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Abstract 

Neurofeedback is a technique designed to facilitate learning how to control one's brain 

activity. Research in this domain suggests that neurofeedback training may have 

positive results in a variety of educationally relevant applications, both in clinical and in 

healthy populations. In this project, a stock, open-source electroencephalography 

processing software program (ActiView) has been modified to incorporate 

neurofeedback functionality. The modified program can now be used towards future 

research into the educational applications of neurofeedback. Gaps in the current 

neurofeedback research literature where greater clarification of results is needed, as well 

as new opportunities to use this tool for educational research, are identified. 

Keywords:  Neurofeedback; Biofeedback; EEG; Electroencephalography; Educational 
Neuroscience; ENGRAMMETRON 



 

v 

Acknowledgements 

Thank you to my family, friends, and colleagues who have been so supportive 

throughout this project.  This would not have happened without you. 

Thank you to my supervisor, Dr. Stephen Campbell, for giving me the opportunity to 

engage in this program of graduate studies at SFU.  The experience has been 

invaluable. 



 

vi 

Table of Contents 

Approval .......................................................................................................................... ii 
Partial Copyright Licence ............................................................................................... iii 
Abstract .......................................................................................................................... iv 
Acknowledgements ......................................................................................................... v 
Table of Contents ........................................................................................................... vi 
List of Figures................................................................................................................ viii 
List of Acronyms .............................................................................................................. x 

1. Electroencephalography and the Educational Relevance of 
Neurofeedback Research ..................................................................................... 1 

1.1. Frequency Bands and Experiential Associations .................................................... 2 
1.1.1. Delta ........................................................................................................... 2 
1.1.2. Theta .......................................................................................................... 2 
1.1.3. Alpha .......................................................................................................... 2 
1.1.4. SMR ............................................................................................................ 3 
1.1.5. Beta ............................................................................................................ 3 
1.1.6. Gamma ....................................................................................................... 3 

1.2. Neurofeedback ....................................................................................................... 4 
1.2.1. ‘Clinical’ Populations ................................................................................... 5 

ADHD ......................................................................................................... 6 
Autism ......................................................................................................... 7 
Learning Disabilities .................................................................................... 7 
Mood Disorders .......................................................................................... 7 

1.2.2. ‘Healthy’ Populations ................................................................................... 8 
Creativity and Creative Performance........................................................... 8 
Attention and Alertness ............................................................................... 9 
Cognitive Performance................................................................................ 9 

1.3. Learning Neurofeedback ...................................................................................... 10 
1.3.1. Side effects ............................................................................................... 10 
1.3.2. Instruments and Protocols used in Current Research ............................... 11 

1.4. Purpose of this work ............................................................................................. 12 

2. Methods............................................................................................................... 14 
2.1. BioSemi hardware: the ActiveTwo EEG system ................................................... 16 
2.2. BioSemi software: from LabVIEW to ActiView ...................................................... 17 

2.2.1. LabVIEW and Graphical Programming...................................................... 17 
Features of LabVIEW: block diagrams and front panels ............................ 18 
Features of LabVIEW: the case structure .................................................. 18 
Features of LabVIEW: auto-indexing ......................................................... 19 
Features of LabVIEW: virtual instruments ................................................. 20 

2.2.2. ActiView modification: the ring buffer ........................................................ 21 
2.2.3. ActiView modification: preparing data for neurofeedback processing ........ 23 
2.2.4. ActiView modification: neurofeedback processing ..................................... 29 

  



 

vii 

2.2.5. Neurofeedback Processing: Feedback per- Discrete Channel 
Program .................................................................................................... 32 
Feedback per- Discrete Channel Program User Interface ......................... 34 
Feedback per- Discrete Channel Program Code ....................................... 35 

2.2.6. Neurofeedback Processing: Feedback per- Brain Region Program ........... 39 
Feedback per- Brain Region Program User Interface ................................ 39 
Feedback per- Brain Region Program Code ............................................. 41 

3. Discussion .......................................................................................................... 43 
3.1. Benefits of the Software ....................................................................................... 43 

3.1.1. Paired with BioSemi’s sophisticated EEG hardware .................................. 43 
3.1.2. High resolution .......................................................................................... 43 
3.1.3. Inversion and ratio settings ....................................................................... 44 
3.1.4. Programming flexibility .............................................................................. 44 

3.2. Limitations of Software ......................................................................................... 44 
3.2.1. Room for further software development .................................................... 45 

3.3. Future Research Potential for this Software ......................................................... 46 
3.3.1. Optimizing neurofeedback protocols ......................................................... 46 
3.3.2. Learning neurofeedback ........................................................................... 47 
3.3.3. Sharper tools for learning .......................................................................... 49 
3.3.4. Optimizing Learning: Neural correlates of abilities and concept 

development ............................................................................................. 49 
3.3.5. Ensuring validity of research results .......................................................... 50 

3.4. Conclusion ........................................................................................................... 51 

References ................................................................................................................... 52 
 
 
Appendix.  Software Programming Code ....................................................................... 59 
 

 



 

viii 

List of Figures 

Figure 1: ActiView Front Panel Display – Monopolar Reference .................................... 15 

Figure 2: BioSemi Hardware ......................................................................................... 16 

Figure 3: Example block diagram performing addition and subtraction of two 
user-controlled variable, and its corresponding front panel (adapted 
from National Instruments, 2012) ................................................................. 18 

Figure 4: Case structure example pt. 1 (user selects "X squared" operation) ................ 19 

Figure 5: Case structure example pt. 2 (user selects "Inverse of X squared" 
option) ......................................................................................................... 19 

Figure 6: Programs within programs - detail of ActiView VI with SubVIs 
highlighted in red ......................................................................................... 21 

Figure 7: "Before" - detail of ring buffer initialization in 'Orange State 4' of 
ActiView original source code (see Appendix for complete overview of 
original and modified code) .......................................................................... 21 

Figure 8: "After" - detail of modified ring buffer initialization in 'Orange State 4' of 
modified code (see Appendix for complete overview of original and 
modified code) ............................................................................................. 22 

Figure 9: "Before" - detail of Orange State 4 in original source code where ring 
buffer data will be intercepted to prepare for neurofeedback 
processing ................................................................................................... 23 

Figure 10: "After" - detail of Orange State 4 in modified code where data is 
intercepted to prepare for neurofeedback processing .................................. 24 

Figure 11: original source code VI “Act_Ring,” which selects block of ring buffer 
data for display ............................................................................................ 25 

Figure 12: modified code VI “Act_Ring_FFT,” which selects block of ring buffer 
data for neurofeedback processing .............................................................. 26 

Figure 13: Act_Ring_FFT conceptualization - "True" case (no data wrapping) .............. 27 

Figure 14: Act_Ring_FFT conceptualization - "False" case (data wrapping) .................. 28 

Figure 15: Side-by-side comparison of Electrode Offset display and 
Neurofeedback display ................................................................................ 29 

Figure 16: Origins of the 'Neurofeedback Zone' – a comparison with 'Electrode 
Offset Zone' in original source code ............................................................. 31 



 

ix 

Figure 17: Speedmode 4 limitation in Act_Ring_FFT VI ................................................ 33 

Figure 18: Detail of user controls for neurofeedback in the 'per- Discrete Channel' 
program ....................................................................................................... 35 

Figure 19: Processes in the Neurofeedback-Opt VI ....................................................... 36 

Figure 20: Detail of spectral processing for 'A' channel (1-32) numerator in 
Neurofeedback-Opt VI ................................................................................. 37 

Figure 21: Detail of user controls in feedback per- brain region program ....................... 40 

Figure 22: Neurofeedback - OneBar VI ......................................................................... 41 

Figure 23: Channel-by-channel processing in FFT-MM VI ............................................. 42 

 



 

x 

List of Acronyms 

AC Alternating Current 

ADC Analog to Digital Converter 

ADHD Attention Deficit/Hyperactivity Disorder 

ASD Autism Spectrum Disorder 

BDF BioSemi Data Format 

DC Direct Current 

EEG Electroencephalogram 

EMG Electromyogram 

EOG Electrooculogram 

FFT Fast Fourier Transform 

GSR Galvanic Skin Response 

Hz Hertz 

LD Learning Disability 

MB Megabyte 

MMH Monomethyl Hydrazine 

MTL Medial Temporal Lobe 

NASA National Aeronautics and Space Administration 

NFT Neurofeedback Training 

nV nanoVolts 

QEEG Quantitative EEG 

SFU Simon Fraser University 

SMR Sensorimotor Rhythm 

USB Universal Serial Bus 

uV microVolts 

V Volts 

VI Virtual Instrument 



 

1 

1. Electroencephalography and the Educational 
Relevance of Neurofeedback Research 

Often referred to as the “organ of thought” (e.g. Campbell, 2011; Garcia-Lopez, 

2012), the human brain is the hub of the central nervous system, and its activities are 

widely considered to be fundamental to human consciousness, cognition, and learning 

(Grossberg, 1999; Askenasy & Lehmann, 2013).  Electrochemical reactions taking place 

at neuronal synapses in the brain are a dynamic and observable manifestation of these 

activities.  The oscillating electrical potential across different regions of the brain can be 

measured, and the recording of these measurements is referred to as an 

electroencephalogram (EEG).  The first EEG recordings were captured in the early 20th 

century by Hans Berger, who observed this phenomenon as a fluctuating, wave-like 

signal (Berger, 1929).  Even with the relatively primitive instrumentation that was 

available at the time, Berger was able to identify a very regular pattern of wave activity 

oscillating at 8-12 cycles per second (Hz).  This waveform has been dubbed ‘alpha,’ and 

since Berger’s time researchers have identified several brain ‘states’ that correlate with 

distinct mental states and that are defined by increased power in specific frequency 

bands (e.g., Delta; Knyazev, 2012; Theta; Ponjavic-Conte, Dowdall, Hambrook, Luczak, 

& Tata, 2012; SMR; Sterman, Wyrwicka & Roth, 1969; Beta; Perlis, Merica, Smith & 

Giles, 2001; Gamma; Fitzgibbon, Pope, Mackenzie, Clark & Willoughby, 2004). 

