& frontiers

@ Check for updates

OPEN ACCESS

Pamela Bryden,
Wilfrid Laurier University, Canada

Juan José Giraldo-Huertas,
Universidad de La Sabana, Colombia
Angela Hoyo,

Universidad Isabel | de Castilla, Spain

Rebecca Jackson
riackson@brainbalancecenters.com

10 March 2023
04 August 2023
22 August 2023

Jackson R and Jordan JT (2023) Reliable
change in developmental outcomes of Brain
Balance® participants stratified by baseline
severity.

Front. Psychol. 14:1171936.

doi: 10.3389/fpsyg.2023.1171936

© 2023 Jackson and Jordan. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Psychology

Frontiers in Psychology

Original Research
22 August 2023
10.3389/fpsyg.2023.1171936

Reliable change in developmental
outcomes of Brain Balance®
participants stratified by baseline
severity

Rebecca Jackson'* and Joshua T. Jordan?

!Brain Balance Achievement Centers, Naperville, IL, United States, 2Department of Psychology,
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The effects of comprehensive multimodal programs on developmental outcomes
have not been well-studied. Emerging evidence suggests a possible role for
the Brain Balance® (BB) program, a multimodal training program, in serving
as a nonpharmacologic approach to addressing cognitive, attentional, and
emotional issues in youth. In this analysis, we examined the effects of 3 months of
participation in the BB program on the outcomes of children and adolescents with
developmental difficulties (N = 4,041; aged 4—-18 years; 69.7% male). Parent-rated
scores on the Brain Balance—Multidomain Developmental Survey (BB-MDS) were
used to assess six areas at baseline and post-program: (1) negative emotionality;
(2) reading/writing difficulties; (3) hyperactive/disruptive behavior; (4) academic
disengagement; (5) motor/coordination problems; and (6) social communication
problems. To estimate change from pre- to post-program, we calculated effect
size (Cohen's d) and the Reliable Change Index (RCI) for groups stratified by
baseline severity. There was a very large effect size for the moderate/high severity
(d =1.63) and extreme severity (d = 2.08) groups, and a large effect size for the mild
severity group (d = 0.87). The average percentage of participants who observed
reliable change over all BB-MDS domains was 60.1% (RClc7) for extreme severity,
46.6% (RClcrr) for moderate/high severity, and 21.1% (RClcr) for baseline mild
severity. In additional assessments of primitive reflexes and sensory motor activity,
students demonstrated significantly diminished primitive reflexes from pre- to
post-participation and significant improvements in sensory motor skills including
fine motor skills, gait and aerobic ability, proprioception, rhythm and timing, and
eye-gaze stability. Overall, these results demonstrate improvements in primitive
reflex integration and sensory motor skills, as well as statistically significant reliable
change in emotionality, reading/writing, behavior, academic engagement, motor
skills, and social communication in BB participants from pre- to post-program,
with the probability and degree of change increasing as the participants’ baseline
severity increases. These results contribute to the growing literature on the need
for evidence-based nonpharmacologic approaches to addressing developmental
issues. Future research with well-controlled designs, longitudinal follow-up,
implementation across settings, and participant groups in which diagnoses are
known, will help to more fully characterize the effects of the BB program.
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Introduction

From infancy through adolescence, various domains of
development (motor, behavioral, cognitive, social, and emotional
domains) intersect, such that a deficit in one domain can negatively
affect the development of another, and conversely, improvement in
one area can positively influence the development of a different area
(Diamond, 2000; Davis et al., 2009; Cameron et al., 2016; Hadders-
Algra, 2016; Liew et al., 2018; Mancini et al, 2018). Interventions for
children with developmental difficulties often focus on single
domains, for example, physical therapy, nutrition interventions,
sensory integration therapy, or cognitive training (Klingberg et al.,
2005; Ash et al., 2017; Vaivada et al., 2017; Jeffries et al., 2019;
Padmanabha et al., 2019). However, there are few published studies on
the effects of comprehensive multimodal interventions or programs
on developmental outcomes. Programs that comprehensively target
and integrate multiple interrelated areas of development may play a
critical role in supporting development and improving functional
outcomes in children with developmental issues.

One such multimodal training program (Brain Balance®
program) has been shown in recent studies to improve cognitive
performance, attentional issues, and mental well-being in children and
adolescents who tested below age-appropriate levels for attention and
developmental functioning prior to program participation (Jackson
and Robertson, 2020; Jackson and Wild, 2021; Jackson and Jordan,
2022; Teicher et al., 2023). The rationale for the Brain Balance program
is supported by an existing body of work on various types of skills
training that show that functional outcomes and brain connectivity in
children, adolescents, and adults can be positively altered by training
and practice over time (Klingberg et al., 2005; Tang et al., 2007; Thorell
et al., 2009; Oei and Patterson, 2013; Posner et al., 2015; Bediou et al.,
2018; Qian et al,, 2018; Sanchez-Pérez et al,, 2019). The Brain Balance
program involves regular frequency and duration of training,
including motor skills training, sensory engagement, cognitive
exercises, nutritional guidance, and academic training, along with
complementary home-based exercises.

Considering the need for innovative nonpharmacological
approaches that could ameliorate developmental issues in the
pediatric population (such as those with ADHD), recent studies
have explored the effect of the Brain Balance program in youth
with baseline attentional issues. Children and adolescent (aged
4-17 years) who participated in the Brain Balance program for 3
months experienced on average a decline in ADHD symptoms in
parent-rated scores on the Brown Attention-Deficit Disorder
Scales® (Jackson and Jordan, 2022). More than half of these
participants experienced statistically significant reliable change
in attentional functioning from pre- to post-program, especially
in participants who had more pronounced attentional issues at
baseline. In line with these results, an open exploratory study
recently found that children diagnosed with ADHD (aged
8-14years) who underwent a combination of Brain Balance and
Interactive Metronome® training for 15weeks experienced
improvement in ADHD symptoms on both parent- and clinician-
rated measures, compared to typically developing controls
(Teicher et al., 2023). On parental ratings, participants with
ADHD had a significant reduction of 8.3 and 8.2 points on the
Conner’s Parent Rating Scale Revised and on the ADHD Rating
Scale IV, respectively; and on clinician ratings, training was
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associated with an 8.2-point reduction in total ADHD Rating
Scale Scores, indicating a medium-to-large effect size (Teicher
et al, 2023). Overall, this emerging evidence suggests the
potential of the Brain Balance program as a nonpharmacological
approach to addressing ADHD symptoms in children
and adolescents.

