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Abstract
Learning and memory are two related, but distinct, fundamental cognitive processes. Both of these are continuous processes over the life
span. In the current article, we provide a comprehensive review of the extant literature that has focused on various factors that influence the human
brain processes for learning and memory. We review several factors that have been reported as directly or indirectly influence the learning and memory
processes, such as sleep, emotion, exercise, attention, intelligence, testing, rehearsal, and technology. We also examine the literature on ways to enhance
cognitive abilities, including neurofeedback, improve learning and memory capabilities. We conclude with a discussion of the gaps in the literature and
suggestions for future research in the field.
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Introduction

Learning, memory, and intelligence are the three main cognitive processes, which are somehow interdependent but different
processes. In daily life, learning and memorization are continuous processes. The ability to learn and remember about people, places,
things, and working procedures is encountered in routine life. It is a primary characteristic of humans’ cognition, which guides their
behaviour. Learning is a process to develop new skills, knowledge, and experience; while memory is the ability to retain learned
experience and reuse later. Intelligence reflects the speed of information processing, reasoning skills and the ability of problem-solving.
All three cognitive processes play an important role in human life. However, memory ability is very critical and provides backup to both
learning and information processing. For example, the use of language to convey thoughts via processing the known letters and sounds
in a combined manner to make words is based on memory. Without memory, nothing could be learned from experience. Motor skills,
language ability, reasoning, decision making, fast response, sense of personal identity, emotion and problem solving are impossible to
achieve without memory ability. This article aims to give a comprehensive overview of factors that influence learning and memory
abilities, taking evidence from recent physiological and psychological studies. The following section provides a detailed review of all
factors that influences learning and memory processes.
2.

Literature Review

In previous studies, there are many factors, including intelligence, attention, rehearsal, testing/retrieval, sleep, exercise,
nutrition, and multimedia tools, reported as factors, which influence performance of learning and memory and help us to retain more
information and minimize forgetting. In this section, a number of common factors are discussed.
2.1

Sleep

Sleep is a critical factor in memory, especially for memory consolidation. This has been well-established over the last several
decades for procedural and declarative memory (Ekstrand, Barrett, West, & Maier, 1977). A recent study examined sleep’s impact on
memory for school performance (semantic memory) in adults (Potkin & Bunney, 2012). An experiment was performed with male and
female healthy school students. The results showed an improvement of 20.6% in memory as recorded by the number of correct responses
in the paired-associate test following sleep. Bell et al., (Bell, Kawadri, Simone, & Wiseheart, 2014) investigated the sleep effect on
memory with 12 hours and 24 hours of retention duration and reported improvement in memory due to sleep. The neuronal mechanism
of sleep impact on memorization with neuroimaging techniques was reviewed by Frank and Benington (Frank & Benington, 2006). A
few studies indicate that sleep modulating slow brain waves favored memory consolidation, (e.g. Marshall, Helgadóttir, Mölle, & Born,
2006) and (Maquet, 2001). In short, the brain creates new neuronal connections during the learning process, and these connections are
then consolidated in the sleep process, resulting in better memorization.
2.2

Attention

Attention and memory are interdependent processes. New memory formation without proper attention is not possible. The
reason is that the capacity of human sensory memory and short-term storage is minimal; while the surroundings provide plenty of
information that is being received through the senses. Thus, the memory needs to encode only important information (information of
interest). Attention determines what should be encoded (Chun & Turk-Browne, 2007). It is evident in modern psychology that attention
helps to improve memory, but the detail of this enhancement in relation to neuroscience is still debatable. However, this is a common
observation and also experimentally proven that attending to (focusing on) a fact/event will increase the likelihood of memorization.
The acceptable view among the memory experts of this relation between attention and memory is that focusing on or attending to a fact
or event means allocation of processing resources of the brain for specific task (Awh, Vogel, & Oh, 2006; Chun & Turk-Browne, 2007;
Theeuwes, Kramer, & Irwin, 2011). This way, attention is involved in selecting the information of interest to be remembered and
preventing other sensory information from encoding. As a result, the relevant information is remembered in a better way. In the case of
competition between stimuli (sensory information) in the environment, selective attention is useful (Uncapher & Rugg, 2009).
2.3

Rehearsal

Rehearsal is also an influential factor in memory. The functions of rehearsal are to maintain information active in working
memory and to create new memory traces for long-term retention (Naveh-Benjamin & Jonides, 1984). Based on these functions,
rehearsal is divided into two, i.e., maintenance rehearsal and elaborative rehearsal (Craik & Watkins, 1973; Dark & Loftus, 1976). The
former is just repetition of stimulus again and again without knowing the semantic detail and only useful for rote learning; while the
latter deals with the stimuli (sensory information) in a meaningful and elaborative way to deeply process and remember it. The
elaborative rehearsal is more useful for memory and longer retention duration.
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Emotion

Emotion is another factor which is not only a product of the information processing of the brain but also influences the learning
and memory processes directly (Chai M Tyng, Amin, Saad, & Malik, 2017). Recent studies demonstrated that emotional material is
typically better to memorize than non-emotional or inert material. A positive emotional component may be added to the learning contents
while students undergo new information to improve subsequent memory (Schwabe, Bohringer, Chatterjee, & Schachinger, 2008; Zoladz
et al., 2011). For example, movie clips may be used, which will place the learning material into emotional context as well as attract the
focus of the students toward the learning material (Chai Meei Tyng et al., 2019). It is reported by (Tendler & Wagner, 2015) that when
the emotion is social and positive, our brain tells the different areas to work according to a specific communication protocol. When a
different emotion is involved, say a negative emotion of fear, then the brain instructs the same areas to adopt a different communication
protocol. Nevertheless, further investigation is needed to explore the reasons that we use different communication networks with
different emotions.
2.5

Stress

Previous studies identified stress and the neurotransmitters released during and after a stressful episode as a critical modulator
of human learning and memory abilities, especially in educational contexts(Joëls, Pu, Wiegert, Oitzl, & Krugers, 2006) (Schwabe, Joëls,
Roozendaal, Wolf, & Oitzl, 2012). In education, it is common to face stressful events both for students and teachers, for example, exams,
presentations, evaluations, deadlines, and achieving high performance create high pressure to perform.
Recent studies summarized by Vogel and Schwabe in 2016, stated that studies in rodents suggest that stress induces a
qualitative shift in the systems guiding learning and memory retrieval from a hippocampus -dependent memory system towards a
habit-like memory system based on the striatum (Vogel & Schwabe, 2016). Further, stress influenced the hippocampus-dependent
memory negatively, while having no effects on habit-learning in humans.
2.6

Intelligence

Cognitive ability, or general intelligence, has been commonly used to help predict an individual’s capacity and the ability for
academic learning (Koczwara et al., 2012; Rindermann & Neubauer, 2004; Wang & Hsieh, 2013). The assessment of general intelligence
involves the use of deliberate mental operations that are employed to solve novel problems that cannot be accomplished by simple
memorization (Primi, Ferrão, & Almeida, 2010). Furthermore, several cognitive psychological studies have associated general
intelligence with learning ability as predictors of an individual's learning capacity and ability (Amin, Malik, Kamel, Chooi, & Hussain,
2015; Deary, Strand, Smith, & Fernandes, 2007; Rindermann & Neubauer, 2004; van den Bos, Crone, & Güroğlu, 2012; Wang & Hsieh,
2013) and results from such studies have potential implications for learning practices. For example, it has been demonstrated that
executive functions and general intelligence are highly associated with learning capabilities (van den Bos et al., 2012). However,
subjective differences do exist that discriminate between human learning and memory performances. These differences may be due to
a person's ability to (i) perceive complex concepts; (ii) competently adjust to the environment; and (iii) integrate different forms of
intellectual and thinking processes. Nevertheless, on different occasions and in different domains, intellectual performances can and do
differ (Neisser et al., 1996).
2.7