A raw EEG recording is not comprised of a single frequency of varying electric 

potential, but is rather a collection of several frequencies that are contributing at varying 

degrees to the overall signal.  Dietsch (1932) was the first to apply the Fast Fourier 

Transform (FFT) to EEG recordings as a way of extracting information about the extent 

to which unique frequency bands contribute to the overall power of a waveform.  This is 

now a very common processing method for EEG research, and more information about 

its derivation and broader applications can be found in Brigham’s (1988) detailed 

overview. 
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1.1. Frequency Bands and Experiential Associations 

In a review of the most commonly studied frequency bands and their behavioural 

and phenomenological associations, Demos (2005) emphasizes that these associations 

are not one-dimensional, and that their characteristics may be seen as positive or 

negative depending on the context.  Demos’ summary of these well-documented 

associations is outlined below in order of increasing frequency. 

1.1.1. Delta 

The delta frequency band resides between frequencies of 1 and 4 cycles per 

second (Hz).  Dominant delta frequencies in the EEG are most commonly associated 

with a sleep state, and delta is typically not a major component of the adult ‘waking’ 

EEG.  Rhythmic delta in adults can correspond with a traumatic brain injury; while a 

relationship between problem-solving activities and higher-amplitude, arrythmic delta 

has been observed (Angelakis, Lubar, Frederick, & Stathopoulou, 2002). 

1.1.2. Theta 

Theta frequencies occupy the range between 4 and 8 Hz.  Theta is typically 

observed as symmetrical between the right and left hemispheres, and high power in the 

theta frequency band is associated with creativity and spontaneity.  Asymmetrical theta 

can indicate conditions of depression or anxiety.  Theta activity is related to experiences 

of distractibility, inattention, and poor impulse control; and high ratios of theta-to-beta 

power are often observed in children with diagnoses of Attention Deficit/Hyperactivity 

Disorder (ADHD; Demos, 2005). 

1.1.3. Alpha 

The alpha frequency band ranges between 8 and 12 Hz.  It is generally 

associated with experiences of calm and relaxation.  Kasamatsu and Hirai (1966) noted 

signature alpha activity in Zen priests and disciples during meditation.  Alpha is 

particularly associated with the visual system, and increases substantially during periods 

of visual inactivity (e.g. when eyes are closed). 
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1.1.4. SMR 

The Sensorimotor Rhythm (SMR) is so named because of its prominence in the 

sensorimotor cortex of the brain.  Encompassing the range between 12 and 15 Hz, SMR 

overlaps upper-alpha and low-beta ranges.  It is an ‘idling’ rhythm in the sensorimotor 

cortex, and decreases during physical activity.  Frequencies of sleep spindles, which 

help to prevent arousal due to external stimuli during slumber, reside in the SMR band 

(Demos, 2005). 

1.1.5. Beta 

Beta frequencies range from 13 to 21 Hz.  The experience of a beta state is one 

of alertness, and of focused thought and attention.  In contrast to the ‘internal orientation’ 

typically associated with high SMR power, an individual in a beta state is more typically 

‘externally oriented’ (Demos, 2005). 

1.1.6. Gamma 

Gamma is a band of high frequency activity between 28 and 50 Hz.  It is not 

typically being observed only at a single location, but rather its activity is more commonly 

synchronized globally across the scalp.  Gamma is associated with the performance of 

problem solving tasks, and its power is generally lower in individuals with learning 

disabilities (Demos, 2005).  Relatedly, there is research that indicates gamma’s 

involvement in learning, which may be of particular interest to educational researchers 

(e.g. Gruber, Keil & Müller, 2001; Popescu, Popa & Paré, 2009). 

In this summary of frequency band characteristics, Demos (2005) also describes 

evidence of the developmental nature of the EEG; that it is not a static entity, and that 

the relative contributions of each frequency band rather change from childhood to 

adulthood (Angelakis, Lubar, Frederick, & Stathopoulou, 2002). 
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1.2. Neurofeedback 

In the 1960s, Joseph Kamiya was one of the first to investigate the effects of 

providing individuals with immediate feedback about their brainwave activity.  His 

research involved training these individuals to identify the experience of an ‘alpha state,’ 

where alpha waves dominate the composition of the EEG.  Kamiya’s earliest publication 

of this research (1968) describes two groundbreaking investigations into this area.  In 

one study, subjects were tested on their ability to repeatedly discern whether or not they 

were in an alpha state, and were provided with feedback as to whether or not they were 

correct.  It was observed that while success could initially be attributed to chance, over 

time many of the participants were able to identify their brain state with significant 

accuracy.  The second study explored whether or not subjects could enter an alpha state 

on command, a task that was again accomplished by several participants with significant 

results.  Kamiya was the first, but certainly not the last, to notice that some individuals 

seem to have an aptitude for learning to identify and control their brain states, and this 

interesting phenomenon is explored in more detail under the heading “Learning 

Neurofeedback.” 

Soon afterwards, a major revelation about the therapeutic effects of 

neurofeedback training (NFT) emerged.  Sterman, Wyrwicka, and Roth (1969) subjected 

cats to monomethyl hydrazine (MMH) as part of a United States Air Force-sponsored 

research project investigating the toxic effects of rocket fuels.  Some of the cats had 

coincidentally been a part of a recent and unrelated study involving neurofeedback 

training of the SMR.  Although MMH induced seizures in most cats at a certain dosage, it 

was unexpectedly (and very interestingly) observed in this study that the SMR-trained 

cats had a significant resistance to the chemical’s convulsive effects. As Hammond 

(2011) notes, a significant implication of this work is in its precluding the attribution of 

successful neurofeedback training to a placebo effect, as “it would not be anticipated 

that cats would form positive expectancies about being more seizure resistant simply 

because an experimenter was putting electrodes on their heads” (p. 319).  As well, 

because researchers were not originally planning to test the seizure mitigation effects of 

NFT, and this discovery was instead rather serendipitous, it is less plausible to suggest 

that results might be skewed due to bias on the part of the researchers.  Sterman’s 
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research group performed a number of follow-up studies to explore the training effect, 

and in 1974 demonstrated the efficacy of SMR neurofeedback training towards 

preventing seizures in epileptic humans (Sterman, Macdonald, & Stone, 1974). 

Although studies into NFT date back to the 1960s, it is only with recent advances 

in the capabilities of computer technologies that such research has begun to make 

headway.  In the past decade, researchers have probed effects of NFT on a wide range 

of human activities.  This research can be further delineated into studies relating to both 

clinical and healthy populations, all of which are relevant to educational research. 

1.2.1. ‘Clinical’ Populations 

While Berger’s research focused on the qualitative aspects of EEG recordings, 

others, starting with Dietsch (1932), began explorations into quantifiable measurements 

of these recordings.  Quantitative EEG (QEEG), refers to these quantified 

measurements of brainwave activities, and has led to the development of a normative 

database of human EEG activity.  Researchers are presently using these databases to 

investigate potential neural manifestations of psychological diagnoses (see Cantor & 

Chabot, 2009 for a comprehensive review).  As an alternative to pharmaceutical 

medications, which have varying rates of treatment success as well as the potential for 

negative side effects on the nervous system (Rosenberg & Gershon, 2012), some 

researchers are exploring the therapeutic potential of NFT.  Many of the behavioural 

difficulties being studied are ones that have impacts on learning experiences, including 

ADHD (e.g. Lubar & Shouse, 1976; Moriyama et al., 2012); Autism Spectrum Disorder 

(ASD) (e.g. Coben & Padolsky, 2008; Jarusiewicz, 2002); Learning Disabilities (LDs) 

(e.g. Fernández et al., 2007; Orlando & Rivera, 2004); and mood disorders such as 

Anxiety and Depression (e.g. Kerson, Sherman, & Kozlowski, 2009).  These diagnoses 

are prevalent among learners, as demonstrated in a 2012 British Columbia Ministry of 

Education report which states that nearly 7% of all public school students (i.e., 

approximately 38 000 individuals) have a behavioural issue, a mental health disability, 

an LD, or ASD. Furthermore, this report indicates that the relative proportion of 

behavioural difficulties and mental health issues has remained steady since 2008, while 

LDs and ASD has been rising (British Columbia Ministry of Education, 2012).  

Considering the prevalence of these educationally relevant conditions, as well as the 
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risks and/or side effects associated with commonly used pharmaceutical interventions, it 

is of interest to consider alternative methods of therapy such as NFT (Aagaard & Holme 

Hansen, 2011). 

ADHD 

Sterman and his colleagues’ research revealed the positive effects of SMR 

training, and spawned discussion as to how it physiologically achieves suppression of 

sensorimotor activity (e.g. Sterman, 1977; Sterman, Goodman, & Kovalesky, 1978).  

