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Abstract

Objective: To determine the efficacy of Brain Function Therapy Program (BFT), a computerized online brain stimulation activity
for improving attention, cognitive proficiency and behavior regulation in children with Attention Deficit and Hyperactivity
Disorder and Analyze feasibility of conducting an online BFT program. Methods: Sample consisted of 14 children in the age group
7 years and above with average intelligence and having established diagnosis of ADHD. Baseline evaluation was done using
battery of cognitive tests (Cognitive proficiency index of WISC IV) and behavior rating (Conners 3, Behavior rating inventory
of executive functioning). Children participating underwent BFT program and were assessed after 12 sessions. Outcome was
measured in terms of Shift in cognitive test performance and behaviour rating on Conners 3 and BRIEF 2. Paired t test was used
to determine pre and post-test changes. Results: A Total of 9 children completed 12 sessions pre-posttest. Cognitive proficiency
index and attention showed significant improvement from pre to post (p<0.05).

Conclusion: Online BFT program seems to be feasible as only one child among the participants was not able to continue due
to unavailability of laptop and internet facility. Positive shift in cognitive proficiency, reduction in hyperactivity and inattention
behavior in children with ADHD was observed even after few sessions of online BFT program.

Keywords: Brain Function Therapy Program; Attention Deficit and Hyperactivity Disorder; Cognitive Proficiency; Behavior
Regulation; Inattention; Feasibility; Efficacy

manifests behaviourally in ADHD as wandering off task,
lacking persistence, having difficulty sustaining focus and
being disorganized. It begins in childhood and requires
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BRIEF: Behaviour Rating Inventory of Executive Function;
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Introduction

Attention Deficit and Hyperactivity Disorder (ADHD) is
a neurodevelopmental disorder that involves persistent
patterns of inattention and/or hyperactivity. Inattention

substantial presence of symptoms before 12 years of age.
Academic underachievement and behavior problems are
common in children with ADHD [1,2]. ADHD is seen in 4-5
percent of grade school children and higher rates in males
than in females [3]. Study by Venkata JA, et al. [4] has found
high prevalence of ADHD of around 11.32% in primary
school children in India. Presence of ADHD can have adverse
effects on the academic achievement of children.
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Cognitive Deficits in children with ADHD

Children with ADHD exhibit cognitive problems, especially
executive dysfunction [5,6]. Executive functions are
neurocognitive skills that involve goal-directed cognitive
control of thought, action and emotion [7]. Executive
dysfunction mainly inhibitory deficit is the primary cognitive
dysfunction in ADHD children [8]. [t involves ability to inhibit
an inappropriate but dominant response while pursuing
goal directed behaviors [9,10]. Children with ADHD are
more likely to act before thinking and therefore often get
in to trouble [11]. Inhibitory control is a key component
of behavior-regulation. Behavior regulation represents a
child’s ability to regulate and monitor behavior effectively.
It is capacity to observe and evaluate one’s own behavior,
awareness of impact of one’s own behavior on other people
and outcomes. Behaviour Rating Inventory for Executive
functioning can be used to measure impairment in behaviour
regulation [12]. Besides problem in behaviour regulation,
children with ADHD perform poorly on processing speed and
working memory tasks (i.e ability to remember information
and process it at same time, such as is required to complete
mental calculations). Scores on these two tasks is summarized
in to single index score on Wechsler scale and is calculated
as cognitive proficiency index (CPI). It represents a set of
functions that involves proficiency in processing certain type
of cognitive information. Efficiency in cognitive processing
facilitates learning and problem solving [11,13,14]. Studies
have found association with prefrontal cortex, cerebellum
and basal ganglia to symptoms of ADHD causing inattention
and inhibitory problems [15].

Treatment for ADHD

Most often, medication is used for treatment of ADHD
however they are effective during school hours and
provide short term reduction of symptoms [16,17]. Besides
Medication, Behaviour interventions are found useful
and have greater impact on ADHD Children [18]. However
most experts agree that a multi modal treatment approach
is often required for treating ADHD [16]. Considering the
role of neurocognitive functions in children with ADHD, a
neurorehabilitation program in form of cognitive training can
provide a promising treatment plan in remediating deficits in
children with ADHD. A Study on 20 primary school children
with ADHD conducted by Khan NA, et al. [19] concluded
that neuropsychological rehabilitation was effective in
remediating deficits faced by children with ADHD. Children
in the study underwent attention and fine motor training
for 3 months. Cognitive training utilizes the principles of
self-directed neuroplasticity. The basis of it is that neural
circuits are involved in reinforcement and thus brain
exhibits durable physical, biological changes with conscious
voluntary directing of attention and practice with voluntary
behaviour. Training involves repeated exercise of specific

