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Abstract 
Children with learning disabilities (LD) can have difficulties in reading at 

word level, text comprehension, writing or arithmetic. Several studies have shown 
the efficacy of neurofeedback (NF) in improving learning skills through brainwave 
operant conditioning in children with LD. The aim of this work was to show the 
efficacy of live z-score NF training (LZT) for quantitative electroencephalogram 
(QEEG) normalization in school children with LD. Twenty-eight children aged 10-
15 years with LD participated. Ten 30-min sessions of QEEG-guided LZT using 
patient’s highly preferred feedback were applied. After 10 sessions of QEEG-
guided LZT, participants showed statistically significant improvements in QEEG 
normalization and a statistically significant small to medium improvement in the 
Cognitive and Emotional Checklist. The results suggest that LZT-NF produces a 
tendency towards normalization of brain waves in children with LD, and might be 
advised as a therapeutic alternative or coadjuvant along with cognitive 
interventions. 
KEY WORDS: Neurofeedback, z-score training, QEEG normalization, learning 
disabilities. 

Resumen 
Los niños con trastornos de aprendizaje (TA) pueden manifestar dificultades 

en la lectura a nivel de palabra, comprensión de textos, escritura o matemáticas. 
Algunos estudios han mostrado la eficacia de la neurorretroalimentación (NR) en 
la mejora de las habilidades de aprendizaje a través del condicionamiento 
operante de las ondas cerebrales en niños con TA. El objetivo de este trabajo fue 
mostrar datos preliminares de la eficacia de la neurorretroalimentación de 
puntuaciones z en tiempo real (LZT) para la normalización del 
electroencefalograma cuantitativo (QEEG) en escolares con TA. Participaron 28 
niños de entre 10-15 años de edad con TA. Se aplicaron diez sesiones de 30 
minutos de LZT guiado por QEEG utilizando retroalimentación de alta preferencia 
de los sujetos. Tras 10 sesiones de LZT guiado por QEEG, los participantes 
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mostraron mejoras estadísticamente significativas en la normalización del QEEG y 
una mejora de pequeña a media estadísticamente significativa en la “Lista de 
comprobación cognitiva y emocional”. Los resultados sugieren que LZT-NR 
produce una tendencia hacia la normalización de las ondas cerebrales en niños 
con TA, y podría suponer una alternativa terapéutica o coadyuvante junto con la 
intervención cognitiva. 
PALABRAS CLAVE: Neurorretroalimentación, entrenamiento en puntuaciones z, 
normalización del QEEG, trastornos de aprendizaje. 

Introduction 

The identification of children learning disabilities (LD) in the school context is 
one of the main goals for school psychologists (Orlando & Rivera, 2004). LD may 
be related to medical, psychological or pedagogical problems, among others 
(Orozco Cazco et al., 2016), and place the student in what has been called special 
educational needs (SEN) (Lindsay, 2007). The term SEN is used to refer to students 
who need specific support or attention during either a part or all of their schooling 
(Orozco Cazco et al., 2016). Students with LD have difficulties in cognitive 
processes such as reading at word level (dyslexia), text comprehension (reading 
comprehension), writing (dysgraphia) or arithmetic (dyscalculia) (Fletcher & 
Grigorenko, 2017).  

In addition to psychological or academic interventions for LD (Fletcher & 
Grigorenko, 2017), several studies have been conducted lately on the efficacy of 
neurofeedback (NF) for children with LD. NF is a psychophysiological technique 
that focus on the modification of the brain activity reflected in the 
electroencephalogram (EEG). Via an EEG amplifier, the patient's activity is 
recorded, which is then broken down into frequency bands, and the EEG pattern is 
modified by operant conditioning, providing a reinforcement when the patient 
achieves the desired EEG pattern (Carrobles, 2016).  