Amidst the flurry of explorations into SMR training that followed (e.g. Boyd & Campbell, 

1998; Carmody, Radvanski, Wadhwani, Sabo, & Vergara, 2001; Foks, 2005; Wadhwani, 

Radvanski, & Carmody, 1998), Lubar and Shouse (1976) considered how the 

consistently positive results being observed might transfer to contexts where similar 

effects were desirable, and in particular for individuals with ADHD.  Their 

groundbreaking study revealed that students with ADHD who underwent SMR training 

left their seat less frequently and were more cooperative in class, and paved the way for 

an growing body of research into NFT and ADHD.  Rossiter and La Vaque (1995), for 

example, reported that neurofeedback yielded relief of ADHD symptoms for adolescents 

that was comparable to effects of medication. 

Of the few researchers who have explored applications of NFT in educational 

institutions, the majority have focused on its effects on symptoms of ADHD (Boyd & 

Campbell, 1998; Carmody et al., 2001; Foks, 2005; Wadhwani et al., 1998). This handful 

of studies are interesting to note, however as is the case with many studies that are 

conducted in uncontrolled settings, each has limitations that lead to questions about the 

reliability and/or validity of reported successes. 

In a recent review of the research in this area, Moriyama et al. (2012) conclude 

that while results suggest that neurofeedback remains “a valid option for treatment of 

ADHD,” due to methodological inconsistencies in the current research, “further evidence 

is required to guide its use” (p. 588). 
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Autism 

Autism is a neurodevelopmental disorder that impacts an individual’s social skills 

and their abilities to understand globalized concepts and relationships (Coben & 

Padolsky, 2008).  Recognizing that NFT has therapeutic benefits for symptoms of autism 

such as hyperactivity, attention problems, and anxiety, Jarusiewicz (2002) conducted 

one of the earliest studies to directly explore effects of NFT on autistic populations.  

While the improvements she reported in behaviours and symptoms associated with 

autism were replicated by Coben and Padolsky (2008), both studies failed to establish 

an effective control group for comparison.  Conclusions of review conducted by Coben, 

Linden, and Myers (2010) generalize this observation across studies in this field that had 

been conducted to date, and the authors recommend that the potential benefits reported 

by researchers be substantiated through a randomized double-blinded, placebo-

controlled study. 

Learning Disabilities 

Orlando and Rivera (2004) observed significant improvements in the reading 

skills of students with diagnosed learning disabilities following training protocols 

designed based on each student’s QEEG profile.  These authors suggest that 

neurofeedback may deserve a central role in school psychology programs, stating that 

”the capability of quantitative electroencephalogram (QEEG) and EEG biofeedback has 

the potential to transform school psychology into a whole different profession – from ‘test 

and place’ to ‘train and heal’” (p. 7).  Fernández et al. (2007) found that children with 

learning disabilities had significantly higher-than-normal theta activity, and hypothesized 

that training to reduce the ratio of theta-to-alpha activity would mitigate the symptoms of 

these disabilities.  Testing this hypothesis in a study of school-aged children with 

learning disabilities, these researchers found improvements in both cognition and 

attention in the experimental group. 

Mood Disorders 

Individuals with mood disorders such as anxiety and depression are a group that 

has not seen much attention from neurofeedback researchers to date.  Kerson et al. 

(2009) provided feedback to a group of adults with anxiety with the goal of suppressing 
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alpha and also improving alpha symmetry in the frontal lobes. Improvements in mood 

were reported by participants, however this only happened several months after the 

therapy, a surprising result given the immediate benefits reported in most other 

neurofeedback studies. 

1.2.2. ‘Healthy’ Populations 

‘Clinical’ populations are not the only groups for whom neurofeedback training 

can offer positive benefits.  Doppelmayr and Weber (2011) refer to ‘healthy’ individuals 

as “those without measurable cognitive deficits” (p. 166), and while some researchers 

are looking to neurofeedback as a tool for ‘normalization,’ others are exploring the 

performance-enhancing effects of NFT with these healthy populations in a range of 

human activities that are also germane to educational research. 

Creativity and Creative Performance 

Early research into the performance enhancement capabilities of NFT was 

conducted by Egner and Gruzelier (2002), who investigated its effects on musicians.  In 

this study, three groups of students of the Royal College of Music on London were 

trained with three types of feedback: the ratio of theta power over alpha power (noting 

that this is typically a relaxation protocol, and also referred to as alpha/theta training); 

SMR (noting its effects on semantic memory); and beta (noting its contribution to 

increased attention).  Expert judges who were blind to the training protocols consistently 

rated the performance of students who successfully trained in the alpha/theta protocol 

significantly higher after the training.  Raymond, Sajid, Parkinson, & Gruzelier (2005) 

reported similar performance rating improvements relative to a control group in dancers 

following alpha/theta feedback. 

While these studies specifically focus on NFT effects in ‘expert’ populations, 

Gruzelier, Foks, Steffert, Chen, & Ros (in press) recently reported musical performance 

improvements in 11-year-old children.  A group of children trained in an alpha/theta 

protocol demonstrated improved musical performance of rehearsed selections, while 

higher ratings for creative improvisation were observed in a second group following SMR 

training. 
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Citing attentional and performance enhancement benefits indicated in the 

literature, as well as student reports that the training experience was enjoyable, 

Gruzelier et al. (in press) suggest that there may be a place for a neurofeedback-based 

program in schools. 

Attention and Alertness 

Noting the positive effects of SMR training on symptoms of ADHD, Egner and 

Gruzelier (2001, 2004) tested this protocol, along with a frequency band they refer to as 

‘beta1’ (15-18 Hz), in populations of ‘healthy’ individuals who did not have reported or 

diagnosed attentional issues.  Due to methodological differences between the two 

studies, including the use of different types of feedback as well as the combining of 

training protocols in the 2001 study, results are somewhat unclear.  Consistent indicators 

of attentional improvements following SMR training, however, are reported in both 

studies. 

Cognitive Performance 

Having observed positive correlations in the literature between theta activity (4-7 

Hz) and working memory (e.g. Burgess and Gruzelier, 1997, Klimesch, 1997), as well as 

SMR activity (12-15 Hz) and attention (e.g. Fuchs, Birbaumer, Lutzenberger, Gruzelier, 

& Kaiser, 2003; Lubar & Lubar, 1984; Rossiter & LaVaque, 1995), Vernon et al. (2003) 

conducted a study to learn about the effects that training these frequency bands might 

have on these respective cognitive skills.  In their study, Vernon et al. (2003) found 

significant improvements in both attention and working memory in the SMR-trained 

group after eight training sessions.  Although there was an apparent lack of success for 

the theta-trained group, this was attributed to the use of a methodology that imposed 

potentially theta-inhibiting activities on participants (e.g. visual feedback requiring open 

eyes).  Of potential interest to math educators, Hanslmayr, Sauseng, Doppelmayr, 

Schabus, and Klimesch (2005) observed increased success in mental rotation tasks for 

individuals who were able to train power in the upper-alpha range (10-13 Hz), a finding 

that was replicated by Zoefel, Huster, and Herrmann (2010). 
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1.3. Learning Neurofeedback 

Several NFT researchers (e.g. Lubar, Swartwood, Swartwood, & Timmerman, 

1995; Vernon, 2003; Hanslmayr et al., 2005) have noticed that the ability to learn how to 

modulate one’s brain activity in a given frequency band is a necessary prerequisite to 

any effect that may emerge from training.  For instance, Vernon et al. (2003) reported 

that participants in the theta-trained group were unsuccessful theta ‘learners,’ and as 

such, no effects were observed for participants in this group.  Furthermore, Hanslmayr et 

al. (2005) observed a positive correlation between training success and performance in 

a mental rotation task. In their research sample, the participants who were unable to 

increase power in the trained frequency band demonstrated no improvement in the task.  

Gruzelier et al. (in press) point out that “it is critical for validation in neurofeedback 

research that learning has been shown to take place” (p. 4), and although researchers 

are increasingly refining their analyses by including indices of learning in their studies, it 

is not clear what factors influence an individual’s capacity as a NFT ‘learner.’  In a study 

investigating the effects of training several different frequency bands, Doppelmayr and 

Weber (2011) reported significant increases in SMR activity after six weeks of training, 

but no changes for theta, beta, or the theta/beta ratio.  This may indicate that some 

frequency bands are inherently more ‘trainable‘ than others.  However, more research is 

needed in this area to better understand optimal conditions for neurofeedback learning. 

1.3.1. Side effects 

In a recent review of the neurofeedback literature, Hammond (2011) reports on 

the potential adverse effects of NFT.  Side effects due to excessively long 

neurofeedback sessions have been reported, including fatigue, anxiousness, 

headaches, difficulty sleeping, and irritability (Matthews, 2008; Ochs, 2007).  

Furthermore, while training has been observed to have positive effects on symptoms of 

epilepsy and ADHD, these symptoms have also been reported to get worse after certain 

kinds of NFT (Lubar & Shouse, 1976, 1977).  It is therefore important for researchers 

and neurofeedback providers to be informed of the results of past neurofeedback 

studies, and to be observant and cautious when implementing untested protocols. 
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1.3.2. Instruments and Protocols used in Current Research 

There is great diversity among the types of instruments and protocols that are 

used in neurofeedback applications, beginning with the method in which feedback is 

presented.  The video game “Journey to the Wild Divine” (www.wilddivine.com) 

measures physiological responses such as respiration rate, heart rate, and skin 

temperature, and provides players with biofeedback in the form of animated graphics.  

