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I tested the effect of a psychobehavioral intervention combined with
electroencephalographic (EEG) biofeedback on the core symptoms of
preschool children with attention-deficit/hyperactivity disorder
(ADHD). Participants were 42 preschool children with attention-deficit,
hyperactive-impulsive, or compound-type ADHD. They were randomly
divided into the control group, a psychobehavioral intervention group,
an EEG biofeedback intervention group, or a psychobehavioral + EEG
biofeedback intervention group (i.e., comprehensive). After 4 months of
intervention, I assessed (a) attention concentration time and (b)
impulsivity and hyperactivity scores using Conners Parent Symptom
Questionnaire. Results show that the multimodal intervention
significantly improved participants’ concentration time and behavioral
hyperactive-impulsive symptoms. The multimodal (vs. single-modal)
intervention was more effective in improving core symptoms. My
results provide a reference for related research and practical
application.

Keywords

Attention-deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental psychiatric disorder
beginning in childhood. It is characterized by inattentiveness and transient attention times, hyperactivity,
and impulsivity not commensurate with age and developmental level, and is often accompanied by learning
difficulties, conduct disorders, and maladjustment (Binesh et al., 2020). Epidemiological studies have
shown that prevalence rates of ADHD vary between 0.5% and 20% worldwide. Olashore et al. (2020) found
a male-to-female ADHD ratio of 2.2:1 in their Botswana study, and the prevalence in Chinese children
(6.3%; equivalent to more than 23 million) has increased in recent years (Wang et al., 2017).

Many children with ADHD experience complications, such as lack of self-esteem, interpersonal conflict,
poor academic performance, and increased risk of substance abuse during adolescence, which can adversely
affect their physical and mental health, family life, and social skills in adulthood (Muñoz et al., 2020).
According to the Diagnostic and Statistical Manual of Mental Disorders (5th ed. [DSM-5]; American
Psychiatric Association, 2013), ADHD comprises three categories: attention-deficit, hyperactive-impulsive,
and compound types (Cockerham et al., 2014). Previous researchers have found that the core symptoms of
ADHD are inattention, hyperactivity, and impulsiveness (Gadow et al., 2001; Siebelink et al., 2019).

Currently, the main treatments to improve core ADHD symptoms and reduce behavioral challenges are drug
and nondrug therapies, with the latter including primarily behavioral and cognitive behavioral therapy
(Caye et al., 2019; Childress & Stark, 2018; Sharma & Couture, 2014), and psychostimulant medication
being the most effective drug treatment for ADHD symptoms (Baydala & Wikman, 2001). The safety and
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efficacy of psychostimulants for this treatment have been well documented by previous researchers
(Cojocaru et al., 2021; Fluegge, 2016), including significant improvement in attention, impulsivity, and
sociobehavioral symptom domains in children with ADHD. However, psychostimulants have some
limitations, such as short treatment duration; no, or partial, response in some patients; and lack of long-
term treatment effectiveness, and they are often accompanied by short-term adverse reactions, such as
fatigue, nausea, vomiting, and loss of appetite (Clavenna & Bonati, 2017). In addition, many parents of
children with ADHD prefer nonpharmacological treatment methods (Arns et al., 2020). Although the long-
term side effects of drug therapy have not been determined, it is increasingly recognized that continuous use
may have adverse cardiovascular effects on children and affect their growth and development (Swanson et
al., 2017). Parental concerns about adverse reactions and medication cycles, especially in younger children,
are an important factor affecting drug treatment compliance (Razoki, 2018).

Therefore, researchers are increasingly seeking nondrug alternative treatment strategies, including dietary
management, nutritional supplementation, hypnotherapy, guided imagery, relaxation training, and
electroencephalographic (EEG) neurofeedback therapy (Banaschewski et al., 2018; Baydala & Wikman,
2001; Enriquez-Geppert et al., 2019; Lambez et al., 2020). At present, nonpharmacological treatment
strategies are clinically preferred for ADHD children. In this study I used a psychobehavioral intervention
combined with EEG biofeedback (neurofeedback) therapy to investigate the effect on core symptoms of
preschool children with different types of ADHD.

