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Abstract  

Brain neuroimaging studies have found that social anxiety disorder (SAD) is correlated with aberration in regional or network-level 

brain function. In this study, SAD-related alternation in brain connections within the default mode network (DMN) was investigated. Partial 

directed coherence (PDC) was used to assess the causal influences of DMN regions on each other and indicate the changes in the DMN effective 

network related to SAD severity. Electroencephalogram (EEG) data were collected from 89 subjects (control, mild, moderate, severe), and a causal 

network between eight fundamental regions belonging to the DMN was established. Among the healthy control (HC) and the three considered 

levels of severity of SAD, the results indicated a higher level of causal interactions for the mild and moderate SAD groups than for the severe and 

HC groups. Between the control and the severe SAD groups, the results indicated a higher level of causal connections for the control throughout 

all the DMN regions. We found significant increases in the mean PDC in the delta and alpha bands between the SAD groups. Among the DMN 

regions, the precuneus exhibited a higher level of causal influence than other regions. Therefore, it was suggested to be a major source hub that 

contributes to the mental exploration and emotional content of SAD. In contrast to the severe group, the HC exhibited a higher resting-state 

connectivity at the mPFC, providing evidence for mPFC dysfunction in the severe SAD group. Furthermore, the total Social Interaction Anxiety 

Scale (SIAS) scores were positively correlated with the mean values of the PDC of the severe SAD group and negatively correlated with those of 

the HC group. This study reveals the network measures for several SAD groups in the DMN at different frequency bands. The reported results 

may facilitate greater comprehension of the underlying potential SAD neural biomarkers and can be used to characterize possible targets for further 
medication.  

© 2021 Published jointly by ANSA and APNA societies of Australasia and ASEAN Countries. Selected and peer-review by editorial 

board of Asia Pacific Journal of Neuro therapy (APJNT). 

Keywords: Effective connectivity network, Granger causality (GC), Social Anxiety Disorder (SAD), Default Mode Network (DMN), Electrophysiological biomarkers 
(EEG), Partial directed coherence (PDC). 
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1. Introduction  

Social anxiety disorder (SAD), sometimes referred to as social phobia, is one of the most negative common mental 

disorders caused by an overwhelming fear of negative evaluation by others in social situations. SAD is an intense persistent fear 

with a current lifetime prevalence between 8.4 and 15 %. SAD is associated with a general trepidation and avoidance of social 

situations (Stein et al., 2008). It is believed to be correlated with additional negative conditions and behaviors, such as abuse and 

destructive use of substances, insomnia disorder, depression, mood disorder, and even suicidal behavior (Kessler et al., 1999), 

(Koyuncu et al., 2019), (Lemyre et al., 2019). Generally, SAD is found to extremely affect both the physical and psychological 

behaviors of individuals (Von Dawans et al., 2018). Thus, SAD recognition is a crucial element in different domains such as 

characterizing the level of individuals' mental and physical states, recognizing the level of anxiety, quantifying stress in social 

situations. 

To strengthen research in SAD recognition and provide effective therapy for individuals with SAD, researchers and 

clinicians attempted to have effective evaluation instruments for characterizing the disorder in terms of its diagnostic basis. Different 

biomarkers including heart rate (HR) and electrocardiogram (ECG), physiological alterations between sequential heartbeats, 

electrodermal response, and neuro-electrophysiological signals have been used to assess the severity of SAD (Pittig et al., 2018). 

There are many functional brain imaging mechanisms developed to evaluate the brain functions that can be used to acquire 

substantial information related to brain activity of patients with SAD. Among these techniques, electroencephalogram signals (EEG) 

is the most common mechanism of estimating electric fields potentials generated by various neural activities of the brain. 

Furthermore, the EEG can be captured noninvasively, with portable EEG machine and cost-effective than other neuroimaging 

techniques that are utilized in SAD diagnosis. The neural cells transmit information to each other by electrical impulses (cells 

communication) ( Hoehn Saric, 1982). These neuroelectrical impulses generated inside the brain can be captured and recorded by 

the metal electrodes mounted on the scalp with the assistance of EEG amplifiers. The EEG measures make it feasible to extract 

significant information about different emotional states (e.g., anxiety, depression). Recent research in neuroscience has proven that 

SAD affects the neural activities within the human brain ( Wolpaw et al., 2002), ( Brigham et al., 2010). SAD is correlated with a 

perturbation in the neural communication system involved in emotional self-regulation, perceptual stimulus distortion, and 

emotional stability characteristics. An extensive review of the major frequently deliberated EEG biomarkers related to SAD is 

summarized in this recent article ( Al-Ezzi et al., 2020).  

2. Default Mode Network 

In neuroscience, the default mode network (DMN) is a large-scale brain network essentially made of the mesial prefrontal 

cortex (mPFC), posterior cingulate cortex (PCC)/precuneus, and lateral partial cortex (angular and supramarginal gyrus) (Tao et al., 

2015). It is best recognized for being active when a person is not concentrated on the external world and the brain is at vigilant rest, 

such as during self-referential and mind-wandering (Lin et al., 2017).  Additionally, the DMN is also can be found to be active when 

a person thinks about themselves, about others, retrieval of memory, and future planning (Sheline et al., 2017). On the other hand, 

the DMN was primarily found to be deactivated in goal-oriented tasks (e.g., physical activities, attentional tasks, and arithmetic 

tasks) . Neuroscience suggests that the DMN is able to contribute to the neuropsychological investigation of cognitive and social 

functionality, which can assist in delineating the neural biomarkers of SAD (Qiu et al., 2011). The DMN network has been involved 

in cognitive processes and many different brain activities such as spatial cognition, social cognition, attention, and motor intent, and 

higher cognitive functions. 