The game is designed to encourage relaxed and meditative states, and in order to move 

on to subsequent levels players are required to meet targets by learning how to 

modulate these activities.  Other techniques have been developed to integrate the 

modulation of brain activity into games or gaming systems. The National Aeronautics 

and Space Administration organization (NASA), for example, has developed an interface 

that provides players with more refined gamepad-controller response as a way to 

reinforce desired brain activities, and are investigating the effects of this form of 

neurofeedback on ADHD (Greco & Greco, 2008). 

Neurofeedback research studies do not typically use gaming environments to 

test hypotheses, and in fact differ widely with regards to the ways by which researchers 

provide feedback to participants.  Feedback is typically presented visually, aurally, or 

both in combination; and even within these two modalities feedback can range from 

fluctuating bar and line graphs (Egner & Gruzelier, 2004; Vernon et al., 2003), to nature 

sounds (Gruzelier et al., in press; Raymond et al., 2005), to sustained tones (Becarra et 

al., 2006; Fernández et al., 2007), to changing colours (Hanslmayr et al., 2005; Zoefel et 

al., 2010) to triggering the playing of a movie (which stops when thresholds are not met; 

Kouijzer, de Moor, Gerrits, Congedo, & van Schie, 2009).  Feedback may be conducted 

with eyes open or eyes closed, which, due to the ‘alpha-blocking’ effects of visual 

processing, can particularly affect alpha activity (Başar, Başar-Eroğlu, Karakaş & 

Schürmann, 1999).  Much research in this field has been conducted using a single 

electrode to collect data for feedback, with only a handful of recent studies using several 

electrodes either independently (Hanslmayr et al., 2005) or averaged (Zoefel et al., 

2010) to provide more refined feedback.  Feedback thresholds may or may not be 

employed in addition to other types of feedback provided, and when used these can vary 

in terms of whether they are static or dynamic; manually or automatically adjusted to 

maintain a desired success rate; or presenting a sound, display, or a tallying points 

http://www.wilddivine.com/
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score.  Some researchers only provide limited details about how feedback was 

presented, severely limiting opportunities for others to demonstrate reliability of findings 

by replication (Orlando & Rivera, 2004; Becarra et al., 2006; Karimi, Haghshenas & 

Rostami, 2011) 

Considerable variability is not only seen in the different ways that hardware and 

software are configured in these studies, rather, researchers may also use widely 

different protocols, with participants taking part in as few as two (Hanslmayr et al., 2005) 

to as many as 50 (Karimi, 2011) NFT sessions.  Sessions themselves can range in 

duration from 15 minutes to 60 minutes (Levesque et al., 2006), and frequency of 

sessions from once per week up to 5 days per week.  While most researchers have 

participants focused entirely on their brainwave goals, a minority of researchers, 

potentially confounding pre- and post- test findings, have participants take part in 

additional tasks such as practicing reading strategies while receiving feedback 

(Monastra et al., 2006). 

This variability among neurofeedback tools and the ways that feedback is 

implemented permeates this field of research.  This suggests that a better understanding 

of these tools and methods represents a foundational research direction to be followed. 

1.4. Purpose of this work 

NFT is of interest to educators due to its potential for use as a tool that can help 

optimize learning experiences by supporting both the mitigation of students’ clinical 

symptoms, as well as the enhancement of students’ performance in a variety of tasks.  

Although numerous educationally relevant benefits of NFT have been reported in the 

literature, extensive further research is needed in order to understand and reveal the full 

benefits of this technique, as well as to steer clear of any potential harm.  The purpose of 

this work is to demonstrate the opportunities that neurofeedback presents as a tool for 

educational research, and to build and introduce neurofeedback functionality into the 

ENGRAMMETRON laboratory at Simon Fraser University (SFU), which is an ideal 

context due to its design and purpose as a facility for educational neuroscience 
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research.  The foundation provided by this software will allow future researchers to learn 

more about how neurofeedback may be used to optimize learning experiences. 
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2. Methods 

The BioSemi ActiView software program is a software interface that collects, 

displays, and records EEG signals.  It has been developed using the LabVIEW 

programming language as a companion to the BioSemi ActiveTwo Analog to Digital 

Converter (ADC) EEG hardware.  Working together as a unified system, these 

components have been designed to receive bio-electric signals from a variety of 

sensors, including heart rate, respiration, galvanic skin response (GSR), temperature, 

electrooculogram (EOG), electromyogram (EMG), and EEG.  Raw signals are processed 

by the software for display and also for collection in a saved file using the BioSemi Data 

Format (BDF).  Several options for displaying real-time data are built in to the ActiView 

program, including monopolar reference, bipolar reference, electrode offset, event 

related average, auxiliary sensors, eyetracking, and analog input (see Appendix for the 

ActiView source code).  Aside from a handful of proprietary driver components that are 

specifically related to the collection and insertion of data coming from the ADC into the 

program’s subroutines, ActiView is entirely open-source and can be used as a starting 

point to develop additional functionality for processing and displaying the signals 

acquired through the ActiveTwo. 
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Figure 1: ActiView Front Panel Display – Monopolar Reference 

 
Image created by BioSemi and used with permission. 

Given the interesting potential for introducing neurofeedback into the field of 

educational research, it is fortuitous that such a flexible tool for EEG signal processing is 

available in a lab that has been designed for the purpose of conducting educational 

neuroscience research (i.e. SFU’s ENGRAMMETRON).  With consideration to the ways 

that neurofeedback research is currently conducted, and also to the features of tools that 

are currently being used in this research, I set out to build neurofeedback functionality 

into the ActiView program.  This aspect of my research involved learning about the 

LabVIEW programming environment within which the ActiView software has been 

implemented; developing a general understanding about how the BioSemi hardware and 

software work together to perform their operations; developing a more detailed 

understanding about how the ActiView program is structured; determining how to 

appropriately intercept, process, and display data within ActiView; and considering how 
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to build versatility into a neurofeedback program and user interface so that it would be 

useful for a wide range of research into neurofeedback and education. 

Before delving into the programming details, it is important to first consider the 

initial stage of data acquisition: the ActiveTwo hardware. 

2.1. BioSemi hardware: the ActiveTwo EEG system 

Figure 2: BioSemi Hardware 

 
Clockwise from upper-left: A. BioSemi active electrodes; B. 'wired-up' electrode cap; C. 
ActiveTwo analog-to-digital converter; D. USB receiver.  Images created by BioSemi and used 
with permission. 

The ActiveTwo system offers several user configuration options for tailoring how 

data is collected in a given application.  Several of these settings were important to 

consider with regards to ensuring the validity of processed data when developing and 

integrating neurofeedback functionality into ActiView.  In addition to the other bio-electric 

signals described earlier, the ActiveTwo can simultaneously collect EEG data from as 

few as 1 and as many as 256 electrodes.  Analog electrical signals are received from 
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each electrode and then independently and simultaneously converted into 24-bit digital 

information using ADCs, eliminating many of the limitations of previous, ‘shared’ ADC 

systems (Honsbeek, Kuiper, & Metting van Rijn, 2002).  The rate at which these data are 

sampled, as well as the number of channels that can be sampled from, is defined by the 

user with the ‘Speedmode’ setting, as described below. 

Brain wave activity typically presents in a range of 1-50 Hz, and it is important 

that the neurofeedback system is configured to adequately detect all frequencies in this 

range.  To this end, the Nyquist-Shannon sampling theorem dictates that sampling must 

occur at a rate of at least twice the highest recorded frequency.  In this application, with 

frequencies as high as 50 Hz being recorded, the sampling rate must therefore occur at 

a minimum of 100 Hz to ensure data integrity following further processing.  For this 

application, the ActiveTwo’s Speedmode setting ‘4’ was determined to be the most 

appropriate.  This setting offers a sampling rate of 2 kHz (i.e. 2048 samples per second), 

which, being well above the minimum 100 Hz requirement, ensures that brainwave 

frequencies at the higher end of the spectrum can be processed accurately.  After the 

conversion of signal data from analog to digital format in the ADC, channel data are 

delivered to a computer’s Universal Serial Bus (USB) port via a fiber optic cable, 

minimizing transfer time as well as interference from outside electromagnetic sources, 

where they are received by the ActiView application.  Within ActiView, the user has 

further options for processing and displaying the data (as described earlier). 

2.2. BioSemi software: from LabVIEW to ActiView 

2.2.1. LabVIEW and Graphical Programming 

In addition to features of the hardware solutions developed by BioSemi, the 

LabVIEW programming environment in which ActiView was constructed offers a number 

of programming structures that were useful to learn about and utilize towards the goals 

of this project.  In contrast to more traditional line-by-line programming environments, 

LabVIEW employs a ‘dataflow’ interface based on the ‘G’ graphical programming 

language. 
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Features of LabVIEW: block diagrams and front panels 

Data within a LabVIEW program (for example, the signal data entering the 

program from the EEG) travels through virtual ‘wires’ that connect between typical 

programming functions such as mathematical operators and array manipulation tools.  

This programming environment is referred to as a ‘block diagram.’  A simple example of 

a block diagram can be seen in Figure 3.  Block diagrams map out the flow of data using 

a variety of mathematical, logical, and programming operations, controlling events and 

their sequence within a program. 