Method
Participants

Between July 2019 and March 2020 I selected as participants 168 preschool children with ADHD who met
the study criteria; 124 (73.8%) were boys and 44 (26.2%) were girls (Mage = 4.38 years, SD = 0.49). There
were 42 participants in each group: attention-deficit, hyperactive-impulsive, compound type ADHD, and
control. They were recruited from Shanxi Provincial Maternity and Child Health Care Hospital.

Each participant met the diagnostic criteria for ADHD in the DSM-5. The initial clinical diagnosis of ADHD
was made by developmental behavior pediatricians and two associate chief physicians, who reviewed and
confirmed the ADHD diagnosis and performed clinical classification. All cases were children with a first
diagnosis who had not received any treatment. This study was reviewed and approved by the Ethics
Committee of the hospital. The children’s legal guardians gave informed consent. Participants were
excluded if they had been diagnosed with childhood schizophrenia, affective disorder, autism spectrum
disorder, tic disorder, intellectual disability, cardiovascular disease, epilepsy, and other organic brain
diseases or comorbidities.

Power Analysis

I conducted random sampling according to the date and order of participants’ presentation, using an SPSS
random number generator. Each ADHD group was randomly divided into a control group (n = 14),
psychobehavioral intervention group (n = 14), EEG biofeedback intervention group (n = 14), and
psychobehavioral + EEG biofeedback intervention group (i.e., comprehensive intervention group; n = 14). I
used a one-way analysis of variance (ANOVA) to investigate if each group’s sample size met the statistical
requirements to obtain effective experimental results, and used the pwr.anova.test function of R
programming language pwr package to analyze the efficacy of the one-way ANOVA. The format is
pwr.anova.test (k =, n =, f =, sig. level =, power =; where k is the number of groups, n is the number of
samples per group, f is the effect size, sig. level is the significance level, and power is the efficacy). The fourth
variable can be calculated by setting three other variables from among sample size, significance level, power,
and effect size. The formula for calculating the quantity of effect is as follows:
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where pi = , ni is the number of samples per group, N = total number of samples, μ i = mean value of each
group, μ = overall mean, and σ2 = within-group variance. To achieve the power of .80 ( p < .05), I conducted
a power test via an ANOVA of the experimental data from the three participant types, to calculate the 
smallest sample size required by each group.

The number of groups of attention-deficit participants was k = 4, effect size f = 0.79, significance level = .05,
power = .80. The sample size per group was calculated to be at least n = 5.50. The number of groups of
children with hyperactive-impulsive participants was k = 4, f = 0.82, significance level = .05, power = .80.
The sample size per group was calculated to be at least n = 5.11. The number of groups of compound type
participants was k = 4, f = 0.68, significance level = .05, power = .80. The sample size n per group was
calculated to be at least n = 6.9.

The power test results of the one-way ANOVA show that as the sample size required by each group was less
than 14, the sample size met the statistical requirements for obtaining valid experimental results.

Procedure

The control group received 30 minutes of ADHD-related knowledge administered at the clinic by their
families. The families’ understanding of ADHD was increased through health publicity and education. On
the basis of the results of the control group, the three remaining groups were given psychobehavioral
intervention, EEG biofeedback intervention, and psychobehavioral and EEG biofeedback intervention, for 4
months.

EEG Biofeedback Group
VBFB300 brain biofeedback therapy (Nanjing Weisi Medical Technology) was used to set the inhibition of
4~8Hz (theta waves) and strengthen the sensorimotor rhythm of EEG (12~16Hz) as the treatment target.
Baseline tests were performed before and after treatment through the acquisition of the brain waves, and
real-time feedback through various images. Each treatment involves five segments, of which the first is the
basic state detection and training goal formulation, and the remaining four are feedback treatment (Geladé
et al., 2016), 30 minutes each, between three and five times per week for 4 months.