Testing

Testing or retrieval practice is the process in which the studied items or stored memory are recollected. Unlike rehearsal in
which the information is studied, again and again, the testing process retrieves the learned information. The correct retrieval enhances
long-term retention more than the additional study of the information or material. Testing is not just an assessment tool for learning but
also improving long-term retention. Karpicke and Roediger first studied the testing effect in comparison with a rehearsal for long-term
retention (Karpicke & Roediger, 2007, 2008; Roediger & Butler, 2011). The authors conducted two experiments, in the first experiment,
the retention durations were five minutes, two days and one week. The experimental conditions were ‘study-study’ and ‘study-test’. The
participants studied educationally relevant passages and then either restudy or take a recall test. The findings (see Figure 1.2) suggested
that rehearsal improves memory for short retention duration such as five minutes; however, for long-term retention, the participants that
took recall test after studying the material rather than restudy, recalled more than the participants who restudy the material instead of
test.
In the second experiment, the findings were more interesting, where they observed the participants with three experimental
conditions, ‘SSSS’, ‘SSST’ and ‘STTT’ (see Figure 1.3). The S stands for ‘study’ and T represents ‘Test’. In short-term retention, the
participants in the group of ‘SSSS’ condition recalled more than the rest of the two conditions ‘SSST’ and ‘STTT’ in the memory test.
However, the recalled performance was reversed for long-term retention, i.e., the group with ‘STTT’ condition showed the highest recall
performance than the rest of the two conditions ‘SSSS’ and ‘SSST’. The testing effects have been investigated by many researchers on
different aspects of learning and memory, such as Danial et al., (McDaniel, Anderson, Derbish, & Morrisette, 2007) reported testing the
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effect in classroom and Chan and McDermott (Chan & McDermott, 2007) examined testing effect for recognition memory. However,
the work of Karpicke and Roediger demonstrated a substantial impact of testing on long-term memory.

Figure 1: Proportion of memory recall in three different retention durations for rehearsal and testing effects (Roediger & Karpicke, 2006)

Figure 2: Comparison of three experimental conditions for memory retrieval with two types of retention intervals (Roediger & Karpicke, 2006)

2.8

Exercise

Animal studies provided evidence that regular exercise for the long-term potentiates learning and memory in young adults and
old age (Asl, Sheikhzade, Torchi, Roshangar, & Khamnei, 2008; Snigdha, de Rivera, Milgram, & Cotman, 2014). However, human
studies provided clues that exercise promotes human memory in old age especially in age-related memory losses (Berchtold, Castello,
& Cotman, 2010; Hillman, Erickson, & Kramer, 2008; Roig, Nordbrandt, Geertsen, & Nielsen, 2013). Evidence from sports studies
suggested that exercise increases the cerebral blood flow for the short-term and thus improves the availability of oxygen, glucose, and
nutrients (Ogoh & Ainslie, 2009; Querido & Sheel, 2007). This may be the reason for the brain to perform better with cognitive functions.
From neuroimaging studies, it is reported that exercise improves the size of the hippocampus, which is a critical and necessary brain
organ for creating a memory (Erickson et al., 2011). The hippocampus shrinks in late adulthood, causing severe losses of memory and
memory impairments (dementia). Thus, exercise can regulate the brain tissues in the hippocampus to prevent tissues from shrinking and
delay memory losses or maintain memory functions.
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Nutrition

An important factor in mental fitness is nutrition. Several research studies examined how food relates to brain functions,
including memory and cognition. Previously, fats were considered inadequate for heart regulation, but in fact, it is also bad for brain
functions including memory (Gómez-Pinilla, 2008; Gu, Nieves, Stern, Luchsinger, & Scarmeas, 2010). A recent study investigated
dietary fat types on cognitive functions in healthy elders (Okereke et al., 2012) and reported that higher intake of saturated fatty acids
associated with reduced cognitive and verbal memory. In addition, iron deficiency (ID) is another common nutrient deficiency that
affects cognitive functions, including speed of processing, learning, and memory. It has been reported that early ID alters the structure,
intracellular signaling pathways and electrophysiology of the developing hippocampus organs (Fretham, Carlson, & Georgieff, 2011).
Hence, a balanced diet is essential not only for physical fitness but also for better cognitive functions.
2.10

Technology

Multimedia tools consist of auditory information as well as visual information, such as spoken words and pictures. In
multimedia learning, the learner builds a mental representation of a concept from both visual and auditory information presented
simultaneously (Richard E. Mayer, 2002a). Allan Paivio first brought the idea of multimedia processing in 1971 with dual coding theory
(Paivio, 1971). According to this theory, “the human brain deals the verbal and non-verbal information in separate interrelated systems”.
Later, researchers worked on the learning process and explored the modality effect of materials presentation, known as the modality
principle. The modality principle postulated that the integration of visual (pictorial) and auditory (narration) materials provided better
memory retention and information transfer compared to a combination of written (textual) and pictorial material (Richard E Mayer,
2002). This principle, based on the working memory concept of limited capacity, suggests that combined presentation of animation and
narration allowed the learners to efficiently coordinate between the phonological loop and visuospatial sketch pad instead of burdening
one channel of information processing (Richard E. Mayer, 2002b). Thus, the combined presentation of visual and auditory information
helps the brain to learn quickly and efficiently.
In technology, stereoscopic 3D (S3D) displays, and virtual reality are relatively new. Since the year 2009, 3D technology has
become famous and resulted in evolving the entertainment market, including movies, games, TVs, cameras, and smartphones. However,
in the last few years, 3D technology started growing into a more serious domain such as education (Malik, Amin, et al., 2015; Malik,
Amin, Kamel, Chooi, & Hussain, 2014). The existing research work is focused on the technical aspects of 3D technology including the
development of 3D displays (Downing, Hesselink, Ralston, & Macfarlane, 1996; Redert et al., 2006), conversion of 2D images into 3D
images (Harman, Flack, Fox, & Dowley, 2002; Tam & Zhang, 2006), human factor including discomfort (Tam, Speranza, Yano,
Shimono, & Ono, 2011), cognitive and visual fatigue (Li, Seo, Kham, & Lee, 2008; Mun, Park, Park, & Whang, 2012), and quality of
the 3D movies and games (Kalva, Christodoulou, Mayron, Marques, & Furht, 2006; Leon, Kalva, & Furht, 2008; Merkle, Müller, &
Wiegand, 2010). A behavioral study on 3D technology for education is available, conducted by Bamford in 2011 (Bamford, 2011),
which reported that 86% of the students in 3D class improved their test score from pre-test to the post-test as compared to 52% of the
students who improved in the 2D class. Individual performance was also improved in 3D class than 2D class, i.e., an average of 17%
improvement was recorded in 3D class as compared to only 8% improvement in 2D class. This study was conducted on a large sample
size of 740 students over 15 schools in seven countries in Europe. However, the reasons for the improvement of the students in 3D
classes were not reported and remained unknown, because the study was a behavioral study which is based on questionnaires or paperbased tests. The possible effects of the 3D display during learning and memory may be of attracting more viewers’ attention and helps
hasten retrieval of information from long-term storage (Amin, 2017). However, the S3D display technology needs to improve the visual
comfort to the viewers, as there are still complaints of visual discomfort and fatigues (Malik, Khairuddin, et al., 2015). Also, the design
of the S3D based learning materials should follow the cognitive theory (Richard E Mayer, 2002) to ensure the cognitive load is not
overloading the working memory during viewing the learning materials (Mazher, Aziz, Malik, & Amin, 2017).
3.

Neurofeedback as Intervention for enhancement of learning and memory

Neurofeedback (NFB) is a method to self-regulate one’s brain activity to modulate the underlying neural mechanisms of
cognition and behavior directly. It is used as a therapeutic tool and provides new avenues for researchers and clinicians for cognitive
enhancement in healthy human participants. The areas of NFB application include NFB as a therapeutic tool for ADHD, epilepsy, and
motor imagery, NFB as peak performance training for cognitive enhancement, and NFB as an experimental method, for example, the
relation of specific oscillation with cognitive functions. Thus, NFB can be used to enhance cognitive functions and provide peak
performance using well established NFB protocols. Although the protocols of NFB are debatable, specific protocols are quite well
established, for example, peak alpha for information processing and intelligence (Posthuma, Neale, Boomsma, & De Geus, 2001).
Specific NFB protocols are in practice for the enhancement of memory performance. For example, Wang and Hsieh (Wang & Hsieh,
2013) investigated the effectiveness of frontal-midline theta activity up training protocol for attention and working memory performance
for older and young participants. They reported that frontal-midline theta up training protocol enhanced attention and working memory
and theta activity for healthy aging adults in resting state. Also, younger participants were also found to benefit from the protocol as
© 2019 Asia Pacific Journal of Neurotherapy (APJNT)
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their executive function was improved. Rostami et al., (Rostami et al., 2017) evaluated the effect of NFB therapy on continuous attention
and short-term memory of clients with moderate traumatic brain injury adopting a randomized controlled clinical trial. Their results
could not achieve a significant improvement between intervention and control groups. However, they have reported a small sample size
in the experiment, which could be the reason for obtaining non-significant improvement. Haddadi et al., (Haddadi, Rostami, Moradi, &
Pouladi, 2011) explored the effect of NFB on memory and learning in patients with cognitive impairment. They have incorporated
training to increase beta waves (15-18Hz) and decease theta waves (3-7Hz) at T3 and F3. Also, SMR training was used in Cz to decrease
the seizure attacks. The findings evident changes in increased beta waves and decreased theta activity. Such studies indicated that NFB
therapy should be considered when designing studies and treatment for rehabilitation of patients with cognitive impairment, students
having learning disabilities, and individuals willing to enhance their cognitive performance.
4.