Every block diagram in LabVIEW has a corresponding ‘front panel.’  A program’s 

front panel is its user interface, and provides users with both a display of data as well as, 

when desired, the ability to control aspects of the program as it is running.  The front 

panel to Figure 3’s block diagram shows the inputs (‘controls’) and outputs (‘indicators’).  

Note in this example the user-controlled input values in the front panel and their 

relationship, via the block diagram’s algorithm, to the displayed output values. 

Figure 3: Example block diagram performing addition and subtraction of two 
user-controlled variable, and its corresponding front panel (adapted 
from National Instruments, 2012) 

  

Features of LabVIEW: the case structure 

A variation of an ‘if/then’ statement, LabVIEW’s ‘case structure’ function deserves 

mention due to its broad used throughout both ActiView’s original source code as well as 

the code created for this project.  A case structure allows developers to define multiple 
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different ways by which a program can interact with and output data depending on 

certain conditions.  As with an ‘if/then’ statement, a given subroutine within a case 

structure is selected and executed when a particular condition is satisfied. 

Once initiated using a virtual button on its front panel, ActiView continues running 

by cycling through a large case structure that contains six cases.  Certain conditions shift 

the program into different cases; for example, during typical operation in ‘Orange State 

4’ of the program, a trigger to ‘save’ will shift the program back to case 2 to initiate a 

save cycle.  Figures 4 and 5 depict an example program that uses a case structure.  The 

block diagrams in these figures demonstrate the case structure programming 

responsible for different outputs depending on the user’s selection in the front panel. 

Figure 4: Case structure example pt. 1 (user selects "X squared" operation) 

 

Figure 5: Case structure example pt. 2 (user selects "Inverse of X squared" option) 

 

Features of LabVIEW: auto-indexing 

Programmed ‘for-loops’ typically require a pre-set ‘count’ value (n), which defines 

the number of times data is cycled through the loop’s subroutine. LabVIEW offers the 
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option of an ‘auto-indexing tunnel’ that receives and processes each element of an array 

separately while automatically setting the loop’s counter to the number of elements in 

the array.  Auto-indexing can also be used to recombine each processed element into an 

output array that has equivalent dimensions to the input array.  Auto-indexed for-loops 

are widely used in both the original and modified ActiView programs to process arrays of 

sampled channel data from the ActiveTwo (see Appendix for full source code and 

modified code). 

Features of LabVIEW: virtual instruments 

In addition to these fundamental programming structures, it is important to note 

that the term Virtual Instrument (VI) is another way of referring to a LabVIEW program.  

LabVIEW VIs can, and often are, embedded within block diagrams as subroutines.  In 

these situations, the VIs are referred to as ‘sub-VIs,’ and can in turn contain their own 

sub-VIs.  A program unto itself, each VI is comprised of its own block diagram and front 

panel.  Generally, however, sub-VIs are only used as a means to an end, and their front 

panels are not used in the operation of the overall program.  For this reason, most 

figures in this document depicting LabVIEW code will only display the relevant block 

diagram.  The segment of code from ActiView seen in Figure 6 includes several sub-VIs 

(outlined in red).  See the Appendix for a complete overview of the original and modified 

code. 
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Figure 6:  Programs within programs - detail of ActiView VI with SubVIs 
highlighted in red 

 

2.2.2. ActiView modification: the ring buffer 

Figure 7:  "Before" - detail of ring buffer initialization in 'Orange State 4' of 
ActiView original source code (see Appendix for complete overview of 
original and modified code) 
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Figure 8:  "After" - detail of modified ring buffer initialization in 'Orange State 4' 
of modified code (see Appendix for complete overview of original and 
modified code) 

 

Within ActiView, a call function initiates the writing of available data from the USB 

input into a temporary storage ‘buffer.’  The buffer is essentially a long array to which 

data is written.  Once the end of the array has been reached, the program cycles back to 

the start of the array and begins overwriting old data with new data.  Because of the 

cyclic nature of the process, this array structure is referred to as a “ring buffer.”  The 

original ActiView source code allows the ring buffer, somewhat arbitrarily, to be defined 

in megabytes (MB) as a power of 2 (see Figure 7), and its default size of 32 MB gives it 

the capacity to store up to 8388608 32-bit (4-byte) data points being received from the 

USB port.  At a sample rate of 2048 samples per second for each of the 282 available 

channels in Speedmode 4, this translates to approximately 14.5 seconds of data.  For 

the following reasons, this default setting turned out not to be appropriate for application 

to this project. 

One second of data at Speedmode 4, with 282 channels of data each being 

sampled simultaneously at 2048 samples per second, fills 577536 4-byte words (i.e. 

2310144 bytes). In order to ensure that the most recent 1 second’s worth of available 

data is used for neurofeedback processing, I implemented a new function to first look for 

the most recent integral multiple of 282 channels of data from the buffer (see section 

2.2.3 for a detailed description of this function).  The ring buffer size therefore needs to 

also be an integral multiple of 282 4-byte words (i.e. 1128 bytes) in order to avoid errors 
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when the data being written to the buffer wraps from its end back to its beginning.  At 

36962304 bytes (i.e. 9240576 4-byte words) the constant buffer size defined in the 

revised program will hold exactly 16 seconds of data, and meets the above criteria while 

remaining close to the default buffer size of 33554432 bytes.  Figure 8 demonstrates the 

change in this aspect of the code, which required cutting the wire between the user-

defined buffer size to the rest of the program, and replacing it with a connection to the 

constant ring buffer capacity value.  Note the impact on the front panel, where the 

change to a constant buffer size deactivated the dropdown menu that previously allowed 

user definition of the buffer size. 

When the program is started using the virtual ‘Start’ button on the front panel, the 

ring buffer is initialized by the READ_MULTIPLE_SWEEPS command, and the 

USB_WRITE function begins writing data from the USB input to the buffer.  In the 

original ActiView source code, this data is then further organized and processed for 

display and saving.  For the purposes of this neurofeedback application, data has been 

intercepted from the ring buffer to facilitate specialized extraction and preparation, as will 

be discussed in the next section. 

2.2.3. ActiView modification: preparing data for neurofeedback 
processing 

Figure 9:  "Before" - detail of Orange State 4 in original source code where ring 
buffer data will be intercepted to prepare for neurofeedback 
processing 
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Figure 10:  "After" - detail of Orange State 4 in modified code where data is 
intercepted to prepare for neurofeedback processing 

 

The following section documents the newly integrated neurofeedback 

programming by following the path this data takes forward from this point.  Intercepted 

data first enters the Act_Ring_FFT VI in the modified program.  Act_Ring_FFT is an 

adaptation of the source code’s Act_Ring VI.  The purpose of both of these subroutines 

is to select a block of data from the ring buffer for further processing.  The Act_Ring VI 

from the original ActiView application selects a variable blocksize of data from the last 

known extraction point, ensuring that display scrolling is optimized and that all collected 

data is displayed and saved to file (see Figure 11).  For neurofeedback purposes, it is 

only important that the trainee is presented with the newest available data, and so 

sampling in the new Act_Ring_FFT VI in the modified code instead selects the most 

recent complete set of 1 second (2310144 bytes) of samples (see Figure 12). 
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Figure 11:  Original source code VI “Act_Ring,” which selects block of ring 
buffer data for display 
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Figure 12:  Modified code VI “Act_Ring_FFT,” which selects block of ring buffer 
data for neurofeedback processing 

 

To capture the most recent 1 second of sampled data, the Act_Ring_FFT VI uses 

the existing “Buffer Pointer” variable, which points to the location in the buffer where the 

last byte was written.  For consistency when interacting with other variables in the 

program, this value is divided by 4 as a way of identifying the position of the 4-byte 

sample word in the buffer.  The identified sample resides in an unknown position 

somewhere within a set of 282 channel samples.  To find end of the nearest complete 

sample set, we divide 282 into the value of this sample’s position, then subtract the 

remainder from the original position value.  This value is now considered to be the “FFT 

Index,” and is used to define one of the boundaries of the block of samples to be 

processed for neurofeedback. 

At this point, a test is performed to determine whether or not the most recent full 

second of data wraps from the end to the beginning of the ring buffer.  If the position of 

the FFT pointer is further from the beginning of the buffer than the blocksize (defined as 
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a constant 1 second’s worth of samples, or 577536 4-byte words), the ‘true’ case is 

selected in the adjacent case structure.  The algorithm in this case is simpler of the two 

possible scenarios, and selects and outputs a one-dimensional array of data points from 

the ring buffer data as defined by an starting point of [FFT_pointer - FFT_Blocksize] and 

of a length equal to the 1 second blocksize.  If the test proves false, and the desired data 

block wraps back to the end of the ring buffer, the two disconnected segments of the 

block needs to be extracted from their respective locations and reconstructed into a 

unified whole, as follows. 

Figure 13: Act_Ring_FFT conceptualization - "True" case (no data wrapping) 
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Figure 14:  Act_Ring_FFT conceptualization - "False" case (data wrapping) 

 

In this scenario, the first segment of the desired data block would have been 

written at the end of the buffer before the program wrapped back to the beginning.  The 

length of this segment is defined as the difference between the FFT Blocksize and the 

length of the segment at the beginning of the buffer, which in turn is defined by the FFT 

Pointer value (i.e. First Segment Size = FFT Blocksize - (FFT Pointer - 0)).  This 

segment is identified and selected using its starting point (i.e. the buffer position defined 

by Buffer size - First Segment size) and length (First Segment size, as defined above).  