DMN impairment is found to be involved in some mental pathology conditions, including autism (Spencer et al., 2012) 

and depression (Sheline et al., 2017). Moreover, this dysfunction can serve as the foundation of self-information regulation and 

emotional process bias in the SAD (Ding J. et al., 2011). The resting-state functional connectivity (FC) features in the DMN of SAD 

patients and HCs were compared and the findings revealed that the FC between different cortical regions in the aged people was 

greater than in the youths (Chen et al., 2013). Furthermore, the influence of SAD on the prefrontal brain was estimated using 

structural and functional MRI studies (Andreescu et al., 2014). Specifically, in HCs and SAD individuals, a variance was observed 

in the resting-state FC between the hippocampus and the limbic-prefrontal circuit in the DMN network (Chen et al., 2013). The 

DMN has revealed greater connectome in the resting state when an individual was more focused internally rather than externally or 

on attention-demanding tasks (Tao et al., 2015). However, up till this, no specific study has investigated the severity assessment of 

SAD using effective connectivity in DMN network.  

3. Effective connectivity  

Effective connectivity (EC) is defined as the influence that a set of neurons exerts over another under a network model of 

causal dynamics and is inferred from a model of neuronal integration, which defines the mechanisms of neuronal coupling (Valdes-

Sosa et al., 2011). Brain connectivity is established when neurons of one brain region are coupled with neurons of other brain regions 

and associate dynamically by regulating their rhythms with each other. Recently, there has been growing interest among researchers 

in studying both normal and pathological brain functions not only through variations in activation between brain areas, but also via 

interactions among the neural assemblies dispersed over different brain regions (Beaty et al., 2019). This network of interactions 

between various regions of the brain is called brain connectivity (Busby et al., 2019). Brain connectivity can be explained in terms 

of structural, functional, and effective connectivity. Fibre pathways physically extend from one brain region to another, representing 

structural connectivity (Sokolov et al., 2019). These fiber tracts can be best observed using MRI and diffusion tensor imaging (DTI) 

technique (Richards et al., 2015). Apart from being structurally connected, brain regions may become functionally connected, i.e., 

the neuronal activities among different brain regions become statistically dependent while performing a function. This type of 
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statistical dependence is commonly referred to as functional connectivity (FC)  (Greicius et al., 2009). To avoid the fundamental 

drawbacks of FC, in terms of its bidirectional nature and susceptibility to connection with a third party, a relatively new concept 

called effective connectivity (EC), was proposed (Valdes-Sosa et al., 2011). EC reflects the causal interaction between the driver 

(initiating external force) and the response (the driven system); it has a more direct influence on one neural system of a brain region 

than over others and defines dynamic directional interaction among them (Valdes-Sosa et al., 2011). This influence can be directly 

estimated through signals and called data-driven EC or is named based on a model that specifies causal links among different brain 

regions, termed model-driven EC (Bakhshayesh et al., 2019). An fMRI-based resting state study (Liao W. et al., 2010) was the first 

study to reveal and quantify an abnormal brain network via the assessment of EC in individuals with SAD. The effect of the ventral 

cerebral cortex on the amygdala was found to be reduced in the SAD group significantly more than in the HC group, while the 

causal effect between the limbic system (amygdalan components) and the visual cortex was increased using GC analysis. In a 

previous study (Sladky et al., 2013), SAD patients showed a positive correlation between the frontal cortex and the amygdala, which 

indicates the presence of excitatory connectivity. An abnormal amygdala is often found in patients with SAD (Engel et al., 2001), 

(Freitas-Ferrari et al., 2010) based on EC. 

4. Materials and methods  

4.1. Participants  

We recruited 88 subjects from 502 respondents who recorded their self-assessment of the SIAS and were aged between 

18–24 years, 36 females (mean (M) =21.97, standard deviation (SD) = 0.98), and 53 males (M=22.73, SD=0.84). The diagnostic 

procedure was on the basis of the Structured Clinical Interview for DSM-IV (Ventura et al., 1998) and the clinical administered 

Social Interaction Anxiety Scale (SIAS; (Liebowitz et al., 1985) determined the severity of SAD. Accordingly, the participants were 

assigned to four different categories: control (SAIS score < 20), mild (SIAS score < 35), moderate (SIAS score < 50), and severe 

(SIAS score ≥ 50). None of the participants had any history of psychotropic medications, neurological, or surgical disabilities, which 

may impair brain function or metabolic functions. Participants with major mental illness (e.g., bipolar, psychotic, and other 

disorders) were excluded. 

4.2. Experimental design 

The resting-state (RS) recordings were conducted completely at the EEG laboratory. Participants were instructed to be 

seated comfortably,   let their minds wander freely with their eyes closed, in a quiet, mid-dark room; EEG-RS data were recorded 

for approximately 4–6 min.  Real-time EEG data were consistently recorded in RSN using a referential 32-channel shielded cap 

(ANT Neuro, Enschede, Netherlands). The electrodes were mounted according to the international standard 10–20 system with 

impedances maintained below 10 kΩ. Moreover, the procedure for this study has been closely reviewed, endorsed, and approved 

by the Medical Science Ethics Committee of the Royal College of Medicine of Perak, Kuala Lumpur University 

4.3. EEG Acquisition and EEG data processing 

 The electrophysiological information was recorded at a sampling rate of 2048 Hz and was later downsampled to 256 Hz. 

The original EEG dataset was then pre-processed offline to eliminate unnecessary data (noised segments) by using BESA research 

toolbox 6.0. To eliminate the high-frequency electrocortical artifacts, signal noise, and low-frequency deflections, we applied a 

band-pass filter to acquire the superlative segments between the frequency range of 0.4 and 50 Hz. Artifacts such as eye blinks, eye 

motions, breathing, power interference, and cardiac movements were visually inspected and discarded. We have also applied spatial 

filters based on artifact detection and correction and brain signal topographies provided by BESA [59]. Moreover, we used the 

following open-source toolboxes: EEGLAB for topographic map visualization (Delorme et al., 2004).  To compute the directed 

causal coherence  (i.e., PDC) among channel pairs, RS data was segmented into 3-second trials (a total of 180 s), which is in the 

range of other RS studies (Yu M. et al., 2016), (Fraga González et al., 2016). Each subject’s data was calculated to find the average 

values for all segments. Specifically, the averaged spectral effective connectivity was computed separately for every channel 

considering the following frequency bands: delta (1–3 Hz), theta (4–8 Hz), alpha (9–12 Hz), and beta (13–30 Hz). The whole process 

of our study is shown in Fig.1. 