Discussion and Concluding Remarks

Factors such as attention, rehearsal, testing, and sleep, which influence learning and memory, as reported in the literature, are
all well studied in behavioral research for many decades. A few factors, such as emotion, stress, and technology, are relatively new in
learning and memory research and need further in-depth investigations to explore the underlying mechanisms. The following Table 1
summarizes the current research studies on different factors related to learning & memory along with NFB to come up with possible
research gaps for future investigations.
Table 1. Gaps of Knowledge in current research of Learning and Memory factors
Ref.
(Berner,
Schabus,
Wienerroither,
&
Klimesch, 2006)

Factors
Sleep

Studied
Sleep spindles for overnight
memory consolidation, and sigma
(11.6 to 16 Hz) NFB training on
immediate sleep spindle and
overnight memory
Current trends of stress effects on
memory are discussed along with
popular models of how stress
hormones alter memory processes.

(Schwabe et al., 2012)

Stress

(Chai Meei Tyng et
al., 2019)

Emotion

Colours’ effects with EEG networks
on emotion for learning & memory
are investigated.

(Keizer, Verschoor,
Verment, & Hommel,
2010)
(Escolano, Aguilar, &
Minguez, 2011)

Intelligence

For improvement in intelligence,
NFB is applied to change the power
of EEG gamma-band
EEG upper-alpha activity is trained
for improving working memory

(Norris,
Creem,
Hendler, & Kober,
2018)

Attention

A brief 10 minutes of audio
meditation is investigated on the
allocation of attentional resources
with event-related potential tasks.

(Lecomte & Juhel,
2011)

NFB

The use of NFB is reported for
memory performance on old aged
participants (over 65 years)

(Reiner, Rozengurt,
& Barnea, 2014)

Working Memory

Theta and beta NFB training in
comparison with sleep

Remarks
The results reported there was a significant positive
correlation between spindle activity during sleep in
the first half night and overall declarative memory
performance.
The study concluded that depending on the timing of
the stress exposure, stress might positively alter the
hippocampus-dependent memory. However, it
needs further attention to study how stress shapes
memory to guide individuals for such circumstances
in the future.
The study indicated that coloured multimedia
learning contents induced positive emotional
experiences during learning, which increased the
motivation to learn and memorize. The study only
tested 45 young subjects.
The results suggested that alterations in EEG
gamma-band power influenced intellectual ability.
The results showed that significant improvements in
working memory are produced. The use of NFB on
working memory training towards supporting the
long-term encoding and retention can be useful
training.
The findings suggested that brief meditation impacts
attention. However, the use of NFB may better
influence the brain waves responsible for attention
as compared to indirectly altering with audiotape
meditation.
The study did not report encouraging results of NFB
on memory; the reason may be that the authors used
only 4 NFB training sessions. However, more
training sessions on healthy young participants may
improve memory performance.
The study reported that theta NFB training gives
superior results in memory consolidation than beta
training and night sleep.

In the view of many recent research studies, evidence suggests that various psychological and physiological factors are involved
in the acquisition of new information and the consolidation of the acquired information into memories. Although open questions and
debate remain, the overall evidence suggests that certain factors, such as sleep, attention, technology, emotion, testing, stress and
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rehearsal are playing a critical role in learning and memory processes. Future studies may consider the use of NFB for enhancement of
learning and memory for healthy human subjects and especially for those who have learning disabilities.
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Abstract:
Psychosis causes major disease burden, individual, family, social and economic pain. Medications are of limited effectiveness and cause
many unpleasant side effects. Technology is now allowing us to examine the organ being treated, to better personalize therapies, including
neurofeedback operant conditioning. The epigenetic effects of developmental trauma in the causation of psychosis are highly significant and responsive
to quantitative electroencephalography (qEEG) guided neurofeedback, with very promising results. While there are many questions to be answered, it
is time to implement this therapy more widely.
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Introduction:

There is considerable evidence that childhood and adolescent trauma has major epigenetic effects in causing psychosis,
including schizophrenia (review by Popovic et al 2019). In schizophrenia, about 8,300 single nucleotide polymorphisms have been
estimated to contribute to a common genetic risk of only 32% (Ripke et al 2013), suggesting that in addition to genetic background,
environmental factors may be the basis of pathophysiological processes (Manolio et al 2009). The review of neuroimaging by Teicher
and Samson (2016) shows the plastic brain changes in response to childhood traumas (e.g. neglect, poverty, poor attachment, emotional
abuse, and physical and sexual abuse) which are evolutionary protective mechanisms to enable survival in a toxic environment until
puberty, to produce the next generation. The brain then switches from growth to pruning for efficiency, and behavioral programming to
competing with peers for the best mate and resources to support children. The previous protective changes cease to be helpful and may
be harmful. Further traumas at sensitive stages of development, such as bullying at the ages of 13-14, when competing with peers is
most important, can also cause brain dysregulation. Psychopathology may emerge, due to the mismatch between the world the brain
was modified to survive in, and the world it finds itself in, during subsequent developmental stages. These changes may remain
throughout life unless actively modified, and medication does not do it.
Psychiatry has had to rely on symptom clusters for diagnosis, as direct examination of the organ being treated was not possible.
The profound effects of developmental trauma have not been recognized or controlled for in research, and this has led to highly
confounded results, and unfortunately this often continues. Now technology is enabling better diagnosis, particularly through functional
magnetic resonance imaging (fMRI) (Xiaoyan & Rongjun 2015) and quantitative electroencephalography (qEEG) (Kropotov 2016).
While academics have access to very expensive fMRI machines, qEEG is cheap and quite effective.
The prospect of personalized treatment is now being realized for medication (Gunkelman 2014) and brain operant conditioning
through neurofeedback (Sitaram et al 2017). While neurofeedback has long been used by psychologists for performance enhancement
and ADHD treatment, it is now effectively used for the treatment of trauma in refugees (Askovic et al 2017 & in press), chronic Post
Traumatic Stress Disorder (PTSD) (Van Der Kolk et al 2016) and schizophrenia.
Brand et al (2017) did a systemic review of trauma focused cognitive behavior therapy (CBT) interventions for people with
psychosis, who also had a diagnosis of PTSD, and across 25 studies found low effect sizes, poorly sustained when treatment ceased.
This should not be surprising, as PTSD that responds to exposure treatment usually follows discrete highly threatening events, rather
than the more insidious emotional abuse, physical neglect and attachment failures in the developmental period, which many in the trials
would also have experienced. Raio et al (2013) found that stress markedly impairs cognitive regulation of emotion and highlights critical
limitations of this technique to control affective responses under stress. Re-regulation of the brain to reduce the effects of stress is
needed at the start of treatment to enable more effective psychotherapy outcomes.
Developmental trauma has an effect on the severity of mental health disorders (Bailie et al 2018). A systematic review of the
association with the severity of hallucinations and delusions in psychotic disorders showed significant dose related correlation with the
severity of hallucinations and delusions, but not correlated with the severity of negative symptoms. Severity of childhood neglect was
correlated with negative symptoms, which is logical, as there are very different protective brain changes, and failures of brain
development, due to the lack of appropriate attachment and stimulation. There is evidence that the emotional, physical and sexual abuse
types of trauma generally lead to high anxiety and abnormalities in the left hemisphere on the qEEG. Children who experience extreme
levels of social neglect early in life, show diminished electrical activity in the brain as measured by EEG (National Scientific Council
on the Developing Child 2012, Vanderwert et al 2010) However some episodes of trauma can lead to dissociative shut-down (Schalinski
& Teicher 2015). Thus neurofeedback protocols need to vary with guidance from the qEEG.
Gruzelier (2000) showed that people with schizophrenia can learn to self-regulate their brain activity with operant conditioning,
such as neurofeedback. Treatment of schizophrenia using qEEG or rtfMRI guided neurofeedback, designed before the understanding of
the evolutionary protective brain changes, showed significant benefits (Surmeli et al 2012, Bolea 2010, Schummer & von Stietz 2013,
Orlov et al 2018, Nan et al 2017). The qEEG differences between those with developmental trauma and the normative database would
have led to protocols directed at those differences, as well as the psychosis.
Surmeli (2012) treated 51 people with chronic schizophrenia with neurofeedback. They had Positive and Negative Syndrome
Scale (PANSS) scores within the range 76-156, mean 110.24 (SD 21.62). 47 out of 48 final participants showed clinical improvement,
as the mean PANSS score decreased to 19.56 (SD 26.78) which was statistically significant (P< 0.01), along with significant
improvements in Minnesota Multiphasic Personality Inventory (MMPI) (P< 0.01). There were also significant improvements in the Test
of Variables of Attention (TOVA) measurements for the 33 whose initial symptom levels allowed for pre testing (P<0.01). They were
followed for around 2 years with the mean reduction in PANSS scores of 82%. Above 20% is considered good for antipsychotic
medications (aripiprazole 28.6%, placebo 21.2% in adolescents – US FDA approval data). 19 ceased to meet criteria for schizophrenia,
27 did not need medication and the remaining 24 required about half their previous dosage and were more functional. The post qEEG
changes were consistent with these results. In the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) study, the efficacy
of the pharmacological treatment on the primary measure, staying in the study until completion, was only 26% (Kane, Janicak 2006). In
this study, not only did all but 3 people adhere to the neurofeedback regimen (94%), but of those that needed medication, 68% of them
adhered to their medication treatment when followed up to 2 years.
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Bolea (2010) reported on his neurofeedback treatment of 70 people with severe chronic hospitalized schizophrenia, resistant to
all other treatments, who responded very well and most were discharged to the community, with reduced medication. One recent trial
of intensive neurofeedback over 4 days, for a person with chronic schizophrenia, with geographic difficulty to complete long term
training, produced an excellent result (Nan et al 2017). The follow up assessments have shown that the effects are sustained, unlike
medication effects that cease with the medication.
2.