This segment is then placed at the beginning of a new array that has a length equal to 

the FFT blocksize. 

The latter segment resides at the beginning of the buffer.  It is identified and 

selected using its starting point (the beginning of the buffer, i.e. element 0) and its length 

(Second Segment size = FFT Pointer - 0).  This segment is grafted on to the end of the 
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new array, with its first element placed immediately following the final element of the first 

segment. 

The resulting 1-dimensional array contains the most recent 1 second of data 

containing complete channel sets, and is output from the Act_Ring_FFT VI.  This data 

enters the Convert_4-8_FFT VI, which is a clone of an existing VI and converts the 1-

dimensional array containing consecutive sets of channel samples into a 2-dimensional 

array in which channels have been sorted into columns and samples into respective 

rows.  Once in this format, data is sent to the Neurofeedback ‘zone.’ 

2.2.4. ActiView modification: neurofeedback processing 

The new neurofeedback processing and presentation functionality was initially 

developed using existing Electrode Offset code as a template, and the shared origins of 

these two functions can be seen in the similarities between their respective output 

displays (see Figure 15). 

Figure 15:  Side-by-side comparison of Electrode Offset display and 
Neurofeedback display 

 

The term Electrode Offset refers to a constant Direct Current (DC) signal that 

contributes to the overall measurement detected by an electrode.  In ActiView, sets of 

samples are used to calculate and display the offset for each EEG channel (i.e. each 

electrode) individually by averaging all samples for a given channel across a sampled 



 

30 

block of data.  The electrode offset for each channel is reflected in its deviation from a 0 

milliVolt (mV) baseline and displayed in the electrode offset tab (see ‘Electrode Offset 

display’ in Figure 15).  Some electric offset is to be expected (e.g. due to half-cells 

created at gel-electrode interfaces), however a large electric offset may be an indicator 

of poor electrode contact, and so this check is done in part to provide a check of 

electrode contact quality for users. 

The ways by which individual channels were attended to in the framework for 

graphically displaying the offsets, as well as the use of indexed ‘for-loops’ to process 

sets of channel data, were used as a foundation when developing the new functionality.  

See Figure 16 for a comparison of the new ‘Neurofeedback Zone’ programs alongside 

the original ‘Electrode Offset Zone’ code that provided their foundation. 

Because of the open-source nature of ActiView, the functionality developed here 

is both a finished product unto itself, as well as a foundation for further refinement and 

development.  Code for the two ways that neurofeedback functionality is virtually 

identical until this ‘Neurofeedback Zone.’  The two ways that neurofeedback capabilities 

have been developed from this point include a ‘per- Discrete Channel’ program, where a 

frequency band’s power is calculated and displayed for each individual channel of EEG 

data, and a ‘per- Brain Region’ program, where a frequency band’s average power 

across channels corresponding to a specified brain region is computed and displayed.  

Both of these variations are described independently in the next section. 
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Figure 16:  Origins of the 'Neurofeedback Zone' – a comparison with 'Electrode 
Offset Zone' in original source code 
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2.2.5. Neurofeedback Processing: Feedback per- Discrete Channel 
Program 

The “Neurofeedback-Opt” VI is the fundamental component of the neurofeedback 

functionality that has been added in the modified code.  Using code from the Electrode 

Offset VI, it first selects the desired subset of EEG channels from the two-Dimensional 

input array of channel data, as defined by user selections in the front panel.  Note again 

that in its current incarnation, the algorithm that selects data samples for input into the 

neurofeedback utility (i.e. Act_Ring_FFT) has been developed specifically for the 

Speedmode 4 AciveTwo setting.  Due to the fact that Speedmode 4 represents the 

lowest sampling rate, and that this is already well above the Nyquist requirement, it is not 

anticipated that the use of another Speedmode setting would be desirable for the 

purpose of Neurofeedback.  If for some unforeseeable reason a requirement to use a 

different Speedmode setting emerges, it will be important to recognize this limitation and 

to adapt code as necessary.  The code that has been constructed assuming a 

Speedmode 4 setting is outlined in red in Figure 17. 
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Figure 17:  Speedmode 4 limitation in Act_Ring_FFT VI 
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Feedback per- Discrete Channel Program User Interface 

There are a number of user options in the front panel of this neurofeedback when 

selecting a frequency band for feedback, as can be seen in Figure 18.  Many NFT 

research studies explore the interactions between more than one frequency band in a 

training protocol (e.g. Doppelmayr & Weber, 2011; Gruzelier et al., in press ; Raymond 

et al., 2005).  For example, instead of uptraining Beta or downtraining Theta, a user may 

try to uptrain the ratio of beta to theta.  In this case, it is the interaction between beta and 

theta that is being trained, and participants are successful when there is an increase in 

beta relative to theta.  In this application, users are expected to define both a numerator 

and a denominator value, allowing such interactions to be explored.  Figure 18 displays 

the user controls for neurofeedback in the ‘per- Discrete Channel’ program.  In the 

scenario depicted here, the user will be receiving feedback based on the ratio of alpha 

power in each channel to ‘1’, which is equivalent to isolated alpha feedback. 

As demonstrated in Figure 18, this new tool can be used for direct training in a 

single frequency band by simply setting the denominator to ‘1’.  Similarly, the inverse of 

a frequency can be trained by setting the numerator to ‘1’ and then selecting the desired 

frequency band for the denominator.  The details of how this ratio is computed will be 

explained later in this section.  In situations where the ‘standard’ frequency bands do not 

meet the requirements of a particular study, the user also has the option to select a 

custom frequency band by setting its upper and lower values in the appropriate boxes. 
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Figure 18:  Detail of user controls for neurofeedback in the 'per- Discrete 
Channel' program 

 
Here, the user has selected to train alpha activity 

Feedback per- Discrete Channel Program Code 

In the Neurofeedback-Opt VI, the numerator and denominator are processed 

separately but simultaneously.  Additionally, by maintaining the “Electrode Offset” 

display layout, electrode data corresponding to activity in each brain hemisphere (i.e. ‘A’ 

electrodes->left hemisphere; ‘B’ electrodes->right hemisphere) are plotted separately in 

this program. 
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For each of the ‘numerator’ and ‘denominator’ frequency bands, data enters 

independent ‘while’ loops.  These processes take place within the Neurofeedback-Opt 

VI, and are identified in Figure 19. 

Figure 19:  Processes in the Neurofeedback-Opt VI 

 

One-by-one in each pass of the ‘while’ loop, separate one-dimensional arrays of 

sample values for each channel are parsed from the two-dimensional input array.  This 

is accomplished with the use of LabVIEW’s ‘auto-indexing’ function at the threshold of 

the while loop, which also controls the number of loop cycles (defined as the number of 

elements in the input array).  Sample values are then converted into units of microVolts 

(uV) by applying a scalar of 1/8192 (Metting van Rijn, 2010). 
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Figure 20:  Detail of spectral processing for 'A' channel (1-32) numerator in 
Neurofeedback-Opt VI 

 

There exists an electric potential difference at the interface of each electrode and 

the conductive gel, as well as at the interface of the skin and the conductive gel.  This is 

measured as a DC offset in the EEG readings, and causes a shift of the ‘zero’ line 

across which the neural waveform oscillates. As the EEG measures voltage at electrode 

locations on the scalp relative to a reference, it is expected that brainwave signals will 
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oscillate around a mean zero voltage.  Deviation from a zero mean amplitude is referred 

to as a DC Offset, and is caused by the potential difference at the electrode interfaces.  

This offset from the source signal can be subtracted from each sample’s value. 

Data then enters a case structure, which is controlled by the selected frequency 

band setting.  If a frequency band is selected, the incoming channel’s data is processed 

as described below; if the ‘unity’ value is selected, no processing is needed and all 

elements of the output array are populated with 1‘s. 

When a frequency band is selected, a Hanning window function is first applied to 

the incoming signal.  This function has the effect of ‘tapering’ the extremities of the 

signal, ensuring that there are no ‘instantaneous’ frequency values processed by the 

FFT in the subsequent VI.  Data then enters the Auto Power Spectrum VI for 

computation of the 1-sided (Real) Fast Fourier Transform, which translates the data from 

the time domain to the frequency domain.  The ‘bin’ increments of the output array are a 

function of the sampling frequency and the number of samples being processed.  One 

second of data (i.e. 2048 samples at a sampling rate of 2048 samples/second) was 

deliberately selected as this value met the Nyquist criterion for FFT processing referred 

to in the above section, and also because it ensures that the array output would be 

neatly organized into 1 Hz bins. 

When a pre-set frequency band is selected in the program’s front end, a 

corresponding case structure defines which bins‘ data will be output and displayed.  The 

frequency values from this group of bins are then summed and averaged.  A single value 

for each channel is then collected in the ‘while’ loop’s auto-indexed output to generate a 

1-Dimensional array containing the power values for each channel in the selected 

frequency band. 

The output arrays of the denominator and numerator loops are by definition the 

same length as the input array.  This is due to the fact that the ‘while’ loops operating on 

each using the same input data and conditions. 

Here, the ‘denominator’ array is divided into the ‘numerator’ array, which has the 

effect of calculating the dividend of corresponding array elements.  This operation 

outputs an array of equivalent length (i.e. length = number of channels), whose elements 
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reflect the desired ratio of frequency band power for each channel.  If the denominator is 

set to ‘1’, each element of the ‘numerator’ array is simply divided by 1, and the output 

represents the selected numerator frequency band in units of Volts squared (V2).  If the 

numerator is set to ‘1’, the inverse of the selected denominator frequency band is 

presented in units of V-2. 