4.4. Partial directed coherence (PDC) 

The conception of PDC was proposed by Baccala and Sameshima in 2001 (Baccalá et al., 2001), put forward a new 

frequency-domain method for the description of Granger Causality (GC). However, the PDC provides another estimation technique 

for the association between a pair of neuronal signals, which defines the correlation between regions i and j. The PDC from channel 

j to channel i indicates the directional flow of information from one activity site in to another. As mentioned earlier, these PDC 

values are in the range of [0, 1] (Baccalá et al., 2001). Compared with the functional connectivity computed using the coherence 

algorithms, the effective connection computed by the PDC is a directional value representing the causal interaction, i.e., the influence 

of one neuron system over another. Moreover, the PDC has the ability to identify the indirect and direct connections between 

processes by removing the impacts of all other channels in the system (Blinowska, 2011).  
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Generally, an MVAR model with a number of cortical DMN regions (m electrodes) of EEG signals and order p is defined 

as follows:   

X(𝑡) = ∑ 𝐴 (𝑟) X (𝑡 − 𝑟) + E(𝑡)
p
r=1 ,       (1) 

where  

𝐴𝑙 = [
𝑎1(𝑙) ⋯ 𝑎1𝑛(𝑙)

⋮ … ⋮
𝑎𝑛(𝑙) … 𝑎𝑛𝑛(𝑙)

],          (2) 

is the coefficient matrix at the time lag (l).   

where, X (t) represents the weight vector of m electrodes of EEG signals at time t, matrix A (r) indicates the 𝑟𝑡ℎ order AR parameters, 

and E (t) represents the measured error that is believed to be an independent Gaussian process with zero mean. When the coefficients 

of the MVAR model are adequately calculated, A (F) is determined as follows:  

A(𝐹) = ∑ A(𝑟)e−𝑖2𝜋𝑓𝑟 ,
p
r=1          (3)   

Therefore, the PDC value from channel j to channel i can be expressed as follows:  

PDCij (𝑓) =
𝐴𝑖𝑗 (𝑓)−

√𝑎𝑗−𝐻 (𝑓)aj−(𝑓)
 ,        (4) 

where, āi (f) (i = 1, 2, …M) represents the 𝑖𝑡ℎ column of the matrix Ā(f) and PDCij represents the directional influence and intensity 

of the information flow from channel j to channel i at a frequency of f.   

4.5. EEG source localization 

The acquired EEG signals can be used to perform the inverse problem to define the exact locations and current distribution 

of the predominant sources of the neurons that are synchronously and simultaneously active. To provide more validity to this 

approach, an additional source localization analysis of all frequency oscillations (0.4–50Hz) in RS was performed using exact low-

 

Fig.1. Block diagram for the EEG data analysis module to identify the parameters of the EC network based on the EC. 
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resolution brain electromagnetic tomography (eLORETA) in search of the active sources generating the scalp potentials (Pascual-

Marqui et al., 2011). The eLORETA mechanism is a discrete, three-dimensional (3D) distributed, linear, weighted minimum norm 

inverse solution and has the ability to reconstruct intercortical activity with correct localization from scalp EEG data (Grech R. et 

al., 2008), ( Lopez Rincon et al., 2016). The source model of eLORETA and the cerebral region coordinates are established based 

on the Montreal Neurological Institute average MRI brain map (MNI) with 15000 vertices of the cortex surface as reported in 

(Imperatori et al., 2014). The algorithm of eLORETA is explained  in detail in (Pascual-Marqui, 1985). We have excluded the non-

active cortical areas from further EC analysis. Eight (8) electrodes were found to be active among all subjects (e.g., F3, F4, Fz, CP5, 

CP6, P3, P4, and Pz). Directed connectivity weights between these active regions were calculated for each artifact-free EEG segment 

in the following frequency bands: delta (1–3 Hz), theta (4–8 Hz), alpha (9–12 Hz), low beta (13-21) and high beta (22–30 Hz).  

4.6. Power analysis and EEG frequency decomposition 

The constructed EEG signals and all epoch’s parameters are coordinated with PDC and Fast-Fourier transforms. All 

subject's data were segmented and averaged across all EEG channels and the mean absolute power measures were computed for 

each of the following frequency bands: Delta (0.5–4 Hz), Theta (4–8 Hz), Alpha (8–12 Hz), Beta (13–30 Hz). A 50% overlapping 

Hanning window was applied to minimize spectral leakage. 

4.7. Statistical analysis  

All the statistical findings were presented as the mean ± SD. The analysis of mean variances in our study included two 

independent variables and one dependent variable (Group: severe, average, mild and controlled) * (Regions; F3, F4, P3, P4 ...) * 

(DMN EC values)); therefore, a one-way bivariate ANOVA and Tukey’s HSD post-hoc test for various comparisons (p < 0.05) 

were performed to assess the main significant differences between SAD groups. To assess the effect of the region on the EC data, 

an ANOVA test (p < 0.05) was performed to identify the significant differences between the DMN regions and EC measures. 

Additionally, the Pearson correlation coefficients between the SIAS scores and the mean EC in the resting-state DMN were 

calculated separately for each group (control, moderate, medium, and severe). After computing these spectral EC values, we 

examined how the EC values varied among SAD groups. SPSS (version 25.0.0.0, IBM Corp., Armonk, NY) was used for all the 

statistical analyses. 

5. Result and discussion  

5.1. Subjective data analysis 

Initially, we examined the self-assessment reports data to determine the group differences in different frequency bands. 

The total calculated percentages of the SAD groups—control, mild, average, and severe—were 18.38%, 27.09%, 26.12%, and 

28.38%, respectively. The participants’ responses in the questionnaires were subjected to an analysis of variance (ANOVAs) and 

the nonparametric test (Mann–Whitney) for parameters that were not normally distributed. However, the analysis did not exhibit 

any group differences in the age, F (1, 88) = 2.664, p = 054, η 2 = 0.093. Compared to all groups, severe participants have exhibited 

significantly higher SAD scores during the experiment: F (1, 88) = 31.06, p = 0.001, η 2 = 0.53. 