Discussion:

It could be argued that the efficacy of the neurofeedback was due to reversing the effects of developmental trauma, and those
with a stronger genetic risk remaining on medication, while functionally much improved. These results point to a significant reduction
in the burden of disease and the cost of effective treatment, despite the intervention being initially intensive.
The headspace Youth Early Psychosis Program in Western Sydney is caring for young people 12-25 with either first episode
psychosis or who are at ultra-high risk of developing psychosis. Conus et al (2010) found that 83% of the young people with first
episode psychosis, admitted to the Early Psychosis Prevention and Intervention Centre (EPPIC) in Melbourne, had been exposed to at
least one stressful event and 34% to sexual or physical abuse. Our experience is that when we look for developmental trauma in the
first episode group, two thirds appear to have had significant trauma and almost all of the ultra-high risk group. Retrospective reports
by people will often fail to retrieve memories of neglect and emotional abuse, which often occurred before the development of language,
while parents are preoccupied with sedation from drugs and alcohol, their own symptoms of PTSD, depression, psychosis, physical
illness, depravation, developmental disability and domestic discord (Murphy et al 2018). Thus the rates of developmental trauma are
likely to be higher than reported, another reason to look at the qEEG.
3.

Conclusions:

As we see the limitations of medications with our young people and the apparent benefits of actually treating developmental
trauma, the time has come to start using qEEG and neurofeedback in our services, to enable full uptake of the recovery approach to care.
This would be consistent with the interventionist-causal paradigm method proposed by Brand et al (2017) to untangle the relationship
between developmental trauma and psychosis. It is postulated that this will have a major beneficial effect across the ultra-high risk and
first episode psychosis spectrums, considering the dose related correlation of symptoms and trauma (Bailey et al 2018).
As 68% of causation of psychosis is epigenetic, and developmental trauma plastic changes affect physical health functions as
much as mental functioning (Lanius et al 2010), I hypothesize that applying neurofeedback, based on qEEG signs of developmental
trauma, will show significant benefits for mental and physical health, reducing personal, family, social and economic pain. It should be
immensely cost effective by reducing the burden of disease and enabling greater functional recovery and social inclusion.
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Abstract
The efficacy of amplitude neurofeedback (NFB) in a clinic-based setting was explored in this study using a sample of 132 participants. 96%
of participants were under 21 years of age. The sample appeared to be representative of the wider autistic child population. The current study used an
ex post facto, quasi-experimental design. Using a clinically meaningful measure of change, called the Goal Attainment Scale, NFB participants
demonstrated moderate gains on a targeted, challenging behavior or emotional problem. These gains were equivalent to a clinical response (> 50%
reduction in symptoms) in traditional research terms. The NFB group performed better in absolute terms compared with traditional therapies and with
NFB combined with traditional therapies. These group differences were not significant. A number of other factors did not influence clinical outcome
(e.g., age, diagnosis, protocol type) suggesting that assessment-based NFB protocols, informed by experienced NFB practitioners, and delivered by
NFB practitioners with two years’ experience or less, can translate into significant and meaningful improvements for people on the spectrum. The
limitations of this study were addressed.
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Introduction

The efficacy of amplitude neurofeedback (NFB) with autism spectrum disorder (ASD), beyond case study analysis, has been
reported in over twenty research trials since Jarusiewicz’s (2002) breakthrough publication. All studies have demonstrated a positive
effect, ostensibly a specific effect. Many of these studies are cited in a literature review by Perl and Perl (2019). There is also a homebased study on the auditory-only feedback system called Mente, which reported a positive effect on an autistic group, relative to a sham
group (Carrick, Pagnacco, Hankir, Adbulrahman, Zaman, Kalambaheti, Barton, Link & Oggero, 2018). More recent studies are
demonstrating that specific training protocols (C4-A2) are translating into brain activation associated with social functioning, reduced
symptom severity and improvements in social behaviors on standardized measures (Datko, Pineda & Muller, 2018).
Despite Jarusiewicz’s randomized controlled design (showing a positive effect of NFB compared to a control group), there is
still no study that compares NFB with a traditional-therapy control group. Moreover, there is only one study with a sample size exceeding
30 subjects per experimental group (Thompson, Thompson & Reid, 2010). Thompson et al. reported a post-hoc analysis of 150 cases
using a test-retest design and showed significant improvements in clinic-based participants across several variables including objective
measures of attention (e.g. TOVA), core autistic symptoms, achievement (Wide Range Achievement Test) and intelligence (WAIS).
Despite these studies, a debate is brewing in the literature. On the one hand, literature reviews (e.g. Coben, Linden and Myers,
2010) critically analyze the research as suffering small sample sizes, non-random assignment, non-blinded participants and insufficient
control of placebo (or contextual / nonspecific) effects. On the other hand, there are others who challenge the necessity for scientific
rigour. Moshe and Moshe (2019) wrote that “clinic studies with controls eliminate some of the non-specific/unspecified elements (some
say placebo) of the intervention as the cause of change. We need studies that are done with controls in a clinical setting for several
reasons. Firstly, as clinicians, we do not seek to eliminate non-specific effects, we seek to maximise them. Furthermore, we do not
randomly accept clients – they choose us, so the issue of random assignment to treatments is contrary to clinical practice. In addition,
clients in clinic studies reflect real world conditions and comorbidities – the same as that which walks through our doors.”
As a support of the latter argument, La Vaque et al. (2002), a task force who outline guidelines on the efficacy of
psychophysiological interventions, write that several meta-analyses found no difference between retrospective, observational studies
and randomized controlled experiments, suggesting that a study like ours may approach the validity of a gold standard methodology
e.g., randomization, sham control. This comparability in efficacy is most likely in physician-delivered therapies (Benson & Hartz, 2000),
rather than lifestyle-orientated research like diet, exercise or lifestyle change.
Based on the second school of thought, combined with a lack of evidence comparing NFB with traditional therapies, and a
need for larger sample comparisons, we explored amplitude NFB with traditional therapies for ASD participants who frequented a clinic
for therapies tackling the core problems of autism. We sought to compare: a) NFB with and without other therapies, and with traditional
therapies alone, and b) ASD with or without comorbidities, and with other developmental disorders. The aim was to analyse the efficacy
of NFB compared to evidence-based traditional therapies using a larger sample size than found in the current literature. This is an ex
post facto, quasi experimental design.
2.