Additional investigation on the program’s effects on cognition
found that children and adolescents who participated in the Brain
Balance program for 3 months showed significant overall
improvements in cognitive performance, and improved
performance on distinct tests of memory, reasoning, verbal ability,
and concentration (Jackson and Wild, 2021). A majority of a
sample of parents also reported improvements in their children’s
anxiety levels and emotional functioning after 5-6 months of Brain
Balance program participation (Jackson and Robertson, 2020).
These findings warrant further exploration of holistic multimodal
training programs in influencing the development of children
and adolescents.

The aim of this study was to retrospectively review data from
parent-reported surveys on outcomes in six developmental areas of
Brain Balance participants (aged 4-18years) stratified by baseline
severity. Symptom severity at baseline can influence intervention
outcomes in children and has been recommended to be taken into
consideration during treatment-related decision making (Buitelaar
et al., 1995; Zachor and Ben Itzchak, 2010; Ben Itzchak and Zachor,
2011; Reed and Osborne, 2012; Taylor et al., 2018; McElroy et al.,
2019). In this study, the six areas assessed at baseline and post-
program were: (1) negative emotionality; (2) reading/writing
difficulties; (3) hyperactive/disruptive behavior; (4) academic
disengagement; (5) motor/coordination problems; and (6) social
communication problems. We used parent-rated scores on the Brain
Balance-Multidomain Developmental Survey (BB-MDS), a recently
validated that

developmental domains and can be used in a range of ages (Jackson

survey comprehensively measures multiple
and Jordan, 2023). The results presented here estimate change from
pre- to post-program as assessed by effect size and the percentage of
Brain Balance participants that observed improvement as measured
by the Reliable Change Index (RCI), for Brain Balance groups
stratified by mild, moderate/high, or extreme severity at baseline.
We show that the percentages of reliable change after Brain Balance
participation (especially for participants with greater severity at
baseline) are similar or higher than the reliable change percentages of
many other single nonpharmacological interventions previously
studied, such as memory training or behavioral intervention alone
(Beck et al., 2010; Thoder et al., 2010).

As sensory motor skills and primitive reflexes can provide
additional valuable information about a child’s development
(Cameron et al.,, 2016; Geertsen et al., 2016; Chandradasa and
Rathnayake, 2020), we also assessed sensory motor skills and atypical
retention of primitive reflexes across different age groups from pre- to
post-participation in the Brain Balance program (see the Methods
section for details on these assessments). Here, we show significant
improvements in five areas of sensory motor skills and integration of
eight different primitive reflexes following Brain Balance participation.
Taken together, the results from parent-rated BB-MDS scores along
with direct sensory motor assessments of students provide evidence
of improvements in developmental outcomes of students who
participate in the Brain Balance program.
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Methods
Ethical approval

Approval for this retrospective data review was granted by an
institutional review board (IRB) at Advarra (Columbia, Maryland,
United States), an independent organization accredited by the
U.S. Office for Human Research Protections and the Association for
the Accreditation of Human Research Protection Programs. The
Advarra IRB determined that this retrospective data review met the
requirements for exemption from IRB oversight, according to the
Department of Health and Human Services regulations found at 45
CFR 46.104(d)(4). Informed parental consent was obtained for any
participants prior to general enrollment in the Brain Balance program.

Data source

We retrospectively reviewed archived BB-MDS data from parents of
students enrolled at Brain Balance Achievement Center locations across
the United States and who met the inclusion criteria described below.
Data were derived from pre- and post-program BB-MDS data collected
between 2017 and 2020 on 4,422 participants, of whom 4,041 (95.4%)
provided complete cases and were included for the present study. All
participants were between the ages of 4 and 18years (Mean [M]=9.91,
Standard Deviation [SD]=3.11); and 2,817 (69.7%) were male. These data
have been previously used in an exploratory factor analysis to refine and
validate the BB-MDS prior to its use here (Jackson and Jordan, 2023).
Building on the previous validation of the BB-MDS, the use of these data
in the present study went a step further to estimate change from pre- to
post-participation in the Brain Balance program.

Measures

Parental surveys

The BB-MDS has recently been shown to have strong
measurement properties, including validated factor structure, internal
reliability, and measurement invariance across age and gender
(Jackson and Jordan, 2023). Parent-rated scores were collected on six
BB-MDS domains, listed below. The selection of these six domains
was based on: (1) previous observations from pre-enrollment Brain
Balance paperwork indicating that these particular domains are the
most commonly cited by parents as concerns; and (2) a body of
previous research demonstrating that achievement in these domains
is associated with positive developmental outcomes in school-aged
children and adolescents (McClelland et al., 2000; Graziano et al.,
2007; Cooper et al., 2014; Ash et al., 2017; Liew et al., 2018; Macdonald
et al., 2018; Adolph and Hoch, 2020).

1. Negative emotionality (anxious, worries a lot, moody, easily
experiences hurt feelings, has low self-esteem) (Graziano
et al., 2007);

2. Reading/writing problems (struggles to read independently,
frequently repeats/skips lines, omits small words, reverses
numbers/letters while reading/writing, frequently makes
spelling errors, has difficulty sounding out words) (Cooper
etal., 2014);

Frontiers in Psychology

10.3389/fpsyg.2023.1171936

3. Academic disengagement (lacks motivation related to school
and schoolwork, work is inconsistent, frequently brings work
home due to not completing assignments during school hours,
does not consistently turn in completed work, makes careless
mistakes and errors) (McClelland et al., 2000);

4. Hyperactive/disruptive (difficulty remaining seated for
mealtime, impulsive erratic behavior, argumentative/
oppositional, needs reminders to keep hands/feet/body to
themselves) (Liew et al., 2018);

5. Motor/coordination problems (clumsiness, struggles with
balance, awkward movements with tasks such as running, poor
gross motor skills, and delayed motor milestones such as
skipping and riding a bike compared to peers) (Ash et al., 2017;
Liew et al, 2018; Macdonald et al, 2018; Adolph and
Hoch, 2020);

6. Social communication problems (difficulty reading body

lacks

be insensitive to feelings of others, unaware of what others

language/nonverbal social cues, empathy/may
think of them, difficulty understanding humor/sarcasm,
difficulty forming friendships, and poor pragmatic skills)

(Cooper et al., 2014).