5.2. Effective Connectivity in Different Frequency Bands 

EC analysis was performed on artifact-free time series with smaller frequency rates to calculate the mean EEG activation 

in three DMN source-localized brain areas (PCC/Precuneus (PZ), LPC (CP5, CP6, P3, and P4), and mPFC/vmPFC (F3, F4, and 

FZ)). In the first experiment, the EC was calculated over the control, mild, average, and severe SAD groups and averaged within 

the subjects of each group. Then, the EC values were filtered into the different frequency rhythms (delta, theta, alpha, low beta, and 

high beta), as shown in Fig. 2.  

 

 

 

 

 

 

 Fig.2. Average values of the EC across different frequency bands 
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The results in Fig. 2 indicate the significant difference among the four SAD groups (severe, average, mild, and control) in 

the delta and alpha bands: F (3, 252) = 3.937, p < 0.009, η 2 = 0.1 and F (3, 252) = 3.766, p < 0.01, η 2 = 0.1, respectively. In 

contrast to the alpha and delta bands, no significant differences in theta F (3, 252) = 1.98, p < 0.09, η2 = 0.51) and low beta (F (3, 

252) = 0.410, p < 0.746, η 2 = 0.1) bands. In the delta band, post-hoc testing revealed significant 0.1466, SD = 0.3057) and mild (M 

= 0.1064, SD = 0.1586), while the control and severe groups exhibited less effective connections of (M = 0.0563, SD = 0.0512) and 

(M = 0.0514, SD = 0.1052), respectively were observed in the high beta (F (3, 252) = 1.571, p < 0.196, η2 = 0.1) and low beta (F 

(3, 252) = 0.410, p < 0.746, η 2 = 0.1) bands. This suggests that there were stronger connections among the DMN regions in the 

average and mild groups compared with the severe and control groups. The average and mild groups are found to show more 

functional control and strong attention compared to the severe group (Al-Ezzi et al., 2021), (Al-Ezzi et al., 2021). Moreover, in the 

alpha band, post-hoc testing revealed significant differences in the EC strengths between the groups; severe (M = 0.0587, SD = 

0.0466), average (M = 0.0776, SD = 0.0707), control (M = 0.0797, SD = 0.0641), mild (M = 0.0501, SD = 0.0529). This indicates 

a stronger alpha connection in severe, average, and control groups more than mild group. Furthermore, the results indicated 

significant differences in the theta band between the severe and HC groups for F (3,252) = 2.389, p < 0.05, η 2 = 0.1, (M = 0.0141, 

SD = 0.0098), (M = 0.0216, SD = 0.0209), respectively. However, the results revealed no significant difference between the rest of 

the groups, F (3, 252) = 2.389, p <.069, η 2 = 0.1, average (M = 0.0163, SD = 0.0024), and mild (M = 0.0147, SD = 0.0024). As 

mentioned previously, the high beta and low beta did not exhibit any significant differences between any groups ((3, 252) = 1.571, 

p < 0.196, η 2 = 0.1), F (3, 252) = .410, p < .746, η 2 = 0.1). In the high beta band, the mean EC values were as follows: severe (M 

= 0.0242, SD = 0.0200), average (M = 0.0371, SD = 0.0515), mild (M = 0.278, SD = 0.034), and differences between the two 

different groups of average (M = control (M = 0.291, SD = 0.0356). 

In the low beta band, the mean EC values were as follows: severe (M = 0.23, SD = 0.0172), average (M = 0.251, SD = 

0.0286), mild (M = 0.254, SD = 0.0244), and control (M = 0.022, SD = q0.0178). The topographic mapping of averaged mean EC 

values at the various DMN regions during the resting-state are shown at different EEG bands in Fig. 3.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Topological maps of the mean total EC for all four SAD groups in the frequency bands. Red indicates a greater EC; blue indicates a smaller 

EC. 
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Clearly, the precuneus region exhibited the strongest EC among the DMN regions. To address these differences 

statistically, Table 1 presents the ANOVA comparisons between EC values over the DMN regions. Fig. 4 presents the distribution 

of the EC over the DMN regions at the different EEG bands. The results indicated greater EC values in the alpha and delta frequency 

bands in DMN regions compared with the other frequency bands for all four groups. Among the DMN regions, the delta and alpha 

bands were higher in the LPC and precuneus than in the other DMN regions, in agreement with previous findings (Knyazev et al., 

2004). Therefore, the PCC/precuneus is suggested to be a major source hub that contributes to the function and mechanism of 

cognitive exploration and emotional states of SAD. This fact might be helpful for the design of an effective evolutionary approach 

in social emotions to provide a conducive perception of the emotional environment in SAD. The ANOVA test in the ROI analysis 

revealed significantly greater EC values in the precuneus than in all other ROIs  (Amodio et al., 2006). The reported findings are 

consistent with those for the DMN (Raichle et al., 2001). Moreover, the findings reveal that the precuneus is more active when 

individuals with SAD are in the DMN resting state, and it is implicated in a neural network of self-awareness, autobiographical 

tasks (Spreng, 2012) , cognitive interpretation and future planning (Northoff et al., 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Relationship between the EC connectivity and the regional DMN areas. 
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TABLE 1: ANOVA COMPARISONS BETWEEN EC VALUES, SAD GROUPS AND DMN REGIONS 

 

 

 

 

 

 

 

 

 

 

Conclusion 

This study was the first investigation of the DMN-EC network for SAD in different frequency bands. The use of directed 

EC estimates was suggested, and networks were identified via PDC analysis to evaluate the effect of SAD in DMN brain areas. 

Therefore, our findings indicated that individuals with SAD not only had abnormal alteration processing of certain socially anxious 

triggers but also exhibited stronger disturbance emotion processing in the basic nervous system pathway. The results reported herein 

are useful for the development of cognitive therapy models and the treatment of SAD. We reported a discriminatory deterioration 

or abnormality in the neural activity of the precuneus, mPFC, and LPC in severe SAD patients. It is believed that these regions with 

abnormal activations are biomarkers of SAD, representing the rudimentary pathophysiology and deficiency in the SAD groups. 