Methodology

2.1. Participants
A total sample size of 132 clients were drawn from four practitioners at Good Start Psychology during the months of November
and December, 2018. One practitioner (the author) has two years of experience with NFB and 20 years of clinical experience in the
psychology field, whilst the three other practitioners were provisional psychologists with less than 12 months of experience each in a
clinical role. Of the three Provisionals, two were female, one was male. The least amount of cases added from one practitioner was 27
and the most added was 36. There was a relatively even contribution of cases from each practitioner.
The only exclusion criterion was clients who attended less than 6 sessions (n=31, 19%). These clients were excluded because
they had not engaged in therapy sufficiently to warrant a reliable analysis of the efficacy of therapy. These six sessions included one to
two assessment sessions. In all, participants of this study had completed at least four sessions of a specific therapy or therapies.
All participants, or their primary caregiver, signed a consent form at intake to allow the publication of these data, in a deidentified group format, for the purposes of an article of this nature.
2.2. Data collection
Outcome data was measured using the Goal Attainment Scale (GAS) method, which was developed with chronic, mental
conditions (e.g. persistent pain) as a person-centered measure of functional capacity and improvement. The GAS is developed on a fivepoint scale with a measure recorded at intake and then reviewed periodically to assess how the participant is progressing with a targeted,
functional behavior. Criticism has been levelled at the GAS method for its untested assumptions of scaling (i.e. interval versus ordinal),
inter-individual equivalence and comparability, and reliability of coding across different behavioral observation measures (Ruble,
McGrew & Toland, 2012). Ruble et al. (2012) demonstrated that GAS descriptions were evaluated for equivalency, behavior samples
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are representative, and different sources of behavior samples can be reliably coded. They recommended practicing writing GAS
templates, and using standardized approaches in writing these goals.
The first author delivered training and weekly supervision to Good Start practitioners on how to write goals using the GAS
method using templated examples. Frequent review and feedback was provided to training practitioners with writing these goals to
ensure uniformity and consistency. Guidelines were also developed including: a) observable behaviors, where possible; b) two to three
factors represented only; and c) five levels of change i.e., -1 = regression, 0 = intake functioning, 1 = mild improvement, 2 = moderate
improvement (approximately a 50% reduction in symptoms) and 3 = large improvement (usually infrequent or complete absence of
challenging state or behavior).
With the assistance of the primary care giver, the key presenting problem or challenging behavior was identified at intake and
then rated on a five-point scale from -1 through to +3. A typical example of a GAS is as follows:
Overall goal: reduction in meltdowns.
-1 (regression): Greater than 4 meltdowns a day, intensity of 6 out of 10, lasting greater than 30 minutes per episode.
0 (intake/baseline): 4 meltdowns a day, intensity of 5 out of 10, lasting 30 minutes per episode.
+1 (slight improvement): 1 meltdown a day, intensity of 4 out of 10, lasting 20 minutes per episode.
+2 (moderate improvement): 1 meltdown a week, intensity of 3 out of 10, lasting 10 minutes per episode.
+3 (large improvement): 1 meltdown less than once per week (occasional frequency), intensity of 3 out of 10, lasting less than 10
minutes per episode.
The GAS example shows that there are three factors represented i.e., number of meltdowns, intensity and episode length. It is
important to note that this means that, unlike a standardized measure or scale, the same score on the GAS could mean something
quantitatively different from one client to the next. The GAS is therefore meaningful to each participant and sensitive to change on a
targeted behavior or emotional problem.
When completing our outcome data analysis, the baseline GAS was zero for all cases. When the target behavior was reassessed,
it was elicited by the practitioner from the participant and caregiver, and the GAS rating was evaluated by the principal psychologist
(first author) with the practitioner to calibrate the rating to ensure it was consistent with self-reports. We did this for all cases other than
the first authors’ cases. There were a few cases when these data (n=12) were changed; in all cases, the rating either increased or decreased
by 1-point only with no trend towards inflating or deflating the outcome.
In order to ensure that the GAS was relatively consistent and standardized, the first author’s GAS scores were correlated with
the second author’s. To put it into context, Nicole Files does not work with participants, and is a research psychologist, and she was not
provided any training or supervision in the GAS method. She merely reviewed each case’s notes, examined the GAS and then estimated
a reasonable follow-up rating based on caregiver’s reports of participant progress with the target behavior.
Cohen’s kappa (Cohen, 1960) coefficient was calculated to determine the inter-rater reliability between the first and second
authors’ GAS scores. The interrater reliability for the two raters’ GAS scores was found to be kappa = 0.69 (p<.001), which according
to guidelines from Landis and Koch (1977) can be described as substantial in strength.
2.3. Neurofeedback training
All participants were trained on the EEGer software application using A202 or J202 amplifiers. Most of our participants were
children and the most common method of feedback used in this subgroup was DVD game. In this method of feedback, the participant
watches a movie (of his/her choosing) and two types of feedback are provided including a fading of the screen and a beeping noise. A
clear screen and beeping are contemporaneously presented (usually .8 to 1 second delay) when the participant’s EEG data satisfies
practitioner-determined parameters on a single reward and two or three inhibit band protocol, depending on the predetermined protocol.
The total rewards for the session were generally maintained between 30-60% of the time to entrain the brain to function better by
rewarding around a third to one half of the time. The logic is that we are giving the brain feedback that it is doing well but could function
better. A criticism of some past studies is that they have rewarded 60 to 80% of the time which suggests the brain is rewarded highly
for poor activity. Sessions ran for approximately 30 minutes and most participants were trained once per week only.
2.4. Choosing protocols
Training protocols were determined by recording EEG “minimaps” for each participant for one-minute at Fz, Cz and Pz, during
eyes open and eyes closed phases. These data were reviewed by the first author, who also received regular mentoring from Dr Moshe
Perl (20+ years of experience with NFB) around montages and protocols using EEGer with ASD cases. EEG-assessment guided NFB
performs better than symptom-derived NFB training (Coben & Myers, 2009).
Dr Perl reviewed most of the minimaps recorded by the practitioners in our clinic. A consistent finding with ASD cases using
minimaps is an over aroused brain (excess slow wave, usually delta and theta at all three sites), sometimes an over activated brain (excess
fast wave or high beta) and lower than normal levels of beta wave activity.
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Protocols are derived by a clinical process of examining the presenting symptoms and behavioral problems, and then examining
the EEG minimap data. To elaborate on clinical process, if a participant was experiencing meltdowns, with elevations in delta and theta
at Fz, we routinely trained T4-F4 (or C4-F4 for a child under 10 years of age); if the participant was complaining of sensory overwhelm
or sensitivities, with elevations in the parietal cortex, we trained T4-P4; and consistent with evidence-based practice, if an EEG showed
fronto-central slowing, with concomitant attentional deficits, we trained Fz-A1 or Cz-A1. In most cases, training involved calming the
right side of the brain, derived from an arousal-regulation model of EEG biofeedback.
3.