cognitive process over an extended period of time after
which there is gain in the performance and also transfer to
another task [20-22]. Brain Function Therapy Program (BFT)
is a cognitive training program that uses simple pragmatic
approach involving training as a dominant strategy. Basis of
it is that practice of a skill might actually play some part in
the direct physiological reinstatement of that function. It is
accepted that patient cannot perform a certain activity and
psychological knowledge of learning is applied to teach the
patient to perform it [23,24]. Brain function therapy program
is available in India, there have been hitherto no available
studies that have examined the efficacy of the program in
clinical population. The present pilot study was conducted
to explore efficacy of Brain Function Therapy Program (BFT)
and study its effect on cognition and behavior in children with
ADHD. Outcome measures as parent report of inattention,
behaviour regulation, and cognitive proficiency are used to
examine changes before and after intervention.

Present Study also aimed to examine the feasibility of using
technology to reach children living in distant and diverse
geographical location or those unable to come to centre due
to time constraints. Need to provide services through digital
mode was more realised during Covid 19 pandemic as many
people found it challenging to get intervention services for
their children. Post covid there has been upsurge in behavior
difficulties among children. Lack of activity and increase
in screen time has increased the problems in children and
parents are finding it challenging to cope up with the same
[25].

Methodology

Aim and objective of the study:

e To determine the efficacy of Brain Function Therapy
Program (BFT) for improving attention, cognitive
proficiency and behavior regulation in children with
Attention Deficit and Hyperactivity Disorder.

e To analyze feasibility of conducting an online BFT
program.

Hypotheses

e There will be no significant difference before and after
BFT in children with ADHD in Inattention, Cognitive
Proficiency and Behavior Regulation

e There will be no significant change in follow up rate of
children with ADHD undergoing BFT program.

Methods

Venue of the Study

The present study was conducted in the out-patient
department of a Child Guidance clinic in Mumbai.
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Sample of the Study

Children with established diagnosis of ADHD visiting the
clinic were enrolled through convenience sampling. 27
children were screened for eligibility for enrolling in the
program. A group of 14 children were selected based on
inclusion and exclusion criteria. Data could be analysed of 9
children.

Study Design
Pre and post study design

Inclusion and Exclusion Criteria

Inclusion Criteria:

e  Children with established diagnosis of ADHD as per DSM
V criteria

e Parents who gave consent for the participation in the
study

e Children with IQ 85 and above on standardized
intelligence test

e Children above 7 years of age

e Children having internet connectivity at home

Exclusion Criteria:
e  Children with sudden onset of symptoms

e  Children with major medical condition

e Children who are unable to read English letters

e  Children with vision or hearing impairment

e  Children suffering from major psychiatric morbidity
Tools of the Study

Semi structured socio-demographic and clinical data
sheet: A specially designed Performa containing necessary
and basic information like name, age, sex, religion, education,
socio economic status, birth order.

Conners 3 parent rating scale: The Conners 3rd Edition-
Parent Short (Conners 3-P) is an assessment tool used
to obtain a parent’s observations about his or her child’s
behavior. This instrument is designed to assess Attention

Deficit/Hyperactivity Disorder (ADHD) and its most common
co-morbid problems in children and adolescents aged 6 to 18
years old [11].

Behaviour Rating Inventory of Executive Function,
Second Edition (BRIEF-2): It is designed to provide a better
understanding of a child’s self-control and problem-solving
skills by measuring eight aspects of executive functioning
thatinvolves three index scores: behavior regulation (inhibit,
self-monitor), emotional regulation (shift, emotional
control) cognitive regulation (initiate, working memory,
plan/organize, task-Monitor, organization of material). The
executive functions are mental processes that direct a child’s
thought, action, and emotion, particularly during active
problem solving [12].

Weschler’s intelligence scale for children-IV Indian
adaptation (WISC IVINDIA): It is fourth revision of the
Weschler’s scale devised by David Weschler. It is published in
2004. WISC-1V assesses intellectual functioning in children
in the age group 6-16 years. It yields a general ability index,
full scale 1Q, and Four index scores i.e. verbal comprehension,
perceptual reasoning, working memory and processing
speed. The reliability and validity are well established.
Cognitive proficiency index summarizes performance on the
WISC 1V working memory and processing speed index in a
single score [13,26].

Brain function therapy (BFT): It is computerized based
program Conceptualized by Dr. Mukundan CR [27] at the
National Institute of Mental Health and Neurosciences
(NIMHANS), Bengaluru. It is available at Axxonet system
technologies. Program can be used to improve speed and
accuracy of Neurocognitive processes. It has flexible difficulty
and complexity levels. Data is obtained in terms of average
time response and percentages. Some of the areas assessed
on BFT program are word recognition, spatial comparison,
working memory with number, working spatial memory,
continuous performance, temporal sequence control, alpha
numeric sequencing, response inhibition, reading speed,
character recognition, number recognition and digit symbol
substitution [28].