Overall, the subjective and behavioral findings indicate that EEG observations of the effects of SAD on emotional and cognitive 

processes in the DMN can serve as valuable biomarker indices for SAD diagnosis and treatment. Our analysis framework can be 

utilized in neuroscience research. 
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Abstract 

This article aims to describe a basic working and understanding of how the brain “pattern matches” combined with the use of a basic 

Audio-Visual Entrainment (AVE) as an effective yet affordable treatment. The integration of neuroscience and AVE is an alternative approach to 

relying on a single treatment modality. This approach involves applying the “APET” model, which is a practical application of knowledge derived 

from Neuroscience and working collaboratively with the patient to co-create a personalized “empowering preferred future” to “pattern match” – a 

new response to override the old mal-adaptive behavior and thinking, thus accelerating the process of change. The AVE is subsequently introduced 

as an adjunct to reinforce the positive changes and progress. This results in a self-directed motivation to act on the changes. The outcome of this 

study suggests that while skilled delivery of the ‘APET’ model is necessary, the delivery of the AVE protocol requires minimal supervision and 

training, hence minimising the cost of treatment while delivering positive outcomes. 

© 2021 Published jointly by ANSA and APNA societies of Australasia and ASEAN Countries. Selected and peer-review by editorial 

board of Asia Pacific Journal of Neuro therapy (APJNT). 

Keywords: Hypnosis Informed Neuroscience; Audio-Visual Entrainment (AVE); Neocortex; Pattern  match; Amygdala; Thalamus.  
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1. Background 

Audio-visual Stimulation (AVS) is often used interchangeably with the term “Light and sound machine” to 

increase/enhance brain activity. The word “entrainment” was introduced to train a particular brain activity (Bartley, 1937; Jasper, 

1936).  Using lights that are pulsed into the eyes and tones pulsed into the ears at certain frequencies, research findings indicated 

that nerve pathways from the eyes and ears carry the potentials into the thalamus (Siever, 2014). Studies in Neuroscience indicated 

that the thalamus is the gateway to gain access into the brain regions (Ward, 2013; Wolff & Vann, 2019).  With a myriad of treatment 

options, length of treatment and affordability, AVS is a no-frills, cost saving treatment option when combined with Hypnosis instead 

of the conventional Neurofeedback treatment protocol which can take up to 40 sessions for a significant outcome (Mauro & Cermak, 

2006; Berg & Siever, 2009; Marzbani, Marateb & Mansourian, 2016; Chapin, 2016; Moyosola, Alexandru, Nicole, Monadel, 

Pavaloiu and Boiangiu, 2019). Hypnosis is integrated into the treatment because of the human brain’s naturalistic ability to enter 

into the different brainwaves through focus attention and deep relaxation– Beta (12-35Hz), Alpha (8-12Hz), Theta (4-8Hz) and 

Delta (0.5-4Hz) brainwaves.  Dr. Thomas Budzynski, one of the Neurofeedback pioneers reported using light and sound stimulation 

to assist his client to maintain at Theta brain state (4-8Hz) during psychotherapy (Budznnski, 1992).  In this case study, hypnosis is 

used in tandem with David Pro Delight, an Audio-Visual Entrainment (AVE) device to accelerate behavioural change.  

2. Case Presentation  

This case involves the treatment of a 21-year- old woman who is addicted to gaming, socially isolated and lacking 

motivation. I shall refer to her as Jane. Although qualified as a technician in the engineering sector, Jane is not motivated to gain 

employment. She spends 14 hours daily on gaming and has no social skills. Her only response to any questions is, “I don’t know!” 

Jane was referred by the Hospital’s Medical Social Worker as they did not find anything biologically wrong with her. However,  

concerns were raised that she was addicted to gaming for long hours, was socially isolated and unable to articulate or express her 

needs. She has been having this problem for over five years, with the last year prior to therapy being the most intense, leading to 

complete isolation from family, friends, and society in general. Jane has never received any prior treatment for her condition. 

2.1. Preliminary Assessment 

My preliminary assessment of Jane encompasses the physical, cognitive or verbal communication style and affective state. 

Physically, Jane suffers from interrupted sleep and her dressing reflects her lack of concern for her physical appearance. She is 

dressed in casual home attire and mildly overweight. Jane’s affective state is “flat”, and nothing appears to raise her emotions. Her 

cognitive or verbal communication style is limited to a single response, “I don’t know!” She is unable to engage in conversation 

and shows little or no interest in engaging in any form of communication. Jane’s form of escapism from reality is gaming. Relating 

neuroscience to Jane’s condition, it is one where her brain pattern automatically matches an old pattern. 

3. Neuroscience in Action 

Joseph Ledoux (2003) discovered that the emotional brain has the ability to be one jump ahead of the neocortex or the 

thinking brain where reasoning is processed.  His discovery revealed that certain fear signals from the senses, once relayed to the 

thalamus, are immediately sent along a neuronal 'fast track' to the amygdala. One of the functions of the amygdala is to trigger the 

physiological fight or flight response and serves to promote survival and to warn a person of possible danger. Therefore, when a 

stimulus causes significant emotional arousal, it is the amygdala which pattern matches and reacts before the neocortex. The 

amygdala can result in us reacting before the thinking brain can process the evidence and plan for an appropriate reaction. As a 

result, some emotional reactions and consequent emotional memories can be formed without any conscious participation from the 

thinking brain at all. The amygdala can hold on to emotional memories and impressions that have never come to full awareness. 

3.1. Pattern Matching 

The emotional brain is conditioned based on reward mechanism and emotional needs. The brain uses the chemical reward 

system, endorphin and dopamine to stretch a person for growth. Endorphin is a natural peptide chemical produced by the body to 

help a person feel more focused and satisfied. Dopamine raises and regulates emotional responses. Pattern Matching is an approach 

to condition the brain by “empowering preferred future” to “pattern match” and adopting a new response to override the old mal-

adaptive behaviour and thinking, thus accelerating the process of change. Incorrect, inappropriate or out-dated pattern matching is 

the root cause of many types of psychological disorders such as anxiety, depression, addictions, inappropriate anger, obsessive-

compulsive disorders, phobias and post-traumatic stress. Effective treatment of these disorders would involve detaching the old 

obstructive patterns and nurturing new empowering ones. 