Psychobehavioral Intervention Group
Child psychologists, with an associate chief physician or higher level staff member, developed individualized
behavioral interventions with the following aims: (a) to understand the child’s parenting environment,
analyze and guide improvement of parents’ adverse education methods, and encourage the child in
establishing confidence to overcome bad behavior; and (b) to establish behavioral therapy, involving
positive reinforcement, extinction, and punishment, and to communicate with the child and clearly specify
behavior norms, reinforcers, and punishments (Huang et al., 2019).

Positive reinforcement involves oral praise, substance reward, or activity reward, given immediately when
the child has behaved appropriately. Extinction occurs when the child has behaved improperly: The material
reward is cancelled or delayed and the child is immediately removed from the activity. Punishment involves
the child with impulsive aggression being given temporary isolation, and when they have calmed down, they
are told the reason why, so that they can identify the consequences of bad behavior.
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twice a day, and the training goals are regularly adjusted according to the actual compliance of the child.

Catharsis therapy involves letting the child express their dissatisfaction with others or things to release their
negative emotions, and releasing the child’s excess energy through sports, interesting activities, and other
ways. School teachers of children in kindergartens were asked to cooperate, record the child’s school
performance daily, and give feedback to parents in a timely manner.

Game therapy involves role-playing games that stimulate the child’s enthusiasm and exercise concentration.

Evaluation Indicators and Quality Control

Attention Concentration Time
Participants’ attention concentration time in a quiet and independent state was recorded before and after
intervention.

Conners Parent Symptom Questionnaire
The Conners Parent Symptom Questionnaire (PSQ; Young et al., 2014), is a commonly used assessment
scale to measure ADHD in children. The PSQ comprises 48 items representing six subscales: anxiety
problems (e.g., fear of new environment, strangers, strange places, school), conduct problems (e.g., being
rude to an adult), hyperactivity (e.g., excitable, impulsive), impulsivity (e.g., excitable), learning problems
(e.g., learning difficulties), psychosomatic disorders (e.g., headache). Participants assessed behavioral
problems on a 4-point Likert scale (0 = not at all, 1 = a little, 2 = much, 3 = very much). Higher scores
indicate a more severe problem. The scale’s reliability and validity have been widely tested. This measure
was assessed before and after intervention, and the evaluation indicators were impulsivity and hyperactivity
scores (Lin et al., 2019).

Quality Control
All interventions were performed under the guidance of a child psychologist, who communicated with the
parents and children before developing and implementing an individualized intervention program. The EEG
biofeedback therapist recorded the child’s performance in detail and reported to the treating physician in a
timely manner. Parents were followed up in the outpatient clinic at a fixed time (about 30 minutes) every
week to understand the family intervention program implementation and their child’s performance.
Inappropriate communication and training methods were adjusted in a timely manner. Children who were
unable to adhere to psychobehavioral training or biofeedback therapy were withdrawn.

Data Analysis

I conducted statistical analysis using SPSS 23.0. Enumeration data were expressed as constituent ratios (%),
and chi-square tests (χ2) were used for comparison. Measurement data were expressed as M ± SD. A paired-
samples t test was used for comparison before and after intervention. An ANOVA was used for comparison
between multiple groups. Fisher’s least significant differences test was used for pairwise comparison (p
< .05).
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Table 1. Age and Gender Distribution of Participants in Each Group

Note. EEG = electroencephalographic.

Attention Concentration Time

Before the intervention commenced, there was no significant difference in attention concentration time
among the three intervention groups (p > .05). After the intervention was complete, the attention
concentration time of each group was significantly increased compared with the control group (p < .05), and
the attention concentration time of the comprehensive group was significantly increased compared with the
psychobehavioral group (p < .01; see Tables 2, 3, and 4).