Primitive reflexes and sensorimotor activity

Before and after BB participation, students were assessed for
primitive reflexes including the asymmetric tonic neck reflex, Landau
reflex, Moro reflex, palmar reflex, rooting reflex, spinal galant reflex,
symmetric tonic neck reflex, and tonic labyrinthine head reflex
(Chandradasa and Rathnayake, 2020). Primitive reflexes were scored
on a scale from 0 to 4, with 0 being no response, indicating that the
reflex has been normally integrated, and a 4 being a significant
response. In addition to primitive reflexes, sensory motor skills were
measured in five areas as described in more detail below: (1) fine
motor skills as measured by the Purdue Peg Board; (2) gait and aerobic
ability as measured by the cross-crawl march and jump rope; (3)
proprioception as measured by a rocker board and the one-leg balance
test; (4) rhythm and timing as measured by the Interactive
Metronome® (Shaffer et al., 2001); and (5) eye-gaze stability with head
motion, as measured by the vestibulo-ocular reflex.

In order to assess fine motor skills, students were timed on their
completion of the Purdue Peg Board using 25 pegs with the dominant
hand (Squillace et al., 2015). To assess proprioception, a rocker board
and the one-leg balance test was used (Fong et al., 2016; Kobel et al,
2020), where students were assessed sequentially through the
following levels of difficulty until they were unable to maintain balance
for the specified amount of time: (1) maintain balance with two feet
on a rocker board for 30s; (2) maintain one-leg balance on the ground
with eyes open for up to 605; (3) maintain one-leg balance on a rocker
board for up to 60s; (4) maintain one-leg balance on the ground with
eyes closed for up to 60s; and (5) maintain one-leg balance on a rocker
board with eyes closed for 60s. Participants then repeated these levels
using the other leg.

To assess gait, we used the cross-crawl march (Surburg and Eason,
1999) and jump rope (Irecroci et al., 2015), where students were
assessed sequentially through the following levels of difficulty until
they were no longer able to perform for the specified number of sets:
(1) cross-crawl march, where students tap the hand to the opposite
knee as they march, for 10 sets of marching; (2) cross-crawl march for
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20 sets; (3) march while raising the opposite arm at a 90-degree angle,
for 20 sets; (4) march while turning the head to the raised hand, for 20
sets; (5) cross-crawl march using a low-lateral skater pattern, for 15
sets; (6) jump rope 10 times; (7) jump rope 20 times; and (8) jump
rope 40 times. Students were given verbal and visual instructions for
all tasks.

Inclusion criteria

Prior to enrolling in the Brain Balance program, prospective
students were assessed at Brain Balance centers by trained technicians
who had completed training in the centers’ protocols. Students who
were eligible for enrollment in the Brain Balance program did not have
any known genetic disorders and needed to demonstrate a
developmental readiness for the program, as defined by the ability to
engage with instructors and follow a one-step direction, to attempt the
tasks requested, and to continue to work throughout the duration of
the assessment. Re-direction and repetition of instructions both
visually and verbally were allowed in the definition of readiness. Tasks
were described to each student through verbal instructions as well as
a physical demonstration of the task. In most instances, additional
instructions beyond this initial explanation and demonstration were
not needed. However, if a student did not understand the instructions,
the assessor repeated the physical instructions, for example,
demonstrating the placement of one peg in a pegboard at a time for
the fine motor task. At the time of this assessment for students, parents
completed the BB-MDS. Students who met the abovementioned
inclusion criteria were then enrolled for participation in the Brain
Balance program, as described in more detail in the Training Protocol
section below. Following completion of the Brain Balance program,
participants’ parents again completed the BB-MDS.

Training protocol

Participants in the Brain Balance program attended three
in-center sessions per week (for 3 months), with each session lasting
1h (45min of sensorimotor stimulation and 15min of academic
activities), along with other multimodal activities targeting various
developmental areas (see the list below). All participants went through
the same series of stations, which consisted of the following exercises
and activities:

e Passive sensory stimulation in the form of tactile, olfactory,
visual, and auditory stimulation (Woo et al., 2015);

o Exercises targeting primitive and postural reflexes (Chandradasa
and Rathnayake, 2020), which were assigned based on indicators
of a retained reflex at the time of the initial assessment. The
following reflexes were assessed: Moro reflex, spinal Galant
reflex, rooting reflex, palmar grasp reflex, asymmetrical tonic
neck reflex, symmetrical tonic neck reflex, tonic labyrinthine
reflex, and Landau reflex;

Core muscle exercises (Myer et al., 2011);

Proprioceptive and balance training, using a rocker board and

one-leg balance (Fong et al., 2016; Kobel et al., 2020);
o Gait exercises, using the cross-crawl march (Surburg and Eason,
1999) and jump rope (Trecroci et al., 2015);
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e Vestibular exercises, including rotational, translational, and
anterior-to-posterior movements;

e Fine motor activities, including the palmar grasp reflex to
increase muscle strength and the Purdue Peg Board to improve
dexterity and speed (Squillace et al., 2015);

e Rhythm and
coordination activities and use of the Interactive Metronome®, a

timing exercises, including whole-body
training tool that combines the concept of a musical metronome
with a computerized program that measures and improves
rhythm and timing (Shaffer et al., 2001);

o Activities that aim to enhance auditory and visual processing, as
well as coordination and endurance of eye movements (Robert
et al., 2014; Fisher et al, 2015). More specifically, auditory
engagement consisted of exposure to varying levels of auditory
stimulation and activities targeting the ability to filter and rapidly
process auditory information. Visual stimulation was achieved
through exposure to color and light stimulation, as well as
exercises that require eye coordination, timing, and speed of
processing perceived information.

While all participants engage with the same activity stations, each
participant’s program is individualized based on their performance on
the initial assessment in order to determine the appropriate starting
level for each exercise. Each exercise/activity was progressive in nature
and changed in duration, quantity, and complexity as the participants’
functional abilities improved over the course of the program. The
criteria for making changes in the duration, quantity, and complexity
of the program were based on a student achieving mastery of each
level. We defined mastery as the student successfully completing the
task over three consecutive sessions. For example, during the sensory
stimulation component of the program, if a student cooperatively
wears the tactile sensory gear for three consecutive sessions, tactile
vibration will be increased to the higher increment of stronger
vibration for the next session. Similarly, for fine motor tasks such as
the Purdue Peg Board, once the student achieves mastery by reaching
their current goal target for three consecutive sessions, the next
session’s goal will be increased to place additional pegs into the
pegboard holes in the same amount of time.