Understanding of how the emotional brain works helps a practitioner in the field of psychotherapy to assess an individual 

seeking help more efficiently and to provide interventions that are more effective and self-regulated. As a practitioner, I believe in 

the application of neuroscience in accelerating behavioural changes. The treatment for Jane is neuroscience derived by conditioning 

the emotional brain and pattern matches. By triggering the reward mechanism, the brain is conditioned to adopt new pattern matches 

to over-ride old pattern matches. 
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4. Human Given Approach 

The Human Givens approach provides a clear scientific yet practical framework that is based on research in psychology 

and neuroscience. This approach attempts to create a set of organising idea for treatment of human behaviour and mental health 

issues. The APET and RIGAAR models are the two models under Human Givens approach. I applied these two models to treat Jane 

in terms her thinking and behaviour.  I believe that the two models have accelerated the change process on her journey to recovery 

(Griffin & Tyrrell, 2013; Andrews, Wislocki, Short, Chow & Minami, 2013) 

5. The APET Model 

The APET model is a practical application of knowledge derived from Neuroscience and this model accords the use of 

nature’s own pattern matching processes to make counselling or interventions more effective (Griffin & Tyrrell, 2013). This model 

provides many points of intervention in therapy to change beliefs and attitudes. Each letter of the model represents a point of possible 

change. The A in APET™ stands for activating agent which is any event or stimulus in the environment. Information about that 

stimulus is then taken in through the senses, processed through the pattern-matching part of the mind (P) which gives rises to an 

emotion (E) which may inspire certain thoughts (T). Hence, by changing the Activating agent (A), and changing the P (pattern 

matching) changes the E (emotion) and the T (thought) processes, resulting in positive and effective changes in a client’s life.  

I decided to adopt the intervention points in the APET model to help Jane to change her old patterns of thinking and to 

generate new ones through counselling and also the use of Audio-Visual Entrainment (AVE). By using an integrated approach 

instead of a single modality treatment, it is hoped that the behaviour change can be accelerated. 

Table 1 shows the clinical considerations and the desired outcomes of the treatment plan that was drawn up for Jane. There 

is a necessity to change the activating agent (A) that is Jane’s dependency on gaming, the external stimulus and to ensure her core 

emotional needs are met (E) by working together with Jane to co-create new pattern matching (P) which may change her thoughts; 

thus, resulting in new patterns of thinking and behaviour. 

Table 1. Clinical considerations and desired outcomes 

Change Objectives Desired Outcomes 

 

 

Core emotional needs met. Control, achievement and meaning needs 

met. 

Co-create a new pattern matching. To respond in a new way in accordance with 

what she wanted.  

(Ability to hijack the amygdala.) 

Co-create expectant hope 

(activating the Reticular Activating 

System). 

To look forward to her dreams and take 

charge of her life. 

(Redirect the brain.) 

 

6. The RIGAAR model 

The RIGAAR model include building rapport, information gathering, goal setting, accessing resources, activating strategy 

for change and rehearsing success. By applying this model into the treatment plan for Jane, I was able to assess her core emotional 

needs, co-create new pattern matching and expectant hope. I applied the 6-step processes in the RIGAAR model to work 

collaboratively with Jane to ensure that she achieves the desired outcomes of the treatment plane.  

7. Integrating Hypnosis Informed Neuroscience and Audio-Visual Entrainment (AVE) 

Audio-visual Entrainment (AVE) is an adjunctive tool used to stimulate the natural reward mechanism in the brain (Siever,D. 

2003). AVE appears to relax the mind yet stimulate the actual structure of the brain itself. This AVE tool has positive effects on the 

brain by adjusting brainwave activity, enhancing dissociation (meditation state), increasing cerebral blood flow and balancing 

neurotransmitters.  
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Figure 1 : Audio-Visual Entrainment (AVE) pathway  

Figure 1 shows the basic model of the AVE entrainment (Siever,D. 2003). A strong and consistent stimulus, light and 

sound at a certain frequency is activated. This stimulus is then processed via the visual cortex. 

7.1. Audio-Visual Entrainment (AVE) Protocol 

The AVE protocol is presented in Table 2. The protocol related to the use of the AVE consists of five governing steps to 

be administered according to the needs of the client at the point of intervention.  

Table 2: Audio-Visual Entrainment (AVE) protocol (taken from David Delight Pro Operator’s Manual, pp.13) 

 

When change has already happened and a new response to the old activating event, the AVE is an adjunctive to boost the 

change process. In Jane’s case, Protocol No.3 was administered, 3 times a week to help her reinforce the focus on her new preferred 

future. This protocol will reinforce the focus on her new preferred future, as applied using the APET model. The integration of AVE 

as an intervention will enhance Jane’s imagination on how good and positive it will be like at the brain level.  The AVE functions 

as a way to bring about “brain stabilization and normalization” (Siever,D. 2003). Hence, the idea behind this treatment protocol is 

to reinforce the new direction and actions at the brain level so that it is a new normal in her daily thinking and acting out of her goal. 

In practical terms, AVE allows Jane to stay focus on the new behaviours activated using the APET model in which a new 

way to responding to “A” by creating a new “P”. By sharpening the mind (protocol 3), Jane will not only be able to normalise a new 

‘normal thinking and behaviour’, but she will also be able to think outside the box and generate and initiate new creative ways to 

enhance change. Please refer to appendix 1 for a more detailed treatment protocol.  

8. Clinical Outcomes of Treatment 

8.1. Pre-Treatment 

Jane is addicted to gaming and spends 14 hours on gaming daily. As a result of gaming addiction, she has become socially 

isolated and withdraws from people. Her ability to communicate is limited to the phrase, “I don’t know”. Jane lacks the motivated 

to initiate taking any actions to change her current state. She remains unemployed and inactive. 
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I chose to integrate neuroscience ideas as developed by Human Givens with Audio Visual Entrainment (AVE) to accelerate 

behavioural change in Jane. This integrated approach is non-evasive and allows Jane to take charge of initiating the desired change 

and accelerate new pattern matching to counter the old patterns of thinking and behaviour. 

9. Hypnosis Neuroscience Informed Therapy 

The first session was to understand the unmet emotional needs, the current pattern matching sequence and the preferred 

outcome. Mindful of the need to be congruent while attending to the unmet emotional needs, I rapidly build rapport with Jane. 