Several studies have shown the efficacy of NF for children with LD. Orlando 
and Rivera (2004) applied NF to children with reading disabilities and found an 
improvement in psychometric scores after the intervention. In a controlled study 
with children with dyslexia, Breteler et al. (2010) applied NF and school support 
measures to the experimental group as opposed to the control group, which only 
received school support, and found that the experimental group improved 
significantly in spelling scores, with no differences between groups in reading 
tasks. Jacobs (2006) showed improvements in reading skills after applying NF in 
two adolescents with pluripathology. Fenger (1998) found improvements in 
academic performance tests in 38 children and adolescents aged 8-18 years after 
46 sessions of NF. Hanselmayr et al. (2005) found an improvement in mental 
rotation tasks, a discovery replicated by Zoefel et al. (2011) in a training study of 
the upper alpha band in posterior locations. Koberda et al. (2012) used 19-channel 
live z-score NF (LZT-NF) training on a subject with academic performance 
problems, achieving an increase in scores on a global cognitive performance scale 
after 15 sessions. 
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LZT-NF is an NF approach based on EEG quantification (QEEG) and the 
concept of standard deviation (Collura, 2014). Using LZT, the raw QEEG scores are 
to standardized scores (i.e., z-scores) using the distribution of the waves in a 
reference population, and can thus be incorporated as an element in a 
contingency system (Collura, 2014; Collura et al., 2010). It is a live mix of QEEG 
and NF. The z-scores from the QEEG are incorporated as variables so that the 
patient can get the reinforcement each time the z-score lies between the upper 
and lower ranges established in the intervention. 

Because the abnormalities found in the QEEG are stable in the absence of 
intervention (Hughes & John, 1999), the QEEG provides an objective measure of 
the effects of intervention on brain functioning (Arns et al., 2012; Walker, 2011, 
2010; N. Wigton & Krigbaum, 2015; N. L. Wigton & Krigbaum, 2015). Collura et 
al. (2008; 2010) add that the use of 4-channel LZT protocols with F3, F4, P3 and 
P4 locations ensures sufficient coverage for an overall normalization of QEEG, an 
issue that has also been observed by other authors (Groeneveld et al., 2019).  

Wigton and Krigbaum (Krigbaum & Wigton, 2015a; Wigton & Krigbaum, 
2015; Wigton & Krigbaum, 2015) reported that there are few studies that include 
pre- and post-intervention QEEG data, provide a methodology for assessing 
normalization, and highlighted the need to replicate their methodology to give 
greater integrity to their results. Their methodology for normalization analysis 
allows monitoring both the treatment progression and QEEG changes both during 
and at the end of treatment. In a retrospective study (Krigbaum & Wigton, 2015a) 
they selected 10 subjects between the ages of 10 and 56 with different diagnoses 
who had received a maximum of 15 LZT sessions. They determined the locations to 
train based on the dysregulation found in the QEEG, considering the region of 
interest (RoI) those where a z-score > ±1 was found. They calculated the mean of 
the positive and negative Z scores separately in each RoI and used the resulting 
score as a follow-up value, and found that 90% of the RoI showed a trend 
towards the mean (i.e., normalization) after the intervention. Using the mean of 
the absolute scores in each RoI, Wigton and Krigbaum (2015) generated a single 
deviation score from the mean for each participant. After applying about 10 LZT 
sessions on average, they again evaluated the distance to the mean, obtaining a 
value closer to the mean compared to the pre-treatment phase. 

Following the methodology of Krigbaum and Wigton (2015a), the objective 
of this work is to obtain preliminary data of the normalization effect of QEEG 
using an LZT protocol in a sample of children with LD. To this end, this work was 
specifically designed to analyze a) whether the LZT protocol produces a change in 
the percentage of QEEG z-scores within the normal range, and b) to quantify the 
degree of normalization in the waves used during the intervention. Following the 
results reported in previous works showing the efficacy of NF as an intervention for 
children with LD, we expected to find significant improvements in clinical 
outcomes. Additionally, and to expand the data reported in previous works using 
NF for children with LD, we aimed to quantify the changes that occurred on 
clinical outcomes after a LZT-NF intervention.  
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Method 

Participants 

Data for 28 children (25 boys) aged 12.07 years on average (SD= 1.58, range: 
10-15) were analyzed after excluding records with missing data or diagnoses 
unrelated to learning disabilities (LD). Table 1 shows the specific LD profile 
associated with each individual participant along with baseline descriptive data. 
Most of the participants had reading disabilities (n= 24), followed by problems 
with arithmetic (n= 9) and writing disabilities (n= 7). Ten out of 28 had two or 
more LD.  

The inclusion criteria were: 1) being diagnosed with LD following the 
Government classification of students with LD (Instrucción de 24/08/2017de la 
Consejeria de Educación de la Junta de Castilla y León, Spain). Per protocol, 
children are diagnoses with LD by consensus among school psychologists and 
neuropediatricians; 2) being aged between 10 and 15 years; 3) having a QEEG 
pattern with multiple abnormal findings (i.e., more than one abnormal wave, in 
more than one location or region); 4) having completed 10 LZT sessions in F3, F4, 
P3 and P4 locations; 5) Having an average intelligence quotient estimate according 
to the Wechsler Intelligence Scale for Children - 4th Ed (Kaufman et al., 2006). 