The academic component of the 1-h session was based on the
initial functional assessment and focused on improving literacy and
listening skills. During the initial assessment, each student completes
a reading fluency benchmark to determine the appropriate reading
level. Students whose reading level is at a PreK- to third-grade level
will engage in reading fluency and comprehension activities specific
to their current level of ability. Students whose reading level is at a
fourth-grade level or higher will engage in a listening comprehension
curriculum in which the student listens to a passage and answers
questions in either details or main idea topics. If a student is struggling
to read at the appropriate grade level, they will listen to the passage
while reading, with each word lighting up as it is being read, to engage
both visual and auditory pathways simultaneously.

In addition to the abovementioned in-center activities, parents
were asked to assist their children in completing daily exercises at
home and were also given nutritional guidance and support
throughout the duration of the program. The home exercises consisted
of 0-8 primitive reflexes (assigned if the primitive reflex was present
at the time of assessment), physical fitness activities (push-ups and
sit-ups), and eye strengthening exercises. To ensure consistency in
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parental implementation of the at-home portions of the program,
parents received in-center training on how to perform the home
exercises and were provided access to an online parent portal that
included videos on each of the exercises as well as written instructions
with photos. Any verbal and written instructions given to parents are
provided in plain language that is short and simple, as education levels
may vary among the participants’ parents.

Analysis

Reliable change analyses for BB-MDS scores

Due to the large sample size of the study, we did not rely on tests of
statistical significance to determine whether scores differed from pre- to
post-program, as a negligible effect size of d=0.05 is considered
statistically significant, even with a stringent adjustment to correct for
Type I error. We considered a multivariate analysis but chose not to use
this approach as we wanted to consider change in each domain
individually. Instead, we rely here on Cohen’s 4 and its associated 95%
confidence intervals, and the percentage of participants that observed
improvement as assessed by the Reliable Change Index (RCI) (Jacobson
and Truax, 1991). Here, two approaches for the RCI were used. The first
was based on the traditional RCI, which is based in classical test theory
(hereafter referred to as RCI¢p). The RClry is defined as:

_ Postpaw — Pregay

v 2% SEPre

RClcrr

Postg,, and Preg,, refer to simple summary scores of the pre- and
post-program data, and SEp,. refers to the standard error of
measurement at pretest. The RCIcr assumes equal weighting of items,
such that all items are equal contributors in the estimate of the latent
trait 6 and that there is equal measurement precision (i.e., that
reliability and the subsequent SE is the same across all levels of 8).
Because the population-level SE used in RClrr is the average of the
individual SEs, which can vary across individuals, this may result in
an SE that overestimates measurement precision in the middle of the
distribution and underestimates measurement precision in the tails of
the distribution (Jabrayilov et al., 2016). It has recently been proposed
that RCI should also be estimated through Item Response Theory
(IRT), as it may allow for greater precision and may be more sensitive
to change than RClcrr (Jabrayilov et al., 2016). IRT does not assume
that all items are equivalent indicators of 6 and that the SE is not
consistent across all values of @ (Embretson and Reise, 2000). The
RCl gy is defined as:

HPost - gPre

RClI gy = — —
\/SE(HPre) + SE(QPost)

Where Opyy; and Opye refer to estimates of each participant’s
predicted latent trait, 6, and SE refers to the standard error of
measurement based on IRT (Jabrayilov et al., 2016). Here, Graded
Response Models (GRM) with Weighted Likelihood Estimation
(WLE) were used to derive 6 and SE(@); there is evidence that WLE is
less biased and more precise than other estimates of 6 (Wang and
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Wang, 2001). For both RCI¢rr and RClgy, a cutoff value of < —1.96
was used to indicate that a participant observed reliable, statistically
significant change (i.e., “improved”), participants who obtained an
RCI>1.96 were considered to have observed “deterioration,” and
participants who obtained an RCI between —1.96 and 1.96 were
considered to have experienced “no change,” as change was too small
to be considered statistically significant (Jacobson and Truax, 1991).
We did not attempt to estimate “clinically significant change”
(Jacobson and Truax, 1991), as “functional” ranges of the BB-MDS
have not been established to date.

We calculated Cohen’s d, RClI¢rp, and RCIzr based on levels of
baseline severity. This was done by stratifying the sample based on
Opre , as predicted values represent standardized estimates of the
participants’ latent trait, where Opre = 0 indicates that a participant’s
predicted latent trait is precisely average; Op,, = 1.0 indicates a
participant’s latent trait is one standard deviation above the mean, and
so on. Participants were considered to be in the “mild severity” range
if épre was between 0.0 and 1.0, “moderate severity” if OPre was
between 1.0 and 2.0, and in the “extreme severity” range if épre was
>2.0. Cohen’s Kappa (k) was used to examine the agreement between
RClepr and RCIgy.

All analyses were conducted in R (R Core Team, 2020) via the
mirt (Chalmers, 2012), psych (Revelle, 2021), effsize (Torchiano,
2016), and JTRCI package (Kruijt, 2021).

Analyses of sensorimotor activity and primitive
reflexes

All analyses were performed using SAS (9.4, Cary, NC). Age variables
were calculated by subtracting the whole number of years that had passed
since birth until the date the students were enrolled into the Brain Balance
program. Students were placed into age groups 6-10, 11-13, and
14-17years, and only students who had complete data from pre- and
post-program were included in the analysis. Sensory motor activity levels
were analyzed by creating a variable that represented the difference in
levels between pre- and post-program data and was accomplished by
subtracting pre-program levels from post-program levels.

Primitive reflex activity was analyzed by calculating the percentage
change from pre- to post-program and was accomplished by utilizing
the following formula: [(postprogram reflex — preprogram reflex) +
postprogram reflex x 100] and percentages were rounded to the
nearest whole number. For both sensory motor and primitive reflex
analyses, Wilcoxon Signed Rank Sum tests were performed because
the pre- and post-program data are dependent and the data are not
normally distributed. The Wilcoxon Signed Rank Sum test analyzes
whether means by group differ and statistical significance may
be achieved by observing a p value less than 0.05.

Multivariate analysis of variance (MANOVA) was performed to
determine whether age or gender significantly affected outcomes
collectively of dependent variables.