Human Givens mentions nine emotional needs that every human being needs for healthy development and growth. Failure to meet 

any of the emotional needs may cause a disruption to an individual’s mental health. According to Human Givens, the nine emotional 

needs are: - 

i) Security – having a safe and stable environment to develop 

ii) Attention – the ability to give and receive attention  

iii) Sense of autonomy and control – having the freedom to make choices 

iv) Emotional intimacy – having the sense that at least one person accepts us for who we are, want and all 

v) Feeling part of a wider community 

vi) Privacy  

vii) Sense of status 

viii) Sense of competence and achievement 

ix) Meaning and Purpose 

The second and third session were focused on developing a new preferred future and exploring new strategies in managing 

the activating event (“A” in the APET model). A typical approach to achieve the preferred future and the accompanying strategies 

is to first relax the nervous system by guiding Jane through the Hypnosis guided process. Once Jane was in a state of calm and 

relaxation, the activating event “A” is recalled. Once the “A” begins to re-trigger the “Pattern Matching” (“P” in the APET model), 

Jane was anchored to the safe place created in the hypnosis process and only at this state of relaxation was Jane guided through a 

Guided Imagery exercise where Jane is able imagine seeing herself doing the things she wanted to do (Preferred Future elicited in 

session one) instead of reverting to gaming. 

In session three, Jane was again led to the same process with more emphasis on strategies to pattern match a new action. 

Throughout the three sessions, there would be a conversation of what she will do after the session, what she would see and feel and 

by doing so, reorganizing her thoughts and focus on the new patters – in short, activating her Reticular Activating System (RAS) to 

pay attend to what she desires now instead of what she was doing prior to the sessions. 

After 3 sessions not lasting more than 50 minutes for three consecutive days, Jane reported to has stopped the 14 hours of 

gaming to only 45-60 minutes per day. However, her ‘I don’t know statements’ was still a prominent when asked to elaborate further 

on the changes she was noticing.  

I integrated the use of the David Pro Delight, an adjunctive Tool-AVE for 20 minutes, three times per week to accelerate 

the desired outcomes of the treatment.  Jane’s condition improved and she was able to intentionally communicate with her family. 

She was able to smile and keep eye contact with strangers at this juncture of the intervention. Her progress was quickened using this 

integrated approach. After 20 sessions of AVE (20 minutes each session), Jane was able to engage in more meaningful conversations 

and began to express personal feelings. She was able to redirect her brain and began to take initiative to work towards her goals. 

Without any mention about seeking employment, Jane went to the job agency on her own accord and began her journey into the 

working world. She was no longer reclusive and began to explore the world around her. Daily walks in the parks, malls and visits 

to the library became a routine that she enjoyed.  

The treatment outcomes indicated that current mental stuck state can be easily and rapidly shifted. New mental state can 

be further reinforced with the aid of an AVE device. In the case of Jane, the David Pro Delight was the adjunctive AVE tool that 

was used to speed up the change process. Moreover, treatment need not be expensive nor require much technical knowledge. 

10. Recommendations 

The integration of Hypnosis Informed Neuroscience with Audio Visual Entrainment (AVE) to accelerate behavioural 

change is an alternative approach as compared to a single modality approach. I have applied Hypnosis Informed Neuroscience into 

my practice because it is effective, and clients are actively involved in co-creating the change patterns in their thinking and 

behaviour. In the case of Jane, this alternative approach has shown that the use of an integrated approach demonstrated that the 

change objectives were met which resulted in the desired change outcomes.  

I would like to recommend that practitioners in the mental health field to be a Hypnosis Informed Neuroscience therapist 

to understand how the brain functions and how treatment can be effective and lasting. By applying Hypnosis Informed Neuroscience 

into treatment plans not only helps to accelerate behavioural change but also allows the individual to be autonomous and to be 

actively involved in the change processes. The treatment options may be expanded to include portable devices that will help to speed 

up the desired change and outcomes. The use of an adjunctive tool in the treatment plan is a pragmatic approach and also cost 

effective. 
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Appendix 1 

Session 1 Assessment Phase  

 Elicit the problem state and ascertain a concrete description of the ‘doing’of the problem 

 Take note of how the unmet emotions affect/lead to an unwanted action (doing of the problem) – 

looking out for the old undesirable pattern matching (APET Model) 

 Pay attention to repeated words/phrases that are unwanted and elicit the preferred outcome in 

visual form (ask client to describe in vivid details a realistic description of how they would like to 

see themselves doing and feeling) – Initial stimulation of the Reticular Activating System (RAS) 

Session 2 

 Step 1: Create safety by anchoring a safe feeling to pattern interrupt current behaviour - Using 

hypnosis, guide client through a process of focussing / mental relaxation. Allow the mind to soak 

in this state establish more neural connections (RAS)  

 Step 2: In a hypnotic state (mentally relaxed state), facilitate the client to see the resolution of the 

problem and visualise a new preferred outcome. Anchor that visual and feeling state by a word 

associated to this preferred state e.g. Peace, Control. 

 Step 3: Invite the client to imagine (eyes closed) and see, hear and feel themselves in the current 

problem state (Activating Event) 

 Step 4: Interrupt step 3 but introducing step 1 and 2 and activate the associated word (e.g. Peace, 

control) 

 Step 5: Break state by inviting the client to see and feel the new behaviour and then open their 

eyes 

 Step 6 – Repeat step 3 – step 5 twice and elicit feedback on the positive changes 

Session 3 

 Repeat step 2-5 of session 2 twice 

 Facilitate the minds active involvement by actively visualising their new preferred behaviour and 

its accompanying feeling 

Session 4 – session 20 

 Duration - Three times a week on alternate days, for 20 minutes duration  

 AVE (David Pro Delight) - Energise Protocol 3 – Beta 2-Sharpen the mind (20-23Hz) 

Session 21 Termination session  

 Review of outcomes and reinforce the new behaviour changes 
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Case Report: Neurofeedback to deal with Behavior Difficulties  
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Abstract 

This case report presented a subject, client J who exhibited emotional and behavioral problems which affected his socialization and 

learning significantly. This client undertook 20 sessions of clinical neurofeedback. The clinical neurofeedback protocols were designed according 

to a Bottom-up approach with Quantitative Electroencephalogram (QEEG) as a reference. Client J showed significant changes in EEG at the 

training sites along with changes in problematic behaviors. This finding, while preliminary, suggests that a bottom-up approach may be useful one 

for designing effective protocols. However, there are other factors likely to have contributed to positive outcomes in this case. In particular, the 

subject had undertaken early intervention and also participated in other therapies. The parents support and commitment during the period that 

neurofeedback took place is also likely a significant factor.  