2.2.6. Neurofeedback Processing: Feedback per- Brain Region 
Program 

Following the successful completion of the discrete-channel neurofeedback 

application, and noting that sensory, motor, and cognitive functions have been 

demonstrated to correspond to localized activity in the brain, development began to tune 

the program in order to provide feedback to specific brain regions. 

Feedback per- Brain Region Program User Interface 

Data in this alternate neurofeedback application are processed in a more refined 

way in order to allow this feedback per- brain region functionality.  As can be seen in 

Figure 21, a user of this program is presented with a series of selection options for 

defining the brain region.  Options to select the right hemisphere, left hemisphere, or 

both hemispheres, are first presented.  In this menu, users also have the option to 

choose the ‘None’ selection; instead of selecting electrode data, this outputs an array of 

1s.  The remaining menus allow users to select a brain region and the desired frequency 

range, respectively.  As with the ‘per Discrete Channel’ application, if a suitable 

frequency band is not available in the dropdown menu’s standard set, users can define 

their own using the custom setting option.  This configuration not only allows studying 

the training of frequency band ratios, it also opens the door to exploring the effects of 

training interactions across and between brain hemispheres and regions. 
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Figure 21:  Detail of user controls in feedback per- brain region program 

 
Here, the user has selected to train the alpha-to-theta ratio across the average of activity in all 64 
electrodes. 
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Feedback per- Brain Region Program Code 

Figure 22:  Neurofeedback - OneBar VI 

 

As can be seen in Figure 22, nested case structures in the Neurofeedback-

OneBar VI use selections for hemisphere, region, and frequency band to define and 
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select sample data from the appropriate, corresponding channels.  These data are 

assembled into a two-dimensional array and directed to a second VI.  For both the 

‘numerator’ and the ‘denominator’ of the user-defined ratio, a standard set of code that 

receives the two-dimensional array of sample data for the selected subset of channels; 

corrects for DC offset; performs the FFT; selects and averages frequency bins based on 

the user-selected band for each channel; and outputs the array of per-channel power 

values (processes which are described in greater detail in the above section), has been 

collected into a single VI (i.e. NFT-MM; see Figure 23).  Output values from the 

respective NFT-MM VIs for both the ‘numerator’ and ‘denominator’ are averaged over 

the total number of channels, and the numerator-to-denominator ratio is then calculated.  

This calculation yields a measurement for the ratio of power in selected frequency bands 

at the desired brain region, which is then sent to the display.  In this version of the 

application, the output value is displayed as a single fluctuating bar. 

Figure 23:  Channel-by-channel processing in FFT-MM VI 

 



 

43 

3. Discussion 

3.1. Benefits of the Software 

3.1.1. Paired with BioSemi’s sophisticated EEG hardware 

By using the ActiView software and the BioSemi EEG system as its foundation, 

this neurofeedback application harnesses the precision and versatility of one of the most 

sophisticated electroencephalography solutions currently available.  BioSemi’s 

innovative ‘active’ electrodes amplify the observed signal at its source instead of at the 

end of a long wire, minimizing electrode impedance and signal noise to the greatest 

extent possible.  In this system’s ADC, analog signals are converted to high resolution 

24-bit digital samples, allowing precision in sample recordings to the nearest 31 

nanoVolts (nV).  The ADC converter’s low-power semiconductor combines the benefits 

of this relatively high number of bits per sample, with the wide range of possible 

sampling rates (up to 16 kHz per channel), while retaining the advantages of battery-

based DC power over the compromised Alternating Current (AC) alternative. 

3.1.2. High resolution 

While most neurofeedback research tools collect and relay information from a 

single electrode, the software developed here is designed for a 64-channel EEG system 

that is expandable for use with up to 256 electrode channels and 7 additional sensor 

channels, allowing for increased resolution and flexibility.  Researchers tapping into the 

high resolution of the system will be able to use this flexibility to investigate ways to 

optimize neurofeedback protocols.  For example, researchers can use the tool to explore 

the effects of not only site-specific feedback, but also feedback targeting brain regions 

as well as global activity. 
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3.1.3. Inversion and ratio settings 

Many neurofeedback researchers are exploring as a fertile area of research the 

interactive effects between different frequency bands of activity in the brain.  Moving 

beyond a simple focus on effects of single-band feedback, researchers have consistently 

reported improvements in music and dance performance following feedback of the ratio 

of theta power over alpha power (Egner & Gruzelier, 2002; Gruzelier et al., in press; 

Raymond et al., 2005).  In the modified forms presented here, this software provides a 

user interface that allows researchers to choose to display in real-time either the direct 

representation of a frequency band’s power, an inverted representation of the band’s 

power, or the ratio of power in any two frequency bands. 

3.1.4. Programming flexibility 

This software has been designed for maximal flexibility to provide a framework 

for further development.  The FFT processing that is performed on each individual 

electrode channel provides a high-resolution output and can be used for customization 

depending on research goals.  An alternate version of the program, described in the 

previous chapter, demonstrates one way that the program can be refined, in this case 

presenting region-specific as well as global neurofeedback. 

3.2. Limitations of Software 

Because this neurofeedback program has been built both with and for use with 

BioSemi hardware and software, its use is limited to researchers using this platform.  

While there are benefits, as described above, to using the BioSemi system based on its 

unique and state-of-the-art hardware, this dependency does restrict the opportunities for 

researchers using other systems to adopt the developed software. 

While the software’s flexibility is one of its advantages, this also means that it has 

not yet been refined for a particular task.  The inclusion of training thresholds, as well as 

the further processing of FFT data for output in more refined visual or auditory formats, 

are some additions whose consideration and implementation will depend on the specific 

research goals and protocols of a given study. 
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3.2.1. Room for further software development 

As will be discussed, there is great potential for this tool to be used for 

educationally-relevant neurofeedback research.  In order to work towards these kinds of 

research goals, future researchers may wish to further adapt and refine the 

neurofeedback functionality that has been developed here. 

One such development may be the incorporation of feedback thresholds.  

Feedback tools used in some studies present trainees with a brief visual or auditory 

‘reward’ following the achievement of some criterion (e.g. maintaining alpha power 

above a threshold value for several seconds).  As a technique intended to further 

contribute to participants’ motivation, the number of times participants are successful at 

achieving the prescribed goal can also accumulate as a ‘points’ score, as was done in 

Doppelmayr and Weber’s (2011) study.  Moving beyond the ‘static’ thresholds common 

in early neurofeedback studies, some researchers have recently implemented dynamic 

thresholds that respond to a trainee’s relative success with attaining targets of brain 

activity.  A feedback loop embedded in threshold-setting code could allow for the 

implementation of these kind of dynamically changing targets as a way of maintaining 

relatively consistent rates of success towards the goal of steady and consistent 

neurofeedback learning. 

Even once thresholds have been set, there are many different ways that 

feedback can be presented to a trainee.  Data emerging from the ‘neurofeedback zone’ 

in the programs presented here can be used to trigger any type of available output, 

including but certainly not limited to a change in visual characteristics such as 

dimension, colour, shape, opacity; or an change in aural characteristics such as pitch, 

volume, or timbre.  While aural and visual modalities are most commonly used in current 

neurofeedback research, it may also prove to be effective to involve other senses in the 

training process.  This refinement may require the use of external software, which could 

potentially receive output from ActiView via a Transmission Control Protocol/Internet 

Protocol (TCP/IP). 

While the high sampling rates in EEG systems offer cost-effective opportunities 

for real-time feedback that are not possible with other brain imagining methods, EEG 

recording is lacking in its representation of the spatial origins of recorded brain activity.  
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As described earlier, the neurofeedback software described here receives signals from 

electrodes on the surface of a trainee’s scalp, and provides feedback based on this 

‘channel-space’ data.  It may be beneficial, however, to provide feedback with greater 

spatial resolution that reflects actual ‘source-space’ activity.  While theorists have 

established that there is no unique solution when attempting to derive the precise spatial 

origin of electrical activity recorded on the scalp, (e.g. Pasqual-Marqui, 2002), 

researchers have been refining algorithms to minimize error when approximating these 

original locations.  The implementation into this application of a source-space algorithm, 

such as one of the ‘exact, zero error’ imaging methods developed by the LORETA 

project, along with the high-resolution EEG signals available in the BioSemi system, 

would allow future researchers a new context through which to explore the effects of 

neurofeedback. 

3.3. Future Research Potential for this Software 

Although the foundations of EEG research and its applications were laid nearly a 

century ago, much remains to be learned about the intricacies of EEG neurofeedback 

and its potential benefits for learners. 

3.3.1. Optimizing neurofeedback protocols 

Neurofeedback researchers are currently employing a diverse range of feedback 

solutions.  This lack of consistency is likely owing to the fact that there has been little 

research done to investigate the relative efficacies of various components of NFT 

protocols towards a trainee’s development of control over his or her brain activity.  In 

preparation for studies exploring effects of NFT on aspects of learners’ activities such as 

creativity, cognitive skills, or attention, it would be prudent for researchers to first learn 

more about how to optimize the techniques and protocols being used.  Towards this end, 

the neurofeedback software described here provides a foundation upon which future 

researchers can develop and test a variety of feedback characteristics, whether aural, 

visual, or perhaps some other modality, in terms of how each characteristic impacts the 

outcomes of training.  Questions to be further investigated may include the following: 
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• Are there kinds of feedback that, in general, improve the results of training? 