Results

Table 1 shows that there was a three to one ratio of males to females in our sample, which is consistent with the wider autistic
population averages. The mean age was 13.3 (median age of 12 years) with an age range of 5 to 64 years. 127 (96%) participants were
20 years or younger.
The mean number of therapy sessions was 23. The range of sessions was 6 to 70. Table 1 shows that nearly half the sample
(48.5%) engaged with NFB only. Non-NFB therapies included CBT (n=27, 38%), Play Therapy (n=10, 15%), Psych-education (n=15,
22%), Social Skills (n=10, 15%) and ABA therapy (n=6, 9%).
A significant proportion of the sample were formally diagnosed with ASD and a comorbidity (25.8%). These additional
diagnoses included ADHD, ID, OCD, gender dysphoria and anxiety. The remaining non-ASD cases (n=25) were diagnosed with
developmental conditions like ID, global developmental delay and Down syndrome, and acted as an additional comparison group.
A large proportion of the sample reported and targeted a challenging behavior of meltdowns, anger, aggression or emotional
regulation problems (59%). A smaller proportion of cases identified anxiety (n=29, 22%) as the main presenting problem, and then
social skills (n=8, 6%). The remaining cases focused on attentional difficulties, depression, toileting and migraines (n=9, 13%).
Finally, we divided NFB protocols into three main groups for our data analysis, namely, 1) T4-F4, 2) training on the sensory
motor strip (SMS) and 3) a collection of other protocols (e.g. Fz-A1, T4-P4).
Table 1. Descriptive data of total sample
Variable Group
Gender
Male
Female
Type of therapy
NFB only
NFB and therapy
Therapy only
Diagnosis
ASD
ASD plus comorbidities
Non-ASD
NFB Protocol
T4-F4, C4 -F4
SMS (Sensory motor strip)
Other
Main problem
Melt downs / emotional regulation
Anger / Aggression
Anxiety
Social skills
Other

Sample size

Percentage

99
33

75%
25%

64
35
33

48.5%
26.5%
25%

73
34
25

55.3%
25.8%
18.9%

42
28
27

31.8%
21.2%
20.5%

56
22
29
8
17

42.4%
16.7%
22%
6.1%
12.9%

The mean improvement across the 132 cases on the GAS was 1.8 and the median improvement was 2. The lowest score was 0
and the highest score was 3. No cases were rated as regressing through therapy i.e. rated -1. Fourteen cases rated no change, 34 rated a
slight improvement, 48 rated a moderate improvement and 36 rated a major improvement. We did not complete a pre- and post-test
analysis of scores because the pre-score on the GAS is always 0. That is, there is no variation at baseline.
Males (M=1.79, SD=.95) and females (M=1.85, SD=.96) did not show significant differences in outcome (F=.098, p=.76).
We then examined outcome ratings with factors such as therapy type, diagnosis group, presenting problem and NFB protocol.
Figure 1 shows that the mean scores for each therapy group were: NFB = 1.92 (SD= .95), NFB+Therapy = 1.80 (SD= .93) and
Therapy = 1.58 (SD= 1.00). Group differences were not significant (F=1.43, p=.245).
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Mean Outcome Score (GAS)
2

1.9
1.8
1.7
1.6
1.5
1.4
NFB Only

NFB + Therapy

Therapy Only

Fig.1. Outcome scores (GAS) by therapy type

Figure 2 shows that the diagnostic groups were even less discrepant in mean scores: ASD = 1.82 (SD= 1.00), ASD+Comorbidity =1.71 (SD= .91), and Non-ASD = 1.88 (SD=.93). The differences were not significant (F=.265, p=.767).
Mean Outcome Score (GAS)
1.9
1.8
1.7
1.6
ASD

ASD + Comorbidity

Non-ASD

Fig.2. Outcome scores (GAS) by diagnosis group

Presenting problem and GAS means are represented in Figure 3. The mean scores were: Melt downs/emotional regulation =
1.80 (SD=.90), Anger/aggression = 1.91 (SD=1.02), Anxiety =1.72 (SD=1.00), Social skills = 1.63 (SD= .92) and other = 1.88
(SD=1.11). The differences between groups were not significant (F=.21, p= .933).
Mean Outcome Score (GAS)

2
1.9
1.8
1.7
1.6
1.5
1.4
Melt downs /
emotional
regulation

Anger /
agression

Anxiety

Social skills

Other

Fig.3. Outcome scores (GAS) by presenting problem

Finally, Figure 4 shows that NFB protocol groups produced the following GAS scores: T4-F4 = 1.71 (SD= .94), SMS = 2.04
(SD= .92) and Other = 2.04 (SD= .85). The differences were not significant (F= 2.10, p= .224).
Mean Outcome Score (GAS)
2.1
2
1.9
1.8
1.7
1.6
1.5
T4-F4

SMS

Other

Fig.4. Outcome scores (GAS) by NFB protocol
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There were no interaction effects using two-way ANOVAs for all independent variables based on outcome. Total number of
sessions showed a significant positive relationship with outcome scores, r (132) = .33, p < .01. Age showed a negative relationship
with outcome scores (r (132) = -.05, n.s.), but was not significant.
4.

Discussion and Concluding remarks

The efficacy of NFB has been demonstrated in over 20 published articles with a home-based approach (i.e. Mente) also showing
a positive effect. This study adds to the evidence-base by comparing NFB with and without other traditional therapies, with a larger
sample size, which has not been demonstrated in the extant literature until now.
In absolute terms, the NFB-only group showed larger improvements than NFB with therapy and therapy alone. However, these
group differences were not significant and we conclude that NFB performs as well as traditional, evidence-based therapies. Combining
NFB and traditional therapies did not increase the outcome effect.
Given our sample of a three-to-one ratio of males to females, these findings generalize to the wider autistic population, with no
expected significant therapy gains for individuals with autism versus those with comorbidities, or diagnoses other than ASD. Essentially,
NFB could work equally with males or females, younger or older children, with or without ASD. Increasing the number of sessions
appeared to increase the outcome score, although the correlation was weak.
Moreover, our study supports the argument and evidence for assessment-guided NFB protocols; however unlike past research
(which were based on qEEG data), we have used only minimap data, which involves small time samples at three points, Fz, Cz and Pz.
The minimap data, in combination with the presenting problem or challenging behavior, informed the protocols we adopted.
We know from existing research (e.g. Datko et al., 2018) that there are some protocols that work for specific problems. For
example, social activation can be achieved by training C4-A2. However, an extensive review of the current research in this field shows
that there are some fundamental flaws in reporting including the reference used in the montage used in the NFB training i.e. Cz-? (not
disclosed). In our opinion, research to date has been helpful in showing the efficacy of NFB but there has been poor progress in
identifying protocols that work for specific problems or pathology.
Essentially, we have not derived our protocols from research; we have derived our protocols from “minimaps” (limited EEG
data) and clinical knowledge, using protocols that have worked in a clinic setting, with commercial participants.
4.1. Limitations
The current study will not satisfy the research scientist with a desire to see findings based on methodological rigour. Yet, we
are cognizant of meta-analyses that show that comparison research like ours generate data equivalent to randomized, controlled methods,
even though there is a common assumption that these inflate effect sizes or lack validity (Benson & Hartz, 2000; Concato, Shah, Horwitz,
2000).
Nonetheless, these findings cannot be attributed solely to the interventions implemented because of the possibility of contextual
and unexplained factors. The contributing methodological factors leading to this conclusion include non-randomization of participants,
varied NFB training protocols in the groups receiving NFB, non-blinded participants and therapists, and the confounding contribution
of other therapies implemented at the time of our therapies e.g. speech therapy, occupational therapy. We cannot explain away contextual
factors except that they were probably equal across the three groups, and blinding participants might be easily done, however blinding
a trained NFB practitioner is very difficult and involves significant techniques in “sham” methodology. The presentation of EEG to the
practitioner during a sham training session is pre-recorded, unbeknownst to him or her, and the participant receives random reward.
Anecdotally, presenting pre-recorded or real EEG to experienced practitioners often causes error in guessing the authenticity of the
EEG, however it is not scientifically proven if “sham” NFB training fully blinds the practitioner that pre-recorded EEG is a live feed of
the participant’s EEG.
This study was based in a “real” clinical practice and represents traditional clinical routine. The participant attends an
appointment, discusses a challenging problem or behavior (s)he wants to reduce or eliminate and (s)he collaborates with the therapist
for a therapy type. The participant plays a role in the therapy (s)he would like to participate in, and, in that regard, these effects were
relatively equal across the groups. All participants chose the therapy that (s)he would like to receive and most received a benefit from
therapy to a moderate extent. These moderate improvements are equivalent to a 50% reduction in symptoms, therefore a response rate
in traditional clinical research terms.
In our opinion, due to contextual factors (like expectancy effects) we believe that the effects in this study may be larger than
produced in a randomized, controlled trial. Having said this, Begemann, Florisse, van Lutterveld, Kooyman and Sommer (2016) reported
a meta-analysis of NFB and autism trials and concluded large effect sizes for NFB compared with wait list controls on general
symptomatology. That is, our findings are probably not inflated and not skewed to a positive effect. It suggests that NFB in a real clinical
context is (at least) moderately efficacious as traditional evidence-based therapies.
In fact, there are many positives to NFB in clinics where individuals with autism are attempting to improve quality of life and
functioning. It is non-invasive with no side effects; there are no pre-requisite skills or education (like with CBT); the participant can be
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verbal or nonverbal (the positive effect does not discriminate based on receptive and expressive abilities, in our opinion); and the
improvements generalize to other areas of functioning not targeted in therapy.
In our opinion, these findings are not scientifically rigorous, and cannot rule out nonspecific effects or contaminating factors,
however they probably generalize to clinics that focus on ASD cases of children and young adults, with assessment-guided NFB
protocols, using practitioners with NFB experience ranging from less than 12 months to two years, guided by highly experienced EEG
therapists. Future research could focus on: a) assessing this therapeutic model, versus other service delivery models of NFB, b)
investigate the efficacy of NFB protocols with different presenting problems and behaviors of concern, and c) how strongly the number
of NFB sessions impact on outcome.
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Treating Autism Spectrum Disorder Using Pulsed EMF Therapy: A Case
Series Report
Joel Harmana * and Tim Hilla
a