Table 2. Comparison of Attention Concentration Time of Participants in Each Group Before and
After Intervention (M ± SD, min)

Note. EEG = electroencephalographic. Comparison with control group, *p < .01; comparison with
psychobehavioral group, &p < .01; comparison with biofeedback group, #p < .01.
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Table 3. Comparison of Attention Concentration Time of Hyperactive-Impulsive Participants Before
and After Intervention (M ± SD, min)

Note. EEG = electroencephalographic. Comparison with control group, *p < .01; comparison with
psychobehavioral group, &p < .01; comparison with biofeedback group, #p < .01.

Table 4. Comparison of Attention Concentration Time of Compound Type Participants Before and
After Intervention (M ± SD, min)

Note. EEG = electroencephalographic. Comparison with control group, *p < .05; comparison with
psychobehavioral group, &p < .01; comparison with biofeedback group, #p < .01.

Hyperactive-Impulsive and Hyperactivity Index Scores on the Conners Parent Symptom
Questionnaire

Before the intervention, there were no significant differences in hyperactive-impulsive and hyperactivity
index scores among the three intervention groups (p > .05). After the intervention, the hyperactive-
impulsive and hyperactivity index scores in each intervention group were significantly lower than those
before the intervention (ps < .05). The hyperactive-impulsive and hyperactivity index scores in the
comprehensive intervention group were significantly lower than those in both the control group and the
psychobehavioral intervention group (ps < .05; see Tables 5, 6, 7, 8, 9, and 10).
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Table 5. Comparison of Hyperactive-Impulsive Scores of Attention-Deficit Participants Before and
After Intervention (M ± SD, min)

Note. EEG = electroencephalographic.

Table 6. Comparison of Hyperactivity Index Scores of Attention-Deficit Participants Before and
After Intervention

Note. EEG = electroencephalographic.

Table 7. Comparison of Hyperactive-Impulsive Scores of Hyperactive-Impulsive Participants Before
and After Intervention

Note. EEG = electroencephalographic.
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Table 8. Comparison of Hyperactivity Index Scores of Hyperactive-Impulsive Participants Before
and After Intervention

Note. EEG = electroencephalographic.

Table 9. Comparison of Hyperactive-Impulsive Scores of Compound Type Participants Before and
After Intervention

Note. EEG = electroencephalographic. Comparison with control group, *p < .05; comparison with
psychobehavioral group, &p < .05; comparison with biofeedback group, #p < .05.

Table 10. Comparison of Hyperactivity Index Scores of Compound Type Participants Before and
After Intervention

Note. EEG = electroencephalographic. Comparison with control group, *p < .05; comparison with
psychobehavioral group, &p < .05; comparison with biofeedback group, #p < .05.
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Discussion
Nonpharmacological treatment of ADHD has received increasing attention from parents of younger children
and from researchers worldwide, owing to its few side effects and low economic burden. The American
Academy of Pediatrics recommends behavioral intervention for preschool ADHD children (Wolraich et al.,
2019), and the latest ADHD diagnosis and treatment guidelines in China also emphasize behavioral
intervention, especially for children under 12 years of age. In this study I found that psychobehavioral
intervention combined with EEG biofeedback was more effective than a single intervention in significantly
improving both the concentration level of ADHD children, and their behavioral hyperactive-impulsive and
hyperactivity core symptoms.

Effect of Behavioral Therapy on Core Symptom Improvement in Children With Attention-
Deficit/Hyperactivity Disorder

