings, it was not until the 90’s that research 

concerning this phenomenon really took off. (Evans, James R., Abarbanel, Andrew, 1999)  

Now, over 60 years later, Dr. Kamiya is referred to as the “Father of Neurofeedback”.  “Dr. 

Kamiya’s studies about Alpha/Theta neurofeedback were among the first to show a clinical use 

for this technology. The potential clinical applications were vast, and a group of researchers 

began to study how Alpha/Theta Neurofeedback could be used to help people with conditions 

ranging from ADD to addiction to learning to be calmer.” (Browne, Thomas G., 2017) 
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Dr. Joe Kamiya (Browne, Thomas G., 2017) 

Since the 90’s neurofeedback via EEGs has been used in many circumstances related to 

the treatment of mental disorders, sports performance and education to name a few. 

Although researchers have correlated certain brainwave patterns with the existence of the 

flow state for some time, the following are recent published studies in which flow has been 

associated with the prevalence of specific brain waves.   

In EEG Findings During Flow State, a significant between flow and the existence of 

theta brain waves was found. (Anon, 2018) 

In EEG Correlates of the Flow State: A Combination of Increased Frontal Theta and 

Moderate Frontocentral Alpha Rhythm in the Mental Arithmetic Task similar findings were 

made. (Katahira, K., Yamazaki, Y., Yamaoka, C., Ozaki, H., Nakagawa, S. and Nagata, N., 

2018)  

In How to Measure the Psychological “Flow”? A Neuroscience Perspective, the author, 

in reviewing current studies and literature concerning Neurofeedback and flow training, makes 

the following observation: 
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“Three recent reviews of Gruzelier (2014a,b,c) have paved the way for the application of 

appropriate EEG neurofeedback not only in BCI or rehabilitation domains but also in the 

search for different mental attitudes that are required for flow emergence, such as 

improvement of emotional-commitment, stage presence, expressiveness and creativity in 

music performance (Gruzelier et al., 2014). The same group (Gruzelier et al., 2010) 

demonstrated that neurofeedback training of the sensorimotor rhythm (SMR, 12–15 Hz) 

in virtual reality increased the Flow State scale score on the self-ratings sense of control. 

SMR training consists of providing feedback indication of three different frequency band 

powers at the same time (beta, 22–30 Hz; SMR, 12–15 Hz and theta, 4–7 Hz) and 

rewarding subjects only if the SMR is enhanced without any concurrent increase of theta 

and beta oscillations (Gruzelier et al., 2014).”” 

 

(Cheron, Guy, 2016) 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138413/#B38
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138413/#B39
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138413/#B40
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138413/#B41
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138413/#B42
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138413/#B41
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Methodology 

 The primary method of research for the literature review utilized the internet and 

involved performing word searches on Google, Google Scholar and those databases provided by 

the University of Arizona Library. 

Keywords: Mihaly Csikszentmihalyi, flow, flow state, EEG, education, neurofeedback 
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Literature Review Regarding the Artificial Induction of a Mental State Similar to that of Flow by 

Means of Neurofeedback and Its Impact Upon Cognition 

 As indicated in the Introduction, the flow generated in the traditional learning 

environment involves the actual participation of the learner in a learning environment which is 

generally created by an instructor. Attaining a mental state of flow by means of neurofeedback, 

on the other hand, is an individual effort engaged in for the purpose of creating a specific mental 

state in which certain brain waves exist. Learning is not necessarily the criteria of success but, 

rather, the maintenance of the specifically desired brainwaves.  The following are several recent 

studies in which neurofeedback was used for the purpose of artificially creating this mental state 

for actual treatment: 

 Dr. David Sortino at The Neurofeedback Institute in Sonoma in Neurofeedback: How to 

get into the zone relates as follows when it comes to establishing the flow experience: 

“Fortunately, one successful non-invasive strategy that can promote gamma and alpha 

wave states is called neurofeedback. (Interestingly, neurofeedback has also proved to be 

highly successful with children with ADHD.  (Neurofeedback has been supported by the 

American Association of Pediatrics as having Level 1 efficacy (top ranking) in 

application to ADHD. 

How does neurofeedback work to produce a zone-like experience? Training generally 

consists of placing a couple of electrodes on the scalp and one or two electrodes on the 

earlobes. Then EEG equipment provides real-time, instantaneous audio and visual 

feedback to the subject about his or her brainwave activity 

The brain’s electrical activity is simply relayed to the computer. When we can see a 

representation of our brainwave activity on a computer screen a  small fraction of a 

second after they occur, it gives us the ability to influence and change them through a 

process of operant conditioning. We are now literally able to recondition and retrain the 

brain. At first, the changes are short-lived, but the changes gradually become more 

enduring and with continuing feedback, coaching, and practice, improved brain 

functioning can usually be trained in most people, and the changes are enduring. 

Electrode placements can be determined based on quantitative EEG brain mapping 

assessments, or in relation to areas of the brain associated with various functional roles in 



INDUCING THE FLOW STATE BY MEANS OF NEUROFEEDBACK                                  13                                         

AND ITS IMPACT ON STUDENTS OF CALCULUS 
 

relationship to the International 10-20 System of Electrode Placement (The Journal of the 

American Board of Sport Psychology) Volume 1-2007; Article # 1).” 