Table 1 
Learning disabilities profile for the sample 

Participant Sex Age Learning disability Participant Sex Age Learning disability 
1 B 10 R 15 B 14 R
2 B 11 R, A 16 B 13 R
3 B 10 R 17 B 14 R
4 B 12 R 18 B 13 R
5 B 12 R 19 B 11 R
6 B 13 R, W 20 B 11 R, A 
7 B 11 W, A 21 B 12 W
8 B 13 A 22 B 10 R, W
9 B 15 R, W, A 23 G 14 R 

10 B 10 R 24 G 13 R, A 
11 B 11 A 25 B 10 R 
12 G 13 R 26 B 11 R, W 
13 B 12 R, W, A 27 B 12 R 
14 B 14 R 28 B 12 R, A 

Note: B= boy; G= girl; R= reading; W= writing; A= arithmetic. 

Instruments 

a) Discovery 20 channel device (BrainMaster Technologies, 2012). It is a 20-
channel neurofeedback (EEG biofeedback) device. It provides 24-bit conversion
with an internal sampling rate of 1024 samples/second and 256
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samples/second data rate to the computer, providing 20 high-resolution and 
aliasing-free signals. 

b) Electro-Cap (EEG Cap.) (Electro-Cap Internacional, 1982). it is an EEG electrode 
application technique. They are made of an elastic spandex-type fabric with 
recessed, pure tin electrodes attached to the fabric. The electrodes on the 
standard caps are positioned to the International 10-20 method of electrode 
placement. To record de EEG the electrodes reservoir need to be filled with 
Electro-Gel (Electro-Cap Internacional, 1982), a saline gel that favors 
conductivity. The medium Electro-Cap will fit approximately 65% of all 
patients over the age of 5. 

c) BrainAvatar 4.6.4 software (BrainMaster Technologies, 2013). This software 
was used to record the EEG.  

d) NeuroGuide v. 2.9.1 (Applied Neuroscience, 2018). This software was used for 
EEG computation and analysis. This software includes a normative database of 
QEEG from 2 months to 82 years of age. 

e) Cognitive Emotional Checklist (CEC; Soutar, 2018). The CEC is an inventory to 
collect information about emotional, cognitive, and behavioral symptoms. The 
CEC was developed for the use of NF practitioners to assist them in better 
understanding the cognitive and emotional status of their clients and monitor 
follow-up changes in that status (Soutar, 2018). The CEC includes 49 items 
that are answered by parents on a 4-point Likert-type scale, ranging from 0 
(no symptom) to 3 (present and severe symptom). Scores can range between 
0-147, with higher scores indicating a greater severity of the symptomatology. 
In order to verify the impact of the intervention on educational difficulties, the 
10 CEC items related to learning, mathematics, reading and writing (CEC-
Learning) were analysed as a separate outcome. As in the rest of the CEC, the 
sum of scores for these items ranges from 0 to 30, with higher scores 
indicating greater frequency and severity of the problems. The main outcomes 
were the CEC Total score and the CEC-Learning score. 

 
Procedure 
 

The participants’ parents signed an informed consent for the application of 
the treatment and for the subsequent anonymized use of data for research 
purposes. The intervention was delivered in NEPSA Neurological Rehabilitation, a 
neurological rehabilitation clinic authorised by Government of Castilla y León 
(Spain). The Health Department gave approval for psychophysiological 
interventions of this type within the context of psychological treatments. 

An EEG was obtained from each participant before the start of the NF 
sessions and after 10 LZT sessions. For the collection of the EEGs each patient was 
fitted with an electroencephalography cap, Electro-Cap (Electro-Cap Internacional, 
1982), with 19 channels located according to International System 10-20 (Fp1, 
Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4, T6, O1, and O2) and 
using a Linked Ears assembly. For 3-5 minutes, EEG signals from all 19 channels 
were simultaneously obtained and collected using a Discovery20 amplifier from 
BrainMaster Technologies (2012). Impedances of less than 5KOhms were 
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maintained. EEG records were recorded in closed eye condition using Brain Avatar 
4.6.4 software (BrainMaster Technologies, 2013).  