Results

Classical test and item response theory
estimates of reliability

All BB-MDS domains were considered appropriate for IRT
analysis, as all subscales were considered to be unidimensional
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via Principal Axis Factoring (the first Eigenvalue for each
subscale >2.0) (Cordier et al., 2017), an examination of residual
matrices suggested that items within all subscales were locally
independent, there was evidence of monotonicity for all
subscales, and all items fit their respective subscales well (Root
Mean Square Error of Approximation S-X*><0.010). Test
information functions (TIF) for all BB-MDS subscales were high
across three standard deviations of 6 (all TIF>23.93); an
examination of TIF plots suggested that each of the subscales of
the BB-MDS provide most information at average to above-
average values of 0 (see Supplementary Figure 1). Internal
consistency was “good” as assessed by CTT (Cronbach’s &) and
IRT (7 (0)) for each of the subscales (Negative Emotionality: «
= 0.78 and 7y (6 ) = 0.84; Reading/Writing Difficulties: o = 0.84
and 7y (0) =0.85; Academic Disengagement: a = 0.83 and ry (6
) =0.85; Hyperactive/Disruptive: a = 0.84 and 7 (6)=0.84;
Motor/Coordination Problems: o = 0.80 and ry,(6) = 0.80; Social
Communication Problems: o = 0.84 and ry,(6) = 0.85). Reliability
estimates via IRT suggest that BB-MDS subscales tend to be most
reliable when 8 > —1.0, although several subscales demonstrated
weaker reliability at very high levels of 8 (i.e., Reading/Writing
Difficulties, Hyperactive/Disruptive, Academic Disengagement
6 > 2.0; see Supplementary Figure 2).

Effect size estimates of change pre- to
post-program

Effect size estimates based on total raw scores (Cohen’s d and its
associated 95% confidence intervals) can be found in Table 1 and
Figures 1-6 show average pre-post scores for each domain of the
BB-MDS. Among participants with “mild severity” at baseline (6 =
0.0-1.0), the average effect size was “large” (d=0.87); effect sizes
ranged from moderate (d =0.47 for Motor/Coordination problems) to
very large (d=1.13 for Hyperactive/Disruptive). For “moderate/high
severity” participants (6 = 1.0-2.0), the average effect size was very
large (d=1.63); all effect sizes ranged from d=1.53 to d=1.80, and for
participants with “extreme severity” at baseline (6 > 1.0), the average
effect size was d=2.08, with ranges between d=1.55 to d=3.21.

Reliable change estimates from pre- to
post-program

Reliable change estimates can be found in Table 1, with good
agreement between RClIcrr and RClr. The agreement was similar
across levels of severity, with the exception of Motor/Coordination
problems for participants with “mild” severity. Per RCI¢rr, the average
percentage of participants who observed reliable change in the “mild
severity” range was 21.1% (range=8.1 to 33.7%); per RCly;, the
average percentage was 15.8% (range=2.3 to 22.9%). Among
participants in the “moderate severity” range, the average percentage
of participants who observed reliable change was 46.6% (range=36.5
to 53.6%) per RClcr; using RCligy, the average percentage was 43.9%
(range=26.9 to 37.3%). For participants in the “extremely severe”
range, the average percentage of participants who observed reliable
change was 60.1% per RClcrr (range=50.9 to 72.3%) and 68% per
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RClI gy (range=60.0 to 80.7%). As anticipated, the probability of
reliable change increased as baseline severity increased; RClcrr
estimates suggest more favorable outcomes among Brain Balance
participants with milder baseline symptoms than RClr; conversely,
RClIzr suggests more favorable outcomes among Brain Balance
participants with more severe baseline symptoms than RClcrr.

Sensory motor activity and primitive
reflexes from pre- to post-program

MANOVA showed that age significantly affected the outcome
variables collectively (Wilks' Lambda p <0.0001), while gender had no
effect (Wilks' Lambda p <0.41). After excluding students that did not
meet the inclusion criteria, there were 6,150 students included in the
analysis: 627 students aged 6-10years, 2,356 students aged
11-13years, and 3,167 students aged 14-17 years. The total number of
students assessed for eligibility was 68,244, with 59,975 students
excluded for incomplete data and 2,119 excluded for not meeting the
age requirement of 6 to 18years old. Table 2 shows mean differences
observed by age group across all sensory motor metrics of interest
including the Interactive Metronome, gait/aerobic, proprioception,
fine motor (preferred hand), and the vestibulo-ocular reflex. Statistical
significance was achieved across all metrics and age groups, with the
exception of the Interactive Metronome in the 6-10years age group
(mean change 0.45; p<0.09).

Primitive reflex metrics included assessments of Landau,
symmetrical tonic neck reflex, tonic labyrinthine reflex (head up),
tonic labyrinthine reflex (head down), asymmetrical tonic neck reflex,
spinal galant, rooting, Moro, and palmer reflex. Across all age groups
for the primitive reflex analysis, mean changes in percentage from 35.8
to 72.5% were observed and statistical significance was achieved
across all metrics and all age groups (all p values <0.0001), as shown
in Table 3.

Discussion

Recent emerging evidence points to the role that the Brain Balance
program, a holistic multimodal training program, could play as a
nonpharmacologic approach to addressing cognitive (Jackson and
Wild, 2021), attentional (Jackson and Jordan, 2022; Teicher et al.,
2023), and emotional (Jackson and Robertson, 2020) issues in children
and adolescents with developmental difficulties. The present study
extends these findings by examining the effects of Brain Balance
program participation on a wider range of developmental outcomes,
as measured by a validated multidomain developmental survey (the
BB-MDS) completed by parents of all participants before and after
Brain Balance training, as well as direct pre- and post-program
assessments of students in sensory motor skills and primitive reflex
retention. BB-MDS data for participants stratified by baseline severity
showed that the greater the severity of presenting problems at baseline,
the larger the effect sizes of pre- to post-training changes and
percentage of participants achieving reliable change. Participants also
showed significant improvements in sensory motor skills and
primitive reflex integration. These results provide evidence for the
effectiveness of the Brain Balance program in improving functional
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FIGURE 1

Change in Negative Emotionality raw scores, stratified by baseline severity. Shown are average pre- to post-program scores for the Negative
Emotionality domain of the Brain Balance—Multidomain Developmental Survey (BB-MDS). Baseline severity is defined as theta of 0.0 to 1.0 for “mild,"
1.0 to 2.0 for "moderate/high,” and greater than 2.0 for “extreme”.
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FIGURE 2

Change in Reading/Writing Difficulties raw scores, stratified by baseline severity. Shown are average pre- to post-program scores for the Reading/
Writing Difficulties domain of the Brain Balance—Multidomain Developmental Survey (BB-MDS). Baseline severity is defined as theta of 0.0 to 1.0 for
“mild,” 1.0 to 2.0 for "moderate/high,” and greater than 2.0 for “extreme”.
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FIGURE 3