Figure 1 (Example): Word recognition & Spatial (Picture) Comparison Task.
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Procedure

Selection and Evaluation

27 children were screened for eligibility for enrolling in
the program. A group of 14 children were selected based
on inclusion and exclusion criteria. Parent consent was
obtained for children to participate in the program. Baseline
evaluation that included data of Cognitive proficiency index
of WISC 1V, Conners-3 and BRIEF 2 was done before starting
the sessions.

Intervention

Children attended total of 12 online BFT sessions of 30-
40 minutes duration over the period of 1 month. Children
attended almost thrice in a week. Online session planning
involved helping parents download Ultra Viewer software
that is freely available from Google search. Prior to starting
of the sessions, a partner password to access the software
remotely was sent. Zoom online platform was used for
instructions. Parent /Caregiver attendance during session
was mandatory. BFT Tasks included Word /Character
Recognition, Spatial Comparison, Continuous Performance,
Response Inhibition. Three Trials of each was given per
session. Exposure Time and Number of items were uniform
across trials.

Analysis

Out of 14 Children, a total of 9 completed 12 sessions. 5
children dropped out of the study. Three reported personal
reasons as the study were conducted during festival time.
One of the children could not attend due to poor internet
connectivity and other could not attend due to time
constraint. After completion of 12 sessions, post evaluation
was done for them using Cognitive proficiency index of
(WISC IVINDIA), Parent rating onConners-3 and BRIEF 2.

Statistical Analysis

Statistical analysis was performed to assess changes in
cognitive test performance, parent rating on behaviour
scales after 12 sessions. Pre and Post-test comparison was
done using the WISC IV Cognitive Proficiency index (CPI),
Parent rating on Conners3 content scale and Parent report
on Behaviour rating of executive functioning (BRIEF 2), a
paired t-test was used.

Findings

Table 1 shows socio-demographic information. Out of the
total number of children (n=9), 3 (38%) of children had
ADHD combined type and 8 (89%) of children presented
with learning and other behaviour problems like aggression
and anxiety.

Socio demographic and Clinical Study Group
variables (N=9)
Mean Age in Years Mean (SD) 10.41 (4.50)
Education Mean (SD) 4.89 (2.31)
1Q Mean (SD) 101.56 (12.93)
Gender (Boys: Girls) 05:04
Predominantly Inattentive 3 (38%)
AT]?IEE Predominantly Hyperactive 3(38%)
Combined 3(38%)
Presence of seizure history 3 (38%)
Presence of significant Perinatal history 5(63%)
Presence of other behaviour problems 8 (89%)
Presence of learning problems 8 (89%)

Table 1: Socio Demographic and clinical variables of study
group.

Pre-test (N=9) Post-test (N=9)
Variables Connors ADHD index df ttest p value
Mean SD Mean SD
Inattention 77 10.32 68 11.6 8 -3.22 .012*
Hyperactivity 76 11.42 67 13.44 8 -2.86 .021*
Learning Problems 70 13.01 62 10.31 8 -3.46 .008**
Executive Functioning 68 12.26 66 14.23 8 -0.99 0.35
Aggression 67 17.96 70 15.89 8 0.85 0.42
Peer relation 59 16.82 64 16.05 8 0.64 0.539

Table 2: Comparison of Conners III content scales.
*p < 0.05, **p < 0.01
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Content scale Scores of pre and post intervention show
significant change in parent reporting of problems in the
area of inattention and hyperactivity (p<.05). There is
mean reduction in scores on inattention and hyperactivity
post intervention. Statistically Significant change is also

noted in parent reported learning problems (p<.01). Parent
reported lesser problem related to Inattention, hyperactivity
and Learning post intervention. Overall, hyperactivity,
impulsivity, and fidgety behaviour reduced as observed with
improved sitting, attention and focus in these children.

. Pre Test (N=9) Post Test (N=9)
Variables df ttest p value
Mean SD Mean SD
Behavior Regulation Index 61 11.14 59 9.87 8 -1.33 0.219
Emotional Regulation Index 60 6.62 55 10.63 8 -1.94 0.088
Cognitive Regulation Index 67 7.57 62 8.36 8 -2.85 .021*

Table 3: Comparison of subscales of Behavior Rating Inventory of Executive Functioning between Pre and Post-test.