• Do individuals respond differently (e.g. better or worse) to different kinds of 
feedback? 

• How do the frequency of sessions, duration of sessions, and total number of 
sessions affect the outcomes of feedback? 

3.3.2. Learning neurofeedback 

One fundamentally educational question that emerges from the research 

literature asks what makes people good neurofeedback ‘learners.’  Many authors have 

made the interesting observation that some participants seem to have a markedly 

greater aptitude for learning how to change their brain activity than others.  It would be 

worthwhile to investigate whether or not these individuals possess inherent 

characteristics that set them apart.  If so, this information may be used to assist former 

‘non-learners’ to become better neurofeedback ‘learners.’ 

Alternatively, perhaps there are researcher- or technician-controlled conditions 

that optimize the effects of feedback for certain groups or individuals.  These may 

include such variables as the duration of feedback, rate or frequency of feedback, the 

total number of sessions, the ways that thresholds are defined, and possibly others.  It 

may be that thresholds for feedback need to be effectively balanced so as to ensure that 

individuals are being rewarded enough to maintain motivation and engagement, but not 

so much that they are saturated with positive feedback.  Further research is necessary in 

order to clarify these details, and may be stimulated with questions such as the 

following: 

• What differentiates ‘good’ neurofeedback learners from non-learners? 

• Are there ways to improve someone’s ability to learn how to regulate their 
brain activity, so that the benefits of such a task can be realized? 

In a thorough contemplation of these questions that is rarely seen in the 

neurofeedback literature, Sherlin et al. (2011) hypothesized that the application of 

classical and operant conditioning learning theories to neurofeedback training regimens 

would optimize training results.  Preliminary empirical investigations into these kinds of 

questions pertaining to the neurofeedback learning process are presently being explored 

in the ENGRAMMETRON laboratory using the software developed in this project. 
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It may be said that one’s ability to learn a skill is a necessary precursor to using 

and benefiting from the skill (VanLehn, 1996).  Applying this premise to neurofeedback, 

the ability to successfully learn how to willfully control one’s brain activity is therefore a 

necessary precursor to any benefits of neurofeedback training.  Educational researchers 

commonly study the behaviours and strategies ‘good learners’ in a variety of contexts so 

that this information can be used to better equip those who have more difficulty learning 

in these contexts. 

Due to the lack of clarity with which the research literature addresses this 

foundational issue in the neurofeedback training process, ENGRAMMETRON 

researchers are presently using the neurofeedback software developed here to explore 

different aspects of this process.  Echoing Kamiya’s (1968) research into the subjective 

experience of an alpha brain state, these researchers are taking a phenomenological 

approach in their endeavour to discern what a brain state (as defined by a change in 

activity within specific frequency bands) ‘is’ and ‘isn’t,’ with the goal of improving the 

efficiency and efficacy of the neurofeedback learning process. 

A primary researcher in this preliminary exploration is currently conducting 1.5~2 

hour NFT training sessions using each of the two incarnations of NFT software 

described here at different times within and across sessions.  In each session, EEG data 

sampled at 2 kHz is being recorded for later analysis.  The researcher is also logging 

training goals at 2~10 minute intervals, and reporting internal and external activities 

between these intervals throughout each training session.  The goal of this exploratory 

work is to combine and analyze the collected quantitative and qualitative data, so that 

relationships between the characteristics of the researcher’s subjective experiences 

when training certain frequency bands, and the measured, quantitative EEG data that 

corresponds with these experiences.  Through this research, clues to identify factors and 

strategies that may impede or promote training efficacy may be revealed.  Providing 

neurofeedback learners with opportunities to develop a phenomenological 

understanding about the brain states they are trying to sustain, as these researchers are 

doing, may be one way to improve the experience and effects of neurofeedback training 

for those who would otherwise be labeled (and dismissed) as ‘non-learners.’ 
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3.3.3. Sharper tools for learning 

Cognitive abilities such as memory and selective attention are widely recognized 

as important to learning, and brain activity in localized regions has been correlated with 

the demonstration of these types of abilities.  Spreng, Sepulcre, Turner, Stevens, and 

Schacter (2013), for example, synthesized the findings of several recent studies to 

identify a number of specific brain regions involved in externally- and interally- directed 

attentional networks.  In his review of research into the neural basis of learning and 

memory, Reber (2013) identifies the medial temporal lobe (MTL) memory system as 

primarily responsible for ‘explicit’ learning and memory.  Poldrack, Prabhakaran, Seger, 

and Gabrieli (1999) have also explored and identified neural correlates of learning a new 

cognitive task.  Following a more thorough investigation into these neural correlates, 

studies could be developed to investigate the effects of targeted neurofeedback training 

in selected locations, as it is plausible that this may aid in the development of 

improvements in the correlated abilities. 

3.3.4. Optimizing Learning: Neural correlates of abilities and 
concept development 

Unique brain activation patterns, defined as functions of both frequency and 

location, have been identified as correlating with a wide range of human activities.  It 

would be worthwhile to explore the targeted training of these neural correlates, as they 

may facilitate the learning of corresponding abilities. 

Theories of concept development, such as Action-Process-Object-Schema 

(APOS) in mathematics education, posit that individuals move through progressive 

stages of understanding when learning a new concept (Dubinsky, 2001).  It may be that 

there are optimal brain states for concept development within which an individual can 

accelerate or otherwise optimize the development process.  If so, then there would be a 

great benefit in researchers investigating neurofeedback as a technique that may 

facilitate learning how to enter these brain states at will. 
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3.3.5. Ensuring validity of research results 

The results of many neurofeedback studies are foggy due to limitations in 

research design, as has been noted in the literature by several authors.  Baydala and 

Wikman (2001) outlined the flaws that had been prevalent among previous 

neurofeedback studies, including opportunities for bias, placebo effects, and 

confounding effects of other variables.  In 2006, Monastra et al. conducted a more 

extensive review and similarly found that “randomized, controlled-group studies that 

monitor and control for such factors (as motivation for change, expected success, 

therapist characteristics, etc.) are still needed” (p. 23).  To date, much remains to be 

developed in terms of validating findings in this body of research.  While Baydala and 

Wikman called for “randomized, double-blind, placebo controlled trials” as far back as 

2001, this degree of rigor in the field has only recently been attempted in a pilot study 

investigating neurofeedback and ADHD performed by Arnold et al. (2013). 

Noting the partial controls employed in previous studies, Arnold et al. (2013) 

emphasized the uncertainty of reported results.  These authors reiterated the need to 

thoroughly implement controls in order to cultivate confidence in results.  Arnold et al. 

(2013) also sought to address questions about optimal frequency and number of NFT 

sessions.  Regarding frequency of sessions, their results suggested that there was little 

difference in treatment effects between those who received feedback twice a week to 

those who received feedback three times per week.  Data also suggest that a total of 30 

treatment sessions is adequate in order to observe stabilized effects.  Dynamic, 

automatically adjusted feedback thresholds were reported to be inferior to manually 

adjusted thresholds, though the authors unfortunately referred to unnamed “experts” to 

support this claim, thus precluding readers from the opportunity to further investigate for 

themselves.  Arnold et al. reported satisfying ‘blindness’ results in that neither the child 

participants nor their parents were better than chance in terms of guessing whether they 

had been part of the ‘real’ or ‘sham’ feedback groups.  Satisfied with these answers to 

their three original feasibility questions, Arnold et al. recommended a large, randomly 

controlled, double-blind study so that researchers can demonstrate with greater certainty 

the effects of NFT on individuals with ADHD diagnoses.  Similar control conditions 

should also be applied in future studies investigating other applications to neurofeedback 

as have been discussed throughout this work. 
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3.4. Conclusion 

Results of neurofeedback research suggest benefits for learners in many 

educationally relevant areas, ranging from the mitigation of clinical symptoms that might 

have an impact on learning, to enhancing the ability to learn and demonstrate knowledge 

and skills in a variety of areas.  In order to effectively move forward in this field, much 

work needs to be done to better understand neurofeedback tools and methods by 

studying different aspects of the research protocols.  As well, the origins of observed 

effects need to be clarified through controlled research design. 

The neurofeedback tool described here provides a foundational framework that 

can be applied to this kind of research, and in particular has great potential for use in the 

context of the ENGRAMMETRON laboratory as a dedicated hub for conducting 

educational neuroscience research. 
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Appendix. 
 
Software Code 

A. ActiView 

Creator 
BioSemi 

Filename 
ActiView700-Mac-Rev15.vi 

Description 
This file contains the original source code for ActiView for Mac 7.00, which was used as a foundation for 
constructing the neurofeedback interface developed for this project. 

B. ActiMatt 

Creator 
BioSemi and Matthew Menzies 

Filename (1) 
ActiMatt 3.52 – Revisit.vi 

Desciption (1) 
This file contains the first version of modified ActiView code that was developed for this project.  In this 
version, neurofeedback is provided per- discrete EEG channel. 

Filename (2) 
ActiMatt 4.0 – Refine.vi 

Desciption (2) 
This file contains the second version of modified ActiView code that was developed for this project.  In this 
version, neurofeedback is provided as an average per- user-selected brain region. 
 
 
 
 
 
 
 
 
ActiView source code used with permission. 
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