Change in Hyperactive/Disruptive raw scores, stratified by baseline severity. Shown are average pre- to post-program scores for the Hyperactive/
Disruptive domain of the Brain Balance—Multidomain Developmental Survey (BB-MDS). Baseline severity is defined as theta of 0.0 to 1.0 for “mild,” 1.0
to 2.0 for "moderate/high,” and greater than 2.0 for “extreme”.
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FIGURE 4

Change in Academic Disengagement raw scores, stratified by baseline severity. Shown are average pre- to post-program scores for the Academic
Disengagement domain of the Brain Balance—Multidomain Developmental Survey (BB-MDS). Baseline severity is defined as theta of 0.0 to 1.0 for
“mild,” 1.0 to 2.0 for "moderate/high,” and greater than 2.0 for “extreme”.
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FIGURE 5
Change in Motor/Coordination Problems raw scores, stratified by baseline severity. Shown are average pre- to post-program scores for the Motor/
Coordination Problems domain of the Brain Balance—Multidomain Developmental Survey (BB-MDS). Baseline severity is defined as theta of 0.0 to 1.0
for "mild,” 1.0 to 2.0 for "moderate/high,” and greater than 2.0 for "extreme”.

outcomes in children and adolescents with developmental difficulties,
especially for those who have more severe pre-existing issues.

All participants were stratified into subgroups based on the
severity of their problems at baseline, in order to ascertain a clearer
picture of the type of participants benefiting most from the program.
As shown by analysis of parent-rated BB-MDS scores, the effect sizes
increased with increasing severity — large effect size for participants
presenting with mild severity at baseline, very large for participants
with moderate/high severity, and even larger for those in the extreme
severity group. A similar pattern was observed for the percentage of
participants meeting criteria for reliable change — the average
percentage of participants who observed reliable change over all
BB-MDS domains increased from approximately 16-21% for baseline
mild severity, to 44-47% for moderate/high severity, and reached the
highest (60-68%) for Brain Balance participants in the extreme
severity group. Taken together, these estimates suggest that Brain
Balance participants begin to observe moderate to large effects with
mild difficulties, and larger differences from pre- to post-program
with increasing levels of severity.

Although many studies on developmental outcomes often do not
stratify children by degree of baseline severity, there are many that
group participants by baseline diagnosis (e.g, ADHD, autism
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spectrum disorder, developmental coordination disorder) and use
RCI to evaluate changes in functioning from baseline to post-
intervention. For example, previous studies have shown that children
with an ADHD diagnosis who participate in non-pharmacologic
behavioral interventions show varying degrees of reliable improvement
from pre- to post-intervention in at least one area of behavioral or
emotional functioning, with percentages of reliable change varying
from 50 to 75% (Thoder et al., 2010; Rosen et al., 2019; Bayo-Tallon
et al.,, 2020), to as low as 10% (Beck et al., 2010). Other studies of
children and adolescents with diagnoses of mental health disorders
such as anxiety or depression show reliable change ranging from 17 to
54% following participation in youth mental health services and
psychotherapies (Arons et al., 2002; Ash and Weis, 2009; Wolpert
et al.,, 2015; Cross et al., 2018; Boon et al., 2019; McElroy et al., 2019;
Duncan etal,, 2020; Cuijpers et al., 2021). Direct comparisons of these
studies with the present Brain Balance study can be difficult because
of differences in the type and duration of intervention/program, the
specific outcomes measured, and the lack of stratification of children
by degree of baseline severity. However, our percentages of reliable
change for Brain Balance participants are similar or higher than many
of the abovementioned non-pharmacologic interventions/programs
reported on in the literature. This is particularly true for Brain Balance
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TABLE 1 Effect size and reliable change estimates pre- to post-program.

Subscale Cohen’'s d

Baseline mild severity ( § range: 0.0-1.0)

10.3389/fpsyg.2023.1171936

Reliable
Change

Agreement

CTTRC| I RTRCI

Negative emotionality (n=1,311; 32.4%) 1.07 (0.99, 1.16)

271 (20.7%) 240 (18.3%) 0.72 (0.67, 0.76)

Reading/writing difficulties (n=1,382; 34.2%) 0.88 (0.80, 0.95)

273 (19.8%) 197 (14.3%) 0.68 (0.63, 0.74)

Hyperactive/disruptive (n=1,408; 34.8%) 1.13 (1.05, 1.21)

405 (28.8%) 323 (22.9%) 0.73 (0.69, 0.77)

Academic disengagement (n=1,444) 1.04 (0.96, 1.12)

486 (33.7%) 331 (22.9%) 0.73 (0.69, 0.76)

Motor/Coordination Problems (n=1,453) 0.47 (0.41, 0.53)

118 (8.1%) 33 (2.3%) 0.36 (0.26, 0.46)

Social communication problems (1 =1,366) 0.65 (0.58, 0.71)

208 (15.2%) 193 (14.1%) 0.76 (0.71, 0.81)

Baseline moderate/high severity (9 range: 1.0-2.0)

Negative emotionality (n=617; 15.3%) 1.80 (1.64, 1.96)

288 (46.7%) 276 (44.7%) 0.85(0.81, 0.89)

Reading/writing difficulties (n=564; 14.0%) 1.65 (1.49, 1.81)

267 (47.3%) 256 (45.4%) 0.83 (0.79, 0.88)

Hyperactive/disruptive (n=>553; 13.7%) 1.69 (1.52, 1.85)

261 (47.2%) 294 (53.2%) 0.77 (0.72, 0.83)

Academic disengagement (n=>575; 14.2%) 1.74 (1.57,1.91)

308 (53.6%) 322 (56.0%) 0.88 (0.84, 0.92)

Motor/coordination problems (n=572; 14.2%) 1.53 (1.39, 1.68)

276 (48.3%) 154 (26.9%) 0.67 (0.61,0.73)

Social communication problems (1 =598; 14.8%) 1.38 (1.24, 1.52)

218 (36.5%) 223 (37.3%) 0.89 (0.85, 0.93)

Baseline extreme severity ( ] range: > 2.0)

Negative emotionality (n=114; 2.8%) 2.10 (1.71, 2.48)

69 (60.5%) 84 (73.7%) 0.67 (0.53,0.81)

Reading/writing difficulties (n=123; 3.0%) 1.65 (1.34,1.96)

65 (52.8%) 76 (61.8%) 0.82(0.72, 0.92)

Hyperactive/disruptive (n=116; 2.9%) 2.06 (1.64, 2.48)

70 (60.3%) 80 (69.0%) 0.81(0.70, 0.92)

Academic disengagement (n=_83; 2.1%) 3.21(2.54, 3.88) 60 (72.3%) 67 (80.7%) 0.77 (0.61, 0.93)
Motor/coordination problems (n=105; 2.6%) 1.92 (1.49, 2.35) 67 (63.8%) 66 (62.9%) 0.77 (0.65, 0.90)
Social communication problems (n=110; 2.7%) 1.55(1.22,1.87) 56 (50.9%) 66 (60.0%) 0.78 (0.67, 0.90)

A, probability of superiority effect size; CTT, Classical Test Theory; IRT, Item Response Theory.

participants in the extreme severity group, of whom 60-68% met
criteria for reliable change from pre- to post-program.