Brain Therapy Centre, Adelaide, South Australia

Abstract
Autism Spectrum Disorder (ASD) is a complex, multifaceted developmental disability and presents significant challenges for intervention.
Applied Behaviour Analysis (ABA) is considered the standard of treatment for improving ASD symptoms but has limitations. Neuromodulation exists
as a possible additional intervention for Autism Spectrum Disorder (ASD) that may be helpful for younger, lower functioning people. This study
presents a series of 5 cases where young people with ASD were treated using transcranial pulsed electromagnetic field therapy (tPEMF). Pre- and posttreatment assessment using the Autism Treatment Evaluation Checklist (ATEC) revealed statistically significant improvements in total ATEC scores,
and qualitative improvements in symptoms were also reported. Future research should focus on developing a clinical trial protocol to address the
limitations of a case study methodology.
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1. Introduction
There remains a need for effective interventions for young children with Autism Spectrum Disorder (ASD). Applied Behaviour
Analysis (ABA) is a form of behaviour therapy (Lovaas, 1987), and is presently the behavioural treatment with the most evidence of
efficacy (Medavarapu, Marella, Sangem & Kairam, 2019). ABA requires a very strong commitment on the part of caregivers and most
research studies that have demonstrated improvements include a year or more of intensive training (Reichow, Hume, Barton & Boyd,
2018). Furthermore, there has been considerable variability in the outcomes of these studies with indications that this approach is more
successful for higher functioning children with ASD (Reichow et al.).
Ideally, additional therapies would be faster, more effective, less intensive, and could be used alongside traditional behavioural
methods. There are several biological and pharmacological interventions with empirical support for efficacy; however, these are beyond
the scope of this paper (see Medavarapu et al., 2019 for a review). Neuromodulation exists as an alternative form of treatment, which
may potentially have long-term benefits with little risk of harm. There are several modalities of neuromodulation, including EEG
biofeedback, transcranial direct current stimulation (tDCS), and transcranial pulsed electromagnetic field (tPEMF) therapy. tPEMF
neuromodulation provides stimulation using a low-power electromagnetic field applied trans cranially.
Studies of different neuromodulation modalities have demonstrated improvement in ASD symptoms (see Coben & Padlosky,
2007; Coben & Myers, 2009). These studies demonstrated significant improvements in symptoms of Autism. Many of these studies
used quantitative EEG (qEEG) guided EEG biofeedback methods and almost all focused on older children, and children with highfunctioning autism. There are several advantages to tPEMF therapy that make it well suited for lower functioning or younger individuals
with autism, and this is a group for which fewer treatment options exist (Medavarapu et al., 2019). tPEMF therapy is often brief and
applied passively, which can be beneficial for children with sensory sensitivity, anxiety, attentional difficulties and/or hyperactivity
(Larsen, 2012). There are several commercial systems for conducting tPEMF therapy, and one that is widely available is the Low Energy
Neurofeedback System (LENS; OchsLabs). LENS is a brief form of tPEMF therapy that provides transcranial tPEMF input at a
frequency that is similar to the participants’ own brain activity. In a LENS session, electrodes are applied to the client’s scalp and ear
lobes to measure their electroencephalogram (EEG). The LENS system then generates a tPEMF field that is briefly applied to the brain
using the same electrodes, and at a similar oscillatory frequency to the brain’s own dominant frequency (for more information about the
mechanisms of LENS, see Ochs, 2006).
tPEMF therapy has been investigated for treating depression (van Belkum, Bosker, Kortekaas, Beersma & Schoevers, 2016).
There is some evidence that tPEMF stimulates the release of Brain Derived Neurotrophic Factor (BDNF) in animals, which stimulated
neuronal growth (Li, Yan, Liu, Li, Hu, Sun & Tian, 2014), and that it reduces inflammation by reducing cytokine levels (Rasouli,
Lekhraj, White, Flamm, Pilla, Straunch & Casper, 2012). However, the mechanism of action is not definitively known.
There is a lack of empirical evidence for the efficacy of tPEMF for improving ASD symptoms. To our knowledge, one prior
case study has been published describing the effects of tPEMF therapy in 2 young, lower functioning twin girls with ASD (Cripe, 2006).
These cases demonstrated improvements in cognitive and social functioning and showed changes in EEG measures following treatment
with LENS therapy. In this case series, we intend to expand upon prior published work by sharing our experience with using tPEMF
therapy for five young, low functioning children diagnosed with ASD.
2. Methodology
2.1 Participant Identification
Participants were selected who met specified inclusion criteria. These criteria were having been diagnosed with Autism
Spectrum Disorder at level 2 or 3 severity, aged less than 8 years old when treatment commenced, having completed pre- and posttreatment assessment using the ATEC, and received at least 10 sessions of tPEMF in the previous 12 months.
2.2 Demographics
There were five participants who met the inclusion criteria. They were all male and aged from 2 years 10 months to 7 years 11
months at the time of pre-treatment assessment. They completed between 10 and 20 sessions of tPEMF over a period of between 2 and
4 months.
2.3 Assessment
Participants’ ASD symptoms were assessed using the ATEC (Mahapatra, Vyshedskiy, Martinez, Kannel, Braverman, Edelson
& Vyshedskiy, 2018). This is a caregiver-reported measure of 4 subscales of ASD symptoms: speech/language/communication,
sociability, sensory/cognitive awareness and health/physical/behaviour. Lower scores indicate less severe ASD symptoms and higher
scores indicate more severe symptoms. The ATEC was developed as a tool to measure changes in ASD symptoms over time, and
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normative ranges for expected developmental changes in ASD symptoms have been developed (Mahapatra, et al.). Participants were
assessed prior to commencing therapy, and again following 10 sessions of treatment.
2.4 Overview of Cases
Descriptions of the 5 cases involved in this case series are presented below. They are comprised of caregiver descriptions of
the child’s behaviors and summarized results for each of the pre-treatment ATEC domains.
Case C1:
C1 commenced treatment at the age of 6 years and 11 months. He had been diagnosed with an Autism Spectrum Disorder level 3 at 2
and a half years of age. He also had a diagnosis of moderate to severe intellectual disability and severe speech delay. C1 had prior
intervention with occupational therapy and had ongoing speech therapy. He also had previous intervention using ABA.
ATEC Speech/Language/Communication – C1 was able to speak approximately 10 words but was unable to speak in sentences. He
could use 1,2 or 3 words at a time. Speech was not meaningful or relevant and no conversation was evident.
ATEC sociability – C1 had low social interest and generally avoided contact with others.
ATEC sensory/cognitive/awareness – C1 was described as someone with very limited understanding and was often unresponsive to both
verbal and non-verbal communication.
ATEC health/physical/behaviour – Issues included constant bed wetting, anxiety and auditory sensitivity. C1 had rigid routines and
could be fixated on certain topics.
Case C2:
C2 undertook his first treatment session when 2 years and 11 months of age. At 2 years and 5 months of age C2 was diagnosed with
Autism Spectrum Disorder level 3. C2 had severe language delay.
ATEC Speech/Language/Communication – C2’s language was generally non-existent except for the use of the word “no”.
ATEC sociability – C2 was described as indifferent to others and was described as uncooperative with requests. He showed no eye
contact and preferred to be alone.
ATEC sensory/cognitive/awareness – C2 was considered generally unresponsive to pictures and to his name and showed little external
awareness.
ATEC health/physical/behaviour – C2 suffered from gastro-intestinal issues, sleep problems and could have outbursts of shouting and
screaming.
Case C3:
C3 commenced treatment at 7 years and 11 months of age.
C3 had been diagnosed with Autism Spectrum Disorder level 2 at 4 years of age. He previously had undertaken ABA, occupational
therapy and speech therapy. C3 had been prescribed risperidone which he took daily.
ATEC Speech/Language/Communication – C3 was able to use sentences of 4 or more words and was able to converse with others but
was not able to communicate at age equivalent level.
ATEC sociability – C3 could be affectionate and cooperative but did not share with others and seemed indifferent to being liked.
ATEC sensory/cognitive/awareness – He played with toys appropriately and had some understanding of stories and could be imaginative
on occasion.
ATEC health/physical/behaviour – Anxiety was a primary issue. He was sensitive to sound, had rigid routines, obsessive speech, was
often agitated, could shout and scream and would occasionally hit others. He was very inflexible.
Case C4:
C4 commenced treatment at 3 years and 5 months of age.
His diagnosis of Autism Spectrum Disorder level 3 was confirmed 2 weeks prior to treatment. C3 had previously been diagnosed with
language delay and had undertaken speech therapy and occupational therapy.
ATEC Speech/Language/Communication – He responded to his name inconsistently and would sometimes respond to “no” and “stop”.
He made single word utterances only.
ATEC sociability – C4 was generally indifferent to others and showed no eye contact, and displayed some temper tantrums.
ATEC sensory/cognitive/awareness – He responded to praise inconsistently. He did exhibit some curiosity and looked at pictures and
sometimes played with toys.
ATEC health/physical/behaviour – C4 had a limited diet and was described as anxious and insensitive to pain.
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Case C5:
C5 commenced treatment at 7 years and 6 months of age.
C5 was diagnosed with Autism Spectrum Disorder level 3 when 1 year 10 months of age. He also had a diagnosis of intellectual
disability. C5’s speech and language were significantly delayed although his early physical milestones were within normal limits. C5
had previously undertaken both speech and occupational therapy.
ATEC Speech/Language/Communication – C5 responded to his own name inconsistently and at times used single words but was unable
to follow directions.
ATEC sociability – He typically ignored others, was uncooperative and preferred to be on his own. He was insensitive to other’s feelings.
ATEC sensory/cognitive/awareness – He responded to praise and his own name on occasion. He looked at pictures sometimes and
played with some toys appropriately. He was unable to follow stories.
ATEC health/physical/behaviour – C5 experienced frequent bed wetting and soiling, would hit and injure others and had obsessive
speech and rigid routines.
2.5 Treatment
Participants were treated with tPEMF therapy using the LENSware 3 system (Ochs, 2006). For all clients, LENS was
administered once per week. 3 participants completed 20 sessions of therapy, one completed 14 sessions and one completed 10 sessions.
All participants received tPEMF feedback from a single channel A200 amplifier with the scalp electrode placed according the
international 10-20 system. Reference and ground electrodes were placed at A1 and A2, respectively. Impedance was less than 10kOhm.
Treatment duration ranged from 1-2 seconds per treatment, and 1-2 sites were chosen for treatment per session. There is limited
published information on specific treatment protocol selection (see Larsen, Harrington & Hicks, 2006), and protocol selections were
made based on clinical judgement for each case.
3. Results
3.1 Qualitative outcomes
The largest qualitative changes in parent ratings were found in the ATEC domains of speech/language/communication,
sociability and sensory/cognitive/awareness. Changes in ratings relating to health and physical behaviours were less evident. While the
areas of most significant improvement varied from child to child, improvement in the ratings relating to descriptions of improved
external awareness was a common factor amongst all five children. This included ratings on items such as ‘playing with toys more
appropriately,’ ‘increased interest in looking at pictures,’ and ‘greater curiosity and more exploration of their immediate environment.’
3.2 Quantitative outcomes
ATEC domain pre- and post-treatment scores for each case are presented in Table 1:
Table 1: Comparison of pre- and post-treatment ATEC total scores