Emphasis added by the author of this paper 

(Sortino, David, 2013) 

 In 2009, John Gruzelier, the same researcher noted by Guy Cheron cited above, noted in 

his abstract to his research paper, A theory of alpha/theta neurofeedback, creative performance 

enhancement, long distance functional connectivity and psychological integration:  

“Professionally significant enhancement of music and dance performance and mood has 

followed training with an EEG-neurofeedback protocol which increases the ratio of theta 

to alpha waves using auditory feedback with eyes closed. While originally the protocol 

was designed to induce hypnogogia, a state historically associated with creativity, the 

outcome was psychological integration, while subsequent applications focusing on 

raising the theta–alpha ratio, reduced depression and anxiety in alcoholism and resolved 

post-traumatic stress syndrome (PTSD). In optimal performance studies we confirmed 

associations with creativity in musical performance, but effects also included technique 

and communication. We extended efficacy to dance and social anxiety. Diversity of 

outcome has a counterpart in wide ranging associations between theta oscillations and 

behaviour in cognitive and affective neuroscience: in animals with sensory-motor activity 

in exploration, effort, working memory, learning, retention and REM sleep; in man with 

meditative concentration, reduced anxiety and sympathetic autonomic activation, as well 

as task demands in virtual spatial navigation, focussed and sustained attention, working 

and recognition memory, and having implications for synaptic plasticity and long term 

potentiation. Neuroanatomical circuitry involves the ascending mescencephalic-cortical 

arousal system, and limbic circuits subserving cognitive as well as affective/motivational 

functions. Working memory and meditative bliss, representing cognitive and affective 

domains, respectively, involve coupling between frontal and posterior cortices, exemplify 

a role for theta and alpha waves in mediating the interaction between distal and widely 

distributed connections. It is posited that this mediation in part underpins the integrational 

attributes of alpha–theta training in optimal performance and psychotherapy, creative 

associations in hypnogogia, and enhancement of technical, communication and artistic 

domains of performance in the arts.” 

 

(Gruzelier, John. 2009) 
 

 

Testing Methodology 
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 The test to be performed in this study will take place at a four-year university with a 

designated college of engineering. The sample group will be selected from the group of 

continuing students of engineering at that college who have just completed calculus I and are 

enrolling in calculus II. The sample group will, further, consist of those students who received a 

final grade in calculus I of B with a percentage final score within the range of 81% to 89%.  

From this sample group, 60 students will be randomly chosen and after such selection the 60 

students will be randomly allocated into two groups of 30 students each. One group of 30 

students will be the designated as the control group and receive no training in neurofeedback. 

The other group of 30 students will be designated as the test group and be trained in 

neurofeedback. No participant will be permitted in either group who has had prior exposure to 

neurofeedback.  

 A college of engineering at a four-year university is chosen because it is thought by this 

researcher that students in such program of study would be more similar in regard to their 

educational intent and efforts than students engaged in general education. In addition, calculus is 

not as widely offered at two-year colleges. Calculus is chosen as the course of study because it is 

thought by this researcher to involve a higher, more focused and more conceptual level of study 

and thinking than a course of study which relies primarily upon memorization. Second term 

students are chosen because it could be assumed that there would be less likelihood of attrition 

than might be expected from students studying calculus for the first time. For the same reason, 

“B” students are chosen rather than “C” students or lower. “A” students are not included because 

that it is more difficult to estimate the upper limits of their mathematical understanding and, 

other than an “A+”, there is no possibility of showing a level of improvement.  
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 It is never possible to eliminate all extraneous factors which might have an impact on the 

outcome of a study. However, standardization and the elimination of extraneous factors will be 

attempted as follows: 

1) All students participating in the test group will be trained in the use of the selected 

neurofeedback device by trainers certified in neurofeedback from the same institution 

who will all follow the same pattern of instruction.   

2) The timing and the circumstances of each of the neurofeedback sessions will also be 

standardized and the brain waves produced by each student in the test group will be 

monitored to make sure that each device continues to function properly and that each 

student is properly utilizing the device which has been assigned to them. 

3)  The brain wave patterns of all participants in the test group will all be observed real time 

as each participant operate the neurofeedback device assigned to them to ensure that they 

are focusing on those brain wave patterns identified in current studies to be consistent 

with the desired state of flow.  

4) All participants in both groups will be monitored throughout the course of the test by 

observation and periodic questionnaires to ensure that they have not been exposed to 

extraneous factors which might have an impact upon their test results, i.e. physical or 

mental health problems or financial demands which could affect their ability to 

participate in the study or enrollment is some form of supplementary study not previously 

used which would improve their scores.  

5) Thirty students are chosen for each group in order ensure equivalency. (Salkind, 2017)   

It will be assumed that all students who are chosen to participate in this experiment are 

starting from the same point in their understanding of calculus, so no pretest will be 
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performed. The post test will consist of the percentage grades received by the students in 

each of the test groups at the end of the term.   