Our findings of pre- to post-program changes in two specific
BB-MDS domains relating to academic functioning, namely, reading/
writing difficulties and academic disengagement, could be attributed
to the individualized support provided by the Brain Balance program’s
academic component and/or to the programs effects on cognitive
performance and attentional functioning (Jackson and Wild, 2021;
Jackson and Jordan, 2022; Teicher et al., 2023). In a previous study,
Brain Balance participants displayed a significant improvement in
cognitive performance, including in concentration, memory,
reasoning, and verbal ability, compared to controls (Jackson and Wild,
2021). In another recent study, half of Brain Balance participants
achieved reliable change in ADHD symptoms as indicated by a
significant decrease in parent-rated Brown Attention-Deficit Disorder
Scales® scores from pre- to post-program, especially for participants
who were younger or had more pronounced attentional issues at
baseline (Jackson and Jordan, 2022). An initial open study recently
reported that integrated Brain Balance/Interactive Metronome
training had beneficial effects on ADHD symptoms, according to
parent and clinician ratings of children with ADHD (Teicher et al.,
2023). In all three of these studies on cognitive and attentional
functioning, beneficial effects were reported after 12-15weeks of
participation in the Brain Balance program, which is the same amount
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of time that participants spent in the Brain Balance program in the
present study. Cognitive difficulties during childhood predict lower
performance on both teacher-rated academic performance and on
exam scores in reading, math, and other academic subjects (Salla et al.,
2016; Lundervold et al., 2017), and specific cognitive functions such
as sustained attention, working memory, and processing speed have
all been associated with better performance in reading comprehension,
writing, and math (Bull et al., 2008; Taub et al., 2008; Geertsen et al.,
2016; Hajovsky et al., 2018). Given these findings, the changes found
in the present study in reading/writing problems and academic
disengagement following participation in the Brain Balance program
could potentially be mediated by the program’s positive effects on
cognitive and attentional functioning.

In the present study, Brain Balance participants demonstrated a
significant decrease in the level of primitive reflex activity, as indicated
by tests of eight different primitive reflexes across age groups ranging
from 6 to 17 years old. In previous studies, significantly higher levels
of primitive reflex retention have been found in school-aged children
with ADHD symptoms compared with typically developing peers
(Taylor et al., 2004; Konicarova et al., 2013; Bob et al., 2021; Sigafoos
et al., 2021). Atypical retention of primitive reflexes has also been
associated with challenges in several other developmental areas,
including delayed motor development (Gieysztor et al., 2018), reading
deficits (McPhillips and Sheehy, 2004), and learning difficulties
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FIGURE 6
Change in Social Communication Problems raw scores, stratified by baseline severity. Shown are average pre- to post-program scores for the Social
Communication Problems domain of the Brain Balance—Multidomain Developmental Survey (BB-MDS). Baseline severity is defined as theta of 0.0 to
1.0 for “mild,” 1.0 to 2.0 for “moderate/high,” and greater than 2.0 for "extreme”.

TABLE 2 Wilcoxon signed rank test analysis for differences in sensory motor activity level means from pre- to post-program by age group.

6-10 Years Old

11-13 Years Old 14-17 Years Old

Sensory motor metric

Interactive Metronome 0.45 (0.09)

Mean difference (p value)

3.32 (<0.0001) 7.75 (<0.0001)

Gait/aerobic 3.35(<0.0001)

4.67 (<0.0001) 6.02 (<0.0001)

Proprioception 1.57 (<0.0001)

2.25(<0.0001) 3.21 (<0.0001)

Fine motor (preferred hand) 2.14 (<0.0001)

3.37 (<0.0001) 4.62 (<0.0001)

Vestibulo-ocular reflex 6.01 (<0.0001)

6.71 (<0.0001) 5.86 (<0.0001)

(Chandradasa and Rathnayake, 2020), and could be an early indicator
of neurodevelopmental conditions (Teitelbaum et al., 2004; Chinello
etal, 2018; Sigafoos et al., 2021). Significantly diminished primitive
reflexes following participation in the Brain Balance program may
stem from components of the program involving sensory stimulation
and motor skill exercises, particularly those that directly target the
primitive reflexes, which may be sufficient to decrease the strength of
retained primitive reflexes in students with developmental challenges.

Brain Balance participants also significantly improved in all five
tests of sensory motor abilities examined, including fine motor skills,
proprioception, gait and aerobic skills, rhythm and timing, and
eye-gaze stability. The observed improvements across multiple sensory
motor domains, together with primitive reflex integration, indicate
that the Brain Balance program improves the functioning of
proprioceptive and vestibular feedback mechanisms crucial for the
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voluntary control of complex movements and behaviors (Grigg et al.,
2018; Chandradasa and Rathnayake, 2020; Sigafoos et al., 2021).
Together with the parent-rated BB-MDS data, these results provide
evidence in favor of a multimodal approach to improving
developmental outcomes in children and adolescents with
developmental issues. We have included a Theory-of-Change analysis
in Table 4 to better understand how the Brain Balance program might
in outcomes in children

work improving developmental

and adolescents.

Limitations

The results presented here derive from program participation
in a center-based setting (specifically at Brain Balance
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TABLE 3 Wilcoxon signed rank test analysis for changes in primitive reflex means pre- and post-program by age group.