The EEG records were imported into NeuroGuide v. 2.9.1 (Applied 
Neuroscience, 2018) software for computation and analysis, where the artefacts 
were visually reviewed and removed. EEG records were processed using Linked 
Ears assembly and compared to NeuroGuide's normative database, from which z-
score values were obtained. Seven frequency bands were selected (delta, theta, 
alpha, beta-1, beta-2, beta-3 and hibeta). Beta was excluded because its activity 
was already included in the breakdown (beta-1, beta-2 and beta-3). Similarly, 
relative power was excluded as it was a calculation of the absolute power 
distribution of the entire spectrogram. In this way, redundant data was avoided 
(Stoller, 2011), which allowed each wave to be treated as a variable independent 
of the rest of the variables. Afterwards, parents completed the CEC. 

INTERVENTION: LIVE Z-SCORES TRAINING NEUROFEEDBACK 

A QEEG-guided LZT protocol was used. Because all patients had a QEEG 
pattern with multiple and diffuse findings, F3, F4, P3 and P4 locations were 
selected in an LZT PZOKUL protocol because of their capacity for global 
normalization (Collura, 2008). A Linked Ears assembly was used with ground in Cz. 
The PZOKUL protocol has a threshold for the percentage of z-scores that must fall 
within the stablished deviation range, and the threshold is self-adjusted. This self-
adjustment is based on the percentage of z-scores that fall within the set deviation 
range, with an upper threshold (positive z-scores) and a lower threshold (negative 
z-scores), and the percentage of reinforcement that the patient is achieving. In 
order to avoid that the movements from inside to outside the normal range could 
not be identified, due to a wide range for the z-score window (Collura, 2014; 
Collura et al., 2010), z-scores equal to or more extreme than ±1.5 were 
categorized as out of range. Considering the above, 28 values were obtained for 
each subject in z-scores, four (F3, F4, P3 and P4) for each wave. 

Patients were given 30-minute sessions twice a week without interruption 
until 10 LZT sessions were completed, at which time a follow-up QEEG was 
repeated. Participants were allowed to choose both the form (i.e., visual/auditory) 
and type of feedback in each session, based on the results of previous studies 
indicating that the more relevant the enhancer is to the subject the greater the 
learning effect is produced (Fisher et al., 1992; Mangum et al., 2012; Piazza et al., 
1996). In all cases, the selected enhancers were movies chosen by each participant. 

During the sessions, all z-scores for each of the 7 bands selected for each 
channel were computed moment by moment. Likewise, the percentage of those 
scores within the specified range (±1.5SD) was calculated moment by moment, 
and the participants received reinforcement each time the percentage of z-scores 
within that range was equal to or greater than the percentage requested by the 
software as criterion to achieve reinforcement. This was automatically calculated to 
guarantee a 50% reinforcement (Pérez-Elvira, et al., 2019). 

In order to produce feedback, a dimmer was overlapped on the screen where 
the films were projected. The dimmer became clear when the subject met the LZT 
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protocol criteria for receiving feedback and became opaque, preventing the 
patient from viewing the film, when it moved away from the criteria set out in the 
protocol. 

 
Data analyses 
 
 To analyze change in the QEEG metrics, each of the 28 waves for each 
participant was dichotomized as 1 when their z-score absolute value was equal or 
higher than 1.5 (i.e., out of normal range), otherwise as 0. The dependent variable 
in this study was pre-post intervention change in the percentage of QEEG waves 
out of normal range. The difference in the likelihood of change after NF was 
analyzed with a binary logistic model using a Generalized Estimating Equations 
(GEE) with an independent correlation structure and robust standard errors. The 
GEE is a statistical approach that accounts for the correlation between 
measurements in clustered data (i.e., variables grouped by a cluster identification 
variable). In the present study, QEEG z-scores were clustered by participants. Thus, 
clusters are independent of one another but the within cluster observations are 
assumed to be correlated. Both pre and post raw z-scores for the 28 waves were 
averaged within participants, and mean z-score PRE/POST change and mean CEC 
PRE/POST change were analyzed with paired t-tests. Effect sizes were calculated 
using the variance-weighted single-group pretest-posttest effect size (Morris & 
DeShon, 2002). Although this effect estimate is not analogous to the independent 
samples Cohen’s d statistic (Cohen, 1992), it is interpreted using Cohen’s 
guidelines, with 0.20, 0.50 and 0.80 indicating a small, medium, and large effect 
respectively. Statistical analyses were run with IBM SPSS Statistics v. 26.0. Alpha 
level was set at 5%.  
 