ID

Speech
Pre

Speech
Post

Sociability
Pre

Sociability
Post

Awareness Pre

Awareness
Post

Health
Pre

Health
Post

C1
C2
C3
C4
C5

27.00
19.00
5.00
25.00
21.00

22.00
15.00
5.00
14.00
4.00

37.00
30.00
13.00
30.00
15.00

17.00
22.00
9.00
20.00
6.00

33.00
25.00
19.00
28.00
18.00

18.00
18.00
13.00
20.00
6.00

14.00
24.00
29.00
38.00
11.00

6.00
19.00
20.00
31.00
11.00

Total
Pre
111
98
66
121
65

Total
Post
63
74
47
85
27

Table 1 shows a reduction in total ATEC scores from pre- to post-treatment for all clients. A paired samples T-test was conducted to
compare the post-treatment ATEC total score with the pre-treatment ATEC total score. There was a significant difference between the
pre-treatment (M=99.0, SD= 25.7) and post-treatment (M=59.2, SD=22.83) total ATEC scores (t(8)=2.59, p=0.032).
4. Discussion
The outcomes of this case series indicate a statistically significant difference between pre- and post-treatment ATEC total
scores in young boys with Autism treated using LENS tPEMF therapy. This suggests that treatment using tPEMF significantly reduced
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symptoms of Autism as measured by parent ratings. Ratings relating to communication skills, sociability, cognitive awareness and
general behaviour all improved significantly over a reasonably short period of treatment. This suggests the possibility that this could be
a very appropriate early intervention for young autistic children. This is of particular significance, given the limited evidence-based
interventions currently available for this population, and the agreed advantages of intervention that can be provided during the early
developmental period.
Despite a very limited sample size, a statistical comparison of pre- and post-treatment ATEC total scores reached statistical
significance. This highlights the need for further study involving a larger sample to investigate whether this effect is consistent and
replicable. When compared to the ATEC’s normative developmental predictions (Mahapatra, et al, 2018), the results showed
improvements consistent with 1-2 years of development within 10-20 weeks of treatment. However, given the small sample and short
time interval between assessments, a statistical comparison with these published norms would not be valid. This could be addressed by
completing a 12-month follow-up ATEC assessment.
4.1 Limitations
This study has several limitations that must be taken into consideration. The first is that we are reporting on the outcomes of
just 5 clients, all of whom were young males. This is not a highly representative sample and limits the generalisability of the results.
Although statistically significant, quantitative outcomes should be interpreted with a great deal of caution. These is clearly a need for a
study using a larger and more representative sample.
Assessment was also conducted using caregiver-rated questionnaires. These may be subject to observation bias, which may
have inflated the significance of the findings. The clinicians involved in this study were also not blinded, participants were not
randomised, and treatment was not standardised. These are all limitations that would need to be addressed in a larger study. Pre- and
post-treatment Assessment of EEG would be useful to quantify changes in physiology as a result of treatment. However, EEG assessment
is often challenging due to the sensory sensitivity, hyperactivity and/or anxiety that is often seen in young people with ASD.
The clients involved in the study were also undertaking other treatments such as speech pathology, occupational therapy and
ABA alongside tPEMF therapy. This makes differentiation of treatment effects challenging, although it is also possible that tPEMF
therapy may contribute to improvements achieved with other treatment modalities. Future studies could focus on the outcomes associated
with combining therapeutic interventions, or by using a waitlist control design to account for improvements from other modalities.
4.2 Future directions
Despite these potential confounding factors, one value of a small case series such as this is to provide some preliminary data
that might help inform the design of an experimental study. Future studies on this topic should develop a standardised treatment protocol.
This would aid in replication of the results and would also help to determine the most useful treatment frequency, intensity and duration.
In addition, the inclusion of a control group and randomised, blinded design would be helpful to limit observation and selection biases.
5. Conclusion
This case series has provided some preliminary outcome data on the use of tPEMF therapy for young children with ASD. We
have also highlighted the need for thorough empirical investigation and provided suggestions for the design of a clinical trial to
investigate the effects of tPEMF on symptoms of ASD. There are clearly many gaps remaining, but there are indications that this may
be a promising direction for future research.
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