*p <0.05, **p <0.01

Content scale Scores of pre and post intervention show
significant improvement in cognitive regulation on BRIEF 2
parent reporting. (p<.05). No statistically significant changes

were noted in behaviour and emotional regulation however
there is improvement in terms of mean performance.

. Pre-Test (N=9) Post Test (N=9)
Variables df | ttest p value
Mean SD Mean SD
Cognitive Proficiency Index scores 89 8.86 96 9.69 291 .019*
Processing speed index 87 14.45 97 10.06 2.23 0.056
Working Memory Index 96 12.27 98 10.23 8 1.14 0.286

Table 4: Comparison of cognitive proficiency index scores between pre and post-test.

*p < 0.05, **p < 0.01

Cognitive proficiency index showed significant improvement
from pre to post intervention (p<0.05).

Feasibility Findings

Parent feedback was taken after the BFT session. 55% of the
parents rated the experience very good

Regular follow up Rate for the sessions was calculated to be
around 64%.

Discussion

The purpose of the study was to examine changes in
attention, cognitive proficiency and behaviour regulation
after Brain function therapy program (BFT) in children
with Attention Deficit and Hyperactivity Disorder.
Findings demonstrate significant positive shift in cognitive
proficiency and improvement in attention. It was found
that repetitive targeted training exercises were beneficial
along with positive feedback. Basis of this can be found in
principle of self-directed neuroplasticity that is capacity to
proactively modify cerebral function. According to this mind
has ability to change brain function through the power of
thought and can alter brain structure in potentially beneficial

ways, overcoming. Habituated and maladaptive responses
[29]. Focusing attention on specific actions can allow for
regulation of emotional and physical responses [30]. This
is supported by studies that have shown structural brain
changes after cognitive training [31,32]. Results have found
focal volumetric grey matter increases in bilateral middle
frontal cortex and right inferior posterior cerebellum in
ADHD children after training than control group.

Studies have found effectiveness of cognitive training in
ADHD. Velosa A, et al. [33] has emphasized usefulness of
cognitive training in treatment of ADHD by meta-analysis
of cognitive training studies. Stevenson CS, et al. [34] did
randomized controlled trial to examine efficacy of cognitive
remediation for management of adults with ADHD. Results
found significant improvement in ADHD symptomology,
organizational skills and reduced levels of anger. The
improvement in symptomology and organizational skills
were maintained one year after intervention. In the
present study, parents have reported reduction of learning
problems after Brain function therapy program. This is
also supported by Chaturvedi RK, et al. [35] study that have
shown effect of cognitive training on reading skills. They
examined difference between pre and post session of Bright

https://academicstrive.com/OAJBSP/

https://academicstrive.com/submit-manuscript.php


https://academicstrive.com/OAJBSP/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/OAJBSP/

Open Access Journal of Behavioural Science & Psychology

mind based cognitive skill training on memory, confidence,
concentration, intuition ability and blindfold reading.
Findings of the study using paired t test concluded that
there was a significant improvement on student’s memory,
confidence, concentration, intuition and skill of reading.

An important component of motivation is arousal and
behaviour conditioning can produce long term changes in
hippocampus influencing learning and Memory [36]. The
nature of the task also would have been responsible bringing
out positive changes post intervention as well. The BFT
exercises used adaptive training that is difficulty of task was
adjusted to child’s performance and there was an inbuild
feedback system which gave immediate reinforcement in
form of correct hits. According to Sagvolden T, et al. [37]
ADHD children need immediate reinforcement than normal
Children; slightly delayed reinforcement loses its potency.
In case of behaviour regulation, positive shift was observed
however it was not clinically significant. One of the reasons
could be that Response inhibition task was difficult for some
children and need more session work. To transfer skills in
daily living activities may need a greater number of sessions.
One of the objectives of the study was also to analyse
feasibility of conducting an online BFT program. Feasibility is
measured in terms of Retention or follow up rate of children
enrolled in the study. Rate of follow up acceptable is between
50 to 80% [38,39]. Results indicate that follow up for the
session was within acceptable rate. Also, more than 50% of
the parents rated their experience as ‘very good’ for their
children. Parents requested to continue with the sessions
post study.

Challenges

There was recruitment challenge due to special feature of
program. Technical glitches and connectivity issue were the
main observed limitations while doing the BFT. For some
children parent’s poor understanding of technology usage
affected the timely sessions of BFT. Some children who
attended the BFT session towards the end of the day were
seen to be tired and their performance affected because of
that.

Conclusion

Positive shift in cognitive proficiency, reduction in
hyperactivity and inattention behavior in children with
ADHD was observed even after few sessions of online BFT
program. Online BFT program seems to be feasible with
acceptable follow up rate. BFT can be used in adjunct with
remedial training. Future studies have to look at the time
period and individual characteristics.
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