Results 
  

Tables 2 shows the QEEG and clinical profile data at baseline, and the mean 
age of the participants, both for those who had 1 LD or more than 1 LD. Mean pre 
and post absolute z-scores were 2.05 (SD= 0.34) and 1.41 (SD= 0.43) respectively, 
with this difference being large and statistically significant (t27= 8.57, p< .001, d= -
1.86). Overall, 42.5% of the waves (n= 333) were out of the normal range at pre-
test, compared to 25.1% (n= 197) at post-test. Figure 1 shows z-scores for each 
wave by channel both a pre- and post-intervention. The GEE (Figure 2) showed 
that waves out of the normal range at pre-test were more likely to change (i.e., to 
move towards the normal range at post-test) than did the waves within the normal 
range at pre-test (b= 2.77, SE= 0.44, OR= 15.95, 95% CI: 6.73, 37.80). Results 
were unchanged when age and the number of LDs were added as covariates in 
the model, with neither age (b= 0.08, SE= 0.13, OR= 1.08, 95% CI: 0.83, 1.39) 
nor the number of LDs (b= 0.07, SE= 0.36, OR= 1.08, 95% CI: 0.54, 2.17) 
showing a statistically significant association with pre-post change.  

According to the parent reports, mean CEC-Total scores decreased from 
49.96 (SD= 8.24) at pre-test to 33.43 (SD= 7.29) at post-test, with this difference 
being small to medium and statistically significant (t27= 14.37, p< .001, d= -0.46). 
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Likewise, mean CEC-Learning scores decreased from 18.29 (SD= 3.18) at pre-test 
to 11.39 (SD= 2.69) at post-test, with this difference being small to medium and 
statistically significant (t27= 14.26, p< .001, d= -0.43). Figures 3 and 4 show pre-
post change in CEC-Total scores and CEC-Learning scores respectively. 

Table 2 
Baseline demographics, QEEG and LD data 

Variables 
Number of LD= 1 

(n= 18) 
Number of LD= 2+ 

(n= 10) z p 
M SD M SD 

Age 12.04 1.37 12.03 1.50 -0.49 .625

Z-scores pre-test (n= 504) 1.23 0.86 1.01 0.81 -1.61 .108 

Z-scores post-test (n= 280) 0.94 0.66 0.84 0.56 -0.46 .649 

CEC Total pre-test 48.76 7.57 51.59 8.51 -1.95 .052 

CEC Total post-test 32.74 6.98 34.36 7.33 -0.29 .773 

CEC Learning pre-test 18.00 3.11 22.00 1.41 -0.29 .773 

CEC Learning post-test 11.08 2.53 15.50 0.71 -1.60 .121 
Note: LD= learning disabilities; CEC= Cognitive and Emotional Checklist. 

Figure 1 
Pre-post z-scores maps 

Note: Z-scores maps for each band and location pre (top) and post (bottom) neurofeedback 
intervention (maps from a modification of those produced by New Mind Maps software). 
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Figure 2 
Pre-post change in z-scores out of normal range 

 

 
 

Figure 3 
Pre-post change in Cognitive and Emotional Checklist Total scores 
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Figure 4 
Pre-post change in Cognitive and Emotional Checklist - Learning scores 

Discussion 

The present work aimed to study the efficacy of a 4-channel LZT-NF 
intervention for the normalization of the QEEG pattern in patients with LD. To do 
so, a variation of the method developed by Wigton and Krigbaum (2015a) was 
used with F3, F4, P3 and P4 locations, given the ability of this arrangement to 
produce a global normalization trend (Collura, 2008).  

Our results showed that the LZT protocol was effective in producing the trend 
towards QEEG normalization after ten 30-minute sessions, with an association 
between this QEEG normalization and an improvement in the clinical variables 
measured through the parents' perception of each participant's specific problems. 

While some authors have suggested that great caution should be taken when 
seeking QEEG normalization (Kropotov, 2009, 2016), it does not, in any case, 
appear to pose any significant risks (Collura et al., 2010). We found that the odds 
of moving toward the standard value was greater than the odds of moving outside 
the standard values after treatment, which is in line with previous studies (Pérez-
Elvira et al., 2018; Pérez-Elvira, et al., 2019) reporting that there is little likelihood 
for z-scores to move out of the normal range due to the LZT intervention. 