© 2021 Published jointly by ANSA and APNA societies of Australasia and ASEAN Countries. Selected and peer-review by editorial 

board of Asia Pacific Journal of Neuro therapy (APJNT). 

Keywords: Clinical Neurofeedback; Quantitative Electroencephalogram (qEEG brain mapping); Trauma Resilient Model (TRM); Social; Emotional, Behavior 
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1. Introduction  

Emotional and behavioral problems amongst children has increased over the past few years with a prevalence of 10% to 

20% amongst children in 11 Asian countries (Srinath, Kandasamy & Golhar, 2010). Emotional problems such as anxiety, irritability, 

and fear along with behavioral problems such as aggression and sleep problems have been found to affect the quality of life and 

well-being of children (Idris, 2017). 

Cognitive-behavioral therapy (CBT) is a prominent treatment for emotional and behavioral issues amongst children as well 

as adolescents (Higa-McMillan et al., 2016), yet, it might not be suitable for individuals who lack cognitive maturity or the necessary 

operational thinking (Kurniawan, 2018). Clinical neurofeedback, on the other hand, can be applied with children of almost any age. 

(Duric et al., 2012).  

2. Case History 

A 13 years old teen, client J was recruited for this case report. J underwent a natural birth, and no early physical 

developmental problems were reported. However, J experienced language delayed when he was young. He can speak fluently in 

English.  

Currently, J could be described as having poor coordination and rather limited physical abilities. In school, he has only a 

few friends. He lacks confidence when dealing with his peer group and displays avoidant behaviour. Emotionally, he gets tense very 

easily when facing problems especially during exams and home tuition. He can be agitated and displays some behaviour problems 

which seem to relate to underlying anxiety. J also has significant difficulty with sleep onset. 

Between the ages of 3 and 8, J had Occupational Therapy (OT). He has undergone ongoing therapy sessions in order to 

prepare him for participating fully at school and in social situations. He also underwent speech therapy as he suffered from language 

delays. Speech therapy aimed to improve his language development, communication, and pragmatic language skills.  

3. Assessment and Treatment 

3.1. Quantitative Electroencephalogram (qEEG) Brain Mapping 

The QEEG indicated a dominance of slow frequencies relative to the database. This is consistent with the possibility of 

difficulties in maintaining external focus and difficulty with detail and language processing. There was a high Theta to Beta ratio 

which can correlate with an internal focus of awareness. The QEEG also indicated a high beta peak frequency that may be associated 

with hyper-vigilance.  

The QEEG also indicated poor Alpha blocking at posterior sites. This can be associated with sensory processing issues. 

Furthermore, low alpha connectivity is found at C3/C4 and P3/P4. This is consistent with possible difficulties in maintaining a quiet 

awareness state.  

3.2. Neurofeedback Protocol 

J’s clinical neurofeedback protocol focused on increasing amplitudes in the SMR (12-15hz) and Alpha range. The first 

module of 10 sessions aimed to improve self–control, sleep, and processing skills. For the second module, clinical neurofeedback 

training aimed to reduce anxious feelings and improve social behavior. 2 modules of clinical neurofeedback session included 10 

sessions training at C3 and C4 with the aim of improving his self-control. 15 sessions at O1 and O2 with the aim of improving his 

processing skills, 10 sessions at F7 and F8 with the aim of reducing anxiety and 5 sessions at T5 and T6 with the aim of improving 

his social behavior by understanding social cues. The details regarding the 20 sessions of clinical neurofeedback are shown in Table 

1. 
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Table 1. Clinical Neurofeedback training protocols. 

  

Module Session Training Protocol Training Mode 

Module 1 1-10  

C3 + C4 

 

 

+ SMR Game   

   

O1 + O2 

 

 

+ 
Low Beta  

(12-15hz) 
Movie   

      

Module 2 11-15  

O1 + O2 

 

+ 
Low Beta  

(12-15hz) 
Movie 

  

             F7 

 

           F8 

 

+ 

Low Beta  

(12-15hz)  

Alpha 1 

Movie   

 16-20 F7 

 

F8 

 

+ 

Low Beta 

(12-15hz)  

Alpha 1 

Movie 

   

T5 + T6 

 

   + 

Low Beta 

(12-15hz) 
Movie 

3.3. Outcome of Intervention 

Throughout the training, there were significant changes in brainwave activity that were consistent with the neurofeedback 

training. J also showed some positive changes in his emotions and behaviors. A post QEEG whole-brain mapping was conducted 

which showed the changes in brain pattern after the training session. For detailed information, refer to Table 2 for the outcome of 

training. 

Table 2. The outcome of clinical neurofeedback training. 

Presenting Problem Outcome 

Hard to fall asleep at night. Fall asleep easier at night with better sleep quality. 

Feel tired during daytime. Feel more energetic during daytime. 

Feel agitated easily. Reduced frequency of agitation. 

Sudden outbursts when facing some problems. Less impulsive and willing to listen to others. 

Feel anxious easily when sitting for an exam. Feel calm and less impulsive during the exam period. 

Inappropriate social behavior. No noticeable change in social behavior. 

4. Conclusion 

In conclusion, J showed good progress and his mother was very satisfied with the improvements. It is my view that 

stabilization in the posterior cortex and across the sensorimotor strip ideally precedes training at frontal sites (Bottom-up approach). 

This order of training may have influenced positive outcomes in this case. It is conceded however, that this is only single case and 

there are other factors that may well have contributed to the outcomes. It is also my view that J is likely to have benefited from 

further neurofeedback sessions. 
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