6) It is unavoidable but, every effort will be made to reduce the occurrence of the 

Hawthorne Effect. Since the time frame for each test student’s involvement in this study 

will be approximately 3.5 months, it is anticipated that the novelty of their involvement in 

this experiment will dissipate over time. (Salkind, 2017)   

 After final grades have been awarded to all participants, focus groups will be formed as 

follows: 

A. A group will be formed from the one third of the participants receiving the highest 

percentage point increase in their grades relative to the grades received in calculus I. 

B. A group will be formed from the one third of the participants receiving the lowest 

percentage point increase in their grades relative to the grades received in calculus I. 

C. The remaining participants will form the third group. 

The focus sessions will take place no later than ten days after the conclusion of the term.  

The discussions to be conducted will focus upon the personal experiences related by each of the 

participants regarding the use of the neurofeedback device and the mental states they 

experienced during and immediately following the use of such devices during homework or class 

exams.  

In addition, after all grades are issued, the average percentage point change of the test 

group will be compared to the average percentage change of the control group to determine what, 

if any, if any significant change could be attributed to the use of the neurofeedback devices. The 

test to be used in evaluating whether Null Hypothesis is true will be the T-Test with P-values of 

0.1, 0.05, and 0.01.  If it appears that the spread of the initial grade range, 81% - 89%, is too 
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great, ANOVA will be utilized to equalize any differences among the participants. (Salkind, 

2017)  

 All students participating in the study will sign medical releases and confidentiality / non-

disclosure forms agreeing not discuss their participation in the test during the course of the test. 

All students participating in the test will also agree to release the results of their participation in 

the study. 

 The neurofeedback device and software package recommended for this study is the DSI 

24 WEARABLE SENSING EEG HEADSET W/NEUROGUIDE AQUISITION SILVER 

BUNDLE which can be rented for as low as $439/month.  (See Appendix A) This device has 

been chosen because of its ease of use and because it not only provides immediate feedback to 

the user but, also transmits a digital record of the brain scans to a computer via blue tooth. This 

device has also been used in similar studies.  Appendix B contains a list of URLs for 

neurofeedback devices and their manufacturers as well as comparative information. 

 A detailed estimate of the costs of this experiment including but, not limited to, 

equipment cost, professional fees, participant compensation and miscellaneous is set forth in 

Appendix C.  
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Results 

 As indicated in the abstract, the author is optimistic that the test results will rebut the null 

hypothesis and indicate that a substantial benefit can be obtained through the use of 

neurofeedback to establish an artificial mental state of flow in the course of studying calculus. It 

is also believed that beneficial anecdotal evidence will be obtained in the course of the focus 

groups. 
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Discussion 

 The use of neurofeedback to self-regulate one’s own mental state, a state consisting of 

brain wave patterns, is, as noted in the preceding paragraphs, a very recent phenomenon for 

which little scientific study has been performed.  It is, however, significant that certain 

procedures already have met with success and have been approved by the American Association 

of Pediatrics for treatment of ADHD. Studies of the type proposed herein will definitely help 

pave the way to a greater understanding of the state of flow, a state which has already been 

deemed successful in the classroom and other aspects of human existence, and whether the 

artificial induction of a brain state similar to that created while in flow will be of benefit to 

mankind.  

 The author is not oblivious to other areas of study which may have profound influences 

upon the brain state such as the computer brain interface which some futurists believe will result 

in the singularity.  

 The study proposed herein may therefore become an important building block in man’s 

effort to understand and control their own brains and destiny in an accelerating future. 
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Appendix A 

 

https://store.stens-biofeedback.com/products/dsi-24-wearable-sensing-eeg-headset-w-

neuroguide-aquisition-silver-bundle 
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Appendix B 

Non-Exclusive Lists of Neurofeedback Devices and Buyers Guides 

Wikipedia Comparison of neurofeedback software: 
https://en.wikipedia.org/wiki/Comparison_of_neurofeedback_software 
 
Stens Corporation: https://store.stens-biofeedback.com/pages/equipment 
 
Brainworks Neuropathy Neurofeedback Equipment Buyer’s Guide: 
https://brainworksneurotherapy.com/neurofeedback-equipment-buyers-guide 
 
EEG Sales: 
http://www.eegsales.com/Systems/Neurofeedback/General_Biofeedback.htm 
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http://www.eegsales.com/Systems/Neurofeedback/General_Biofeedback.htm


INDUCING THE FLOW STATE BY MEANS OF NEUROFEEDBACK                                  24                                         

AND ITS IMPACT ON STUDENTS OF CALCULUS 
 

Appendix C 

Test Requirements and Proposed Costs 

Equipment: 

 $  

Participant fees: 

 $ 

Professional fees: 

 $ 

Facility rental: 

 $ 

Miscellaneous employee / sub-contractor fees: 

 $ 

Legal and administrative: 

 $ 

Miscellaneous supplies: 

 $ 

Miscellaneous: 

 $ 

                                   _________________ 

Total: $ 
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