Some authors (Azizi et al., 2018) have concluded that NF is not effective for 
LD. They compared NF with cognitive rehabilitation for LD, but their study has 
some methodological limitations. For instance, they studied the effect of NF on 
sustained attention in LD, and used the Theta-to-Beta protocol that was developed 
in the first place for the treatment of epilepsy, and was later applied as a one-size-
fits-all procedure for other conditions including Attention Deficit and Hyperactivity 
Disorder. To support the use of this methodology, these authors argued that some 
children with LD have also sustained attention issues. We believe that it cannot be 
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concluded that NF is not effective for LD, but rather that NF applied using the 
Theta-to-Beta protocol might not be effective to improve impairments in sustained 
attention. These conclusions, however, are not in line with previous works 
showing contradictory findings (Kaiser & Othmer, 2000; Medici, 2018; Ochi et al., 
2017; Rastegar et al., 2016; Wang & Hsieh, 2013).  

Our results are similar to those found by several authors (Fenger, 1998; 
Jacobs, 2006; Orlando & Rivera, 2004), who applied QEEG-NF protocols to 
children with LD, obtaining significant improvements in those who received the 
treatment as compared with the control group, along with a lower rate of early 
treatment dropout (N. L. Wigton, 2013). Compared to the present work, however, 
some of these studies (Fenger, 1998; Jacobs, 2006) reported positive results just 
after 40 or more sessions. One possible explanation for this is that they did not use 
QEEG-NF but symptom-guided NF. As several authors have stated, the average 
number of sessions needed to produce significant changes with traditional 
methods, including amplitude QEEG-NF, is around 40 (Krigbaum & Wigton, 2014, 
2015b; Thatcher, 2013; Wigton, 2013; Wigton & Krigbaum, 2015).  

In the present study, clinically significant results were found in only 10 
sessions, which is a particular strength compared to other NF studies for 
intervention in children with LD. Our results are comparable to those reported by 
Wigton and Krigbaum (2015), Krigbaum and Wigton (2015a) and Groeneveld et 
al. (2019), who found not only improvement of symptoms but also normalization 
of QEEG within 30 sessions, or less, using LZT. The faster achievement of 
objectives under LZT could be due to the multidimensional character of the 
training it produces. As noted above, rather than targeting amplitudes, LZT focuses 
on the variables approaching the expected normal values according to the 
normative reference population (Groeneveld et al., 2019; Krigbaum & Wigton, 
2014). The focus with LZT is not to increase or decrease the amplitude of the 
neurophysiological variables, but to move the z-scores towards the mean and 
normalize the QEEG (Krigbaum & Wigton, 2014, 2015b; Wigton & Krigbaum, 
2015). The z-scores that must be within the marked range are not pre-specified, 
only the percentage of those that must be within the range. In this way, this 
requested percentage will sometimes be composed of some scores and other 
times by others, thus giving the brain the opportunity to establish its own route 
towards self-regulation (Collura, 2008, 2014, 2016; Collura et al., 2010). When 
the brain achieves reinforcement by complying with the established percentage, it 
can compute the cost-benefit of achieving that percentage and thus learn the 
most relevant behavior to achieve the objective (Collura, 2014).  

This study has some limitations that must be highlighted. On the one hand, it 
is a retrospective study, which limits the availability to include relevant variables 
and affects the sample size. Furthermore, in order to control the improvement of 
clinical variables, we used the CEC (Soutar, 2018), a test that is routinely applied in 
our clinic. Although it is very useful for tracking symptoms and reflecting the 
parents' view of the child's condition in different fields, the CEC Learning items do 
not allow any determination of the specific difficulties/improvements following the 
intervention. Further psychometric validation is required for research settings. 
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Another limitation is the lack of a control group, which would help to 
monitor any possible pre-post changes in brain waves without intervention. 
However, it has been reported that the QEEG pattern associated with a pathology 
remains unchanged in the absence of treatment (Hughes & John, 1999). 
Therefore, pre-post changes in brain waves should not be expected to occur only 
by chance. Future works will analyze whether LZT provides additional benefits over 
other NF interventions. Despite this, a strength of the present work is the inclusion 
of single-group pre-post effect size using a meta-analytic approach, which makes 
our data useful to be included in future meta-analyses on the efficacy of NF 
interventions for children with LD. 

In summary, our study shows preliminary positive data on the efficacy of LZT 
for the normalization of EEG in children and adolescents with LD after 10 sessions 
of QEEG-NF, and its associated improvements in scholar and behavioral problems 
reported by their parents.  
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Appendix 

CEC-Learning Items (Soutar, 2018) 

Item Content
11 Poor short term memory 
14 List learning problems 
29 Can´t recall more than one request 
30 Poor maths skills 
31 Poor reading comprenhesion 
42 Dyslexia 
43 Reads poorly 
44 Poor handwriting 
48 Difficult with task sequence 
49 Difficulty learning new words 

Note: Reproduced with Richard Soutar’s permission. 