Multiple behavioral intervention approaches are recommended for ADHD treatment. Abdollahian et al.
(2013) examined the efficacy of cognitive-behavioral play therapy for ADHD symptoms in children aged 7–9
years. The results showed that play therapy significantly reduced the severity of ADHD symptoms, increased
concentration time, and improved hyperactive-impulsive symptoms; in addition, the Rutter Parental
Questionnaire and Rutter Children Behaviour Questionnaire scores for teachers significantly improved. Hall
et al.’s (2002) 15 play therapy techniques, including Beat the Clock and Slow Motion Game, significantly
reduced hyperactivity symptoms and attention deficit in children aged between 4 and 12 years who had
ADHD. Moore’s (2000) game-like eye movement exercises for children with ADHD significantly improved
their visual attention skills and reduced their visual impulsivity. Barranco-Ruiz et al. (2019) systematically
reviewed interventions based on mind–body therapies, such as yoga or mindfulness, to improve ADHD
symptoms in adolescents. Their results showed that the therapies could be positive strategies to reduce
hyperactive-impulsive and inattention ADHD symptoms in children and adolescents.

The results of van de Weijer-Bergsma et al.’s (2012) examination of the effectiveness of an 8-week
mindfulness training for attention and behavioral problems of ADHD adolescents showed that the training
could significantly improve their attention disorder. The results of computerized attention tests, for
example, Sustained Attention Dots and Sustained Attention: Auditory, showed significantly increased
response speed, and significantly decreased misses and false alarms. In addition, externalizing and
internalizing problems significantly decreased, metacognitive problems reduced, and problems with
behavioral regulation improved.

Pan et al. (2019) found that a 12-week cognitive behavioral therapy program significantly improved total
scores on the ADHD Rating Scale, Attention Deficit Scale, and Hyperactive-Impulsive Scale among people
with ADHD, as well as emotional symptoms, self-esteem, and sociocognitive function. Evans et al. (2005)
evaluated a middle school-based behavioral education treatment program for ADHD students. Their results
showed that it could significantly improve the students’ inattention, hyperactivity, academic achievement,
family functioning, and peer relationships. In this study, my results show that after 4 months of
psychobehavioral intervention, the attention of the participants with each type of ADHD had significantly
increased, and their hyperactive-impulsive and hyperactivity index scores were significantly lower.

Effect of Neurofeedback Therapy on Core Symptoms in Children With Attention-
Deficit/Hyperactivity Disorder

EEG biofeedback (neurofeedback) is a relatively new effective treatment for a variety of brain-related
diseases, and as a nonpharmacological treatment for ADHD in children. Through a sensor that is placed on
the scalp to measure brain activity via a computer that processes the frequency signal of brain waves,
feedback to the patients lets them know of changes in their brain waves, changes the brain wave pattern
through reflex regulation during audiovisual games, and changes the brain wave waveform persistently
through a self-regulation period. Patients receive feedback about their brain activity, thereby improving the

9© 2021 Scientific Journal Publishers Limited. All Rights Reserved.



Qin

brain’s self-regulation function. Many clinical experiments have shown that neurofeedback can effectively
treat and reduce ADHD symptoms, improve patients’ attention, reduce impulsive behavior, and improve
academic performance and social communication ability (Arns et al., 2014; Holtmann et al., 2004; Sudnawa
et al., 2018).

Duric et al. (2012) used a randomized controlled clinical study to evaluate the efficacy of neurofeedback in
ADHD treatment in children and adolescents, and found that it significantly improved their core symptoms
of ADHD, and was as effective as psychostimulant medication. Geladé et al. (2016) compared the results of
their neurofeedback therapy in children with ADHD to excitatory drug therapy and physical activity
intervention: Neurofeedback significantly improved participants’ attention disorders and hyperactive-
impulsive symptoms, but excitatory drugs were superior to neurofeedback and physical activity in reducing
participants’ symptoms.

Maurizio et al. (2014) compared EEG neurofeedback and electromyographic biofeedback in children with
ADHD. Their results showed that neurofeedback significantly improved participants’ core symptoms. The
total score of parent-rated DSM-IV checklist (severity scores) and the attention deficit and hyperactive-
impulsive scores, and the total scores of the Conners Parents Rating Scale (DSM-IV), overall index,
attention deficit, and hyperactive-impulsive scores (DSM-IV) decreased significantly. In the parent version
of Strengths and Difficulties Questionnaire, hyperactivity and total scores decreased significantly. The
scores on the Behavior Rating Inventory of Executive Function–Behavior Regulation (for teachers and
parents) and the Conners Teacher Rating Scale total index also decreased significantly.

Duric et al. (2014) showed that neurofeedback therapy significantly improved the core symptoms of ADHD
children and adolescents, showing a concentration time increase, hyperactivity decrease, and improvement
in academic performance. Razoki et al. (2018), who compared neurofeedback with psychostimulant
medication treatment of ADHD children and adolescents, stated that the role of neurofeedback should be
regarded as a supplement to a variety of treatment models, personalized treatment for children’s needs, and
as a feasible alternative to excitatory drugs for specific patients. Patients with mental disorders with low
drug response and unbearable side effects of drug therapy, and a higher baseline power spectrum and
possibly no complications, will especially benefit more from neurofeedback. My results show that after 4
months of EEG biofeedback, participants’ concentration time was significantly higher and their hyperactive-
impulsive and hyperactivity index scores had decreased significantly, which is consistent with previous
results (Duric et al., 2014; Geladé et al., 2016; Maurizio et al., 2014; Razoki, 2018).

Effect of Comprehensive Treatment on Core Symptoms in Children With Attention-
Deficit/Hyperactivity Disorder

Corbisiero et al. (2018) found that, compared with pharmacotherapy alone, cognitive-behavioral therapy
combined with pharmacotherapy can more effectively improve attention deficit disorder, hyperactive-
impulsive symptoms, and emotional disorders in children with ADHD. Velõ et al. (2019) examined the long-
term effects of multimodal therapy on psychopathology and health-related quality of life in children who
have ADHD. They found that 36 months of multimodal therapy significantly improved the psychopathology
and health-related quality of life in these children. Specifically, major depressive episodes, dysthymic
disorder, (hypo)manic episodes, ADHD, separation anxiety disorder, social phobia, conduct disorder,
oppositional defiance disorder, and generalized anxiety disorder scores were significantly improved.

Duric et al. (2017) showed that 6 months of a standard excitatory drug (methylphenidate), combined with
neurofeedback therapy, significantly increased the concentration time, decreased the hyperactivity score,
and improved the academic performance of children and adolescents with ADHD. Their treatment with a
standard excitatory drug (methylphenidate) alone, however, only significantly improved their attention
time. Li et al. (2013) examined the efficacy of methylphenidate combined with EEG feedback in the
treatment of children who have AHDH. Their results showed that, compared with the control group treated
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with methylphenidate alone, participants’ attention deficit scores, hyperactive-impulsive scores, and total
scores on an ADHD parent-teacher questionnaire were significantly improved by treatment with
methylphenidate combined with EEG feedback, and their hyperactivity scores on the Conners Parent-
Teacher Questionnaire were also significantly improved. In addition, Peer Interactions Assessment Scale
scores significantly decreased, global assessment of functioning scores significantly increased, and brain
functioning significantly improved.

As my participants were preschool children with ADHD, I adopted the nonpharmacological combined
intervention model. My results show that psychobehavioral intervention and EEG biofeedback significantly
improved the concentration time of each type of child with ADHD, and the hyperactive-impulsive index and
hyperactivity index score on the PSQ scale, concurrently. Notably, the comprehensive intervention effect
was better than that of psychobehavioral intervention only or of EEG biofeedback only.

However, as the symptoms and PSQ scores of the children with different types of ADHD were slightly
different, personalized intervention programs should be made for the different types. Psychobehavioral
interventions in children with ADHD, however, are a long-term process. Thus, although I found that
participants’ attention span and PSQ scores improved to some extent after 4 weeks of intervention, further
continuous intervention and follow-up verification are needed to systematically evaluate the long-term
effect of comprehensive intervention. In addition, as my sample size was small, future researchers could
expand the sample size to verify these findings.
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