6-10 Years Old 11-13Years Old 14-17 Years Old

Primitive reflex Mean percentage change (p value)

Landau reflex 53.5 (<0.0001) 63.7 (<0.0001) 69.9 (<0.0001)
Symmetrical tonic neck reflex 47.4 (<0.0001) 57.2 (<0.0001) 65.1 (<0.0001)
Tonic labyrinthine reflex (head up) 69.8 (<0.0001) 72.5 (<0.0001) 58.7 (<0.0001)
Tonic labyrinthine reflex (head down) 37.3 (<0.0001) 47.2 (<0.0001) 54.9 (<0.0001)
Asymmetrical tonic neck reflex 35.5 (<0.0001) 45.6 (<0.0001) 49.3 (<0.0001)
Spinal galant reflex 41.0 (<0.0001) 54.1 (<0.0001) 57.7 (<0.0001)
Rooting reflex 45.7 (<0.0001) 54.4 (<0.0001) 59.5 (<0.0001)
Moro reflex 35.8 (<0.0001) 46.3 (<0.0001) 55.4 (<0.0001)
Palmar reflex 37.6 (<0.0001) 43.8 (<0.0001) 50.5 (<0.0001)

TABLE 4 Theory-of-change analysis: Brain Balance program effects on developmental outcomes.

Elements Description

« BB training protocol (consisting of evidence-based activities)
o Facilities (on-site participation at US-based BB Centers)
Inputs o Staff (technicians trained in BB Center protocols)
o Materials and equipment for BB activities
« Funding (from BB Centers)
Under supervision of a trained BB technician, participants attend three in-center sessions per week (1 hour/week) for 3 months,
consisting of multimodal activities targeting various developmental areas:
« Sensory stimulation;
« Gross and fine motor activities;
Activities o Academic activities;
« Exercises targeting retained primitive reflexes;
« Rhythm and timing exercises.
A secondary at-home portion of the BB program consists of nutritional guidance along with various home exercises targeting
primitive reflexes, physical fitness, and eye strengthening.
o Statistically significant reliable change in parent-rated scores on the Brain Balance-Multidomain Developmental Survey (BB-MDS)
from pre- to post-program, including in emotionality, reading/writing, behavior, academic engagement, motor skills, and
social communication
Outputs - Lo R A .
o Statistically significantly diminished primitive reflexes from pre- to post-program across assessments of eight reflexes
o Statistically significant improvements in assessments of five sensory motor skills from pre- to post-program, including in fine motor
skills, gait and aerobic ability, proprioception, rhythm and timing, and eye-gaze stability
« Decrease in negative emotionality, reading/writing difficulties, hyperactive disruptive behavior, academic disengagement, motor/
coordination problems, and social communication problems
Outcomes . . S
o Greater integration of primitive reflexes
« Improvement in sensory motor skills
Overall improved developmental functioning for children and adolescents — in the areas of emotionality, behavior, academics, social
fmpact communication, sensorimotor skills, and primitive reflex integration — with positive impacts in both school and home settings.
o Technicians across BB centers will implement the training protocol with fidelity and consistency.
« Materials and exercises will be at the appropriate ability level for each participant.
Assumptions « Participants will engage with the activities as intended.
o Parents will implement the at-home portion of the program as they are instructed.
« None of the program elements will have adverse effects.
« Difficulty accessing BB centers for in-person participation among students from more rural areas.
Risks and challenges . . . . L - . s
« Financial challenges in paying BB program tuition among participants from lower-income families.
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Achievement Centers). The generalizability of the program’s
outcomes is therefore limited until the results are demonstrated
across other types of settings. Studies are currently underway to
assess Brain Balance program outcomes in home- and school-
based settings.

Caution should also be taken in interpreting the evaluation of the
Brain Balance program relative to other programs, as this study did
not compare the program with other relevant interventions such as
biofeedback or cognitive-behavioral training. The present study also
did not include a control group. Future studies on the Brain Balance
program will need to include direct comparisons with other
interventions, as well as with a control group, in order to more
accurately and fully evaluate the contribution of the Brain
Balance program.

Although participants in this study were stratified by baseline
severity, the sample may have been fairly heterogeneous with
respect to developmental diagnoses. Information about
participants’ diagnoses was not available to us, as parental
disclosure of private health information (including diagnoses)
was not a prerequisite for enrollment. Notably, one recent study
on attentional improvements after Brain Balance participation
did include participants with ADHD diagnoses and known
medication status (Teicher et al., 2023). It is worth noting that
many of the developmental issues that we assess in this study —
sensorimotor, emotional, behavioral, and academic issues — are
common across many developmental conditions; therefore,
multimodal training programs that target several of these areas
could still have potential to result in benefits, regardless of the
specific diagnosis. It would, of course, be more helpful to know
which diagnostic subgroups benefit the most, and any future
studies on the Brain Balance program would need to address this.
We also did not have the participants’ demographic information
available to us. Future studies aiming to delineate the effects of
the Brain Balance program with better precision will need to
include homogenous subsamples where participants’
developmental diagnoses, medication status, and demographic
information are known.

Regarding the at-home portion of the Brain Balance program,
parents are provided with nutritional guidance and recommendations
at home. The at-home portion is a small part of the program, as most
of the Brain Balance program in this study took place in-center and
was run by technicians not needing parental involvement. However,
to what degree families are applying these reccommendations was not
tracked in the present study, leading to potential variations among
participants in implementation of the at-home portions of the
program. Because of potential differences in education levels of our
participants’ parents, any instructions to parents regarding the
at-home exercises are given in plain language that is short and simple.
Going forward, adherence to home-based recommendations is being
probed by survey questions at the completion of the program.

Conclusion
The present findings suggest that the Brain Balance program

is helpful in improving childhood developmental outcomes,
especially for more impaired participants who have the most to
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gain with respect to improvement in emotional, social, behavioral,
motor, and academic functioning. These results contribute to the
the
nonpharmacologic interventions and programs for children and

growing literature on need for evidence-based
adolescents with developmental issues, in order to limit the total
lifetime exposure to drug treatments. Future research with well-
controlled designs, longitudinal follow-up, implementation
across settings, and participant groups in which diagnoses are
known, will help to more fully characterize the effects of holistic
multimodal approaches on the outcomes of children and

adolescents with developmental and attentional challenges.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The requirement of ethical approval was waived by Advarra
for the studies involving humans because the Advarra IRB
determined that this retrospective data review met the
requirements for exemption from IRB oversight, according to the
Department of Health and Human Services regulations found at
45 CFR 46.104(d)(4). The studies were conducted in accordance
with the local legislation and institutional requirements. Written
informed consent for participation was not required from the
participants or the participants’ legal guardians/next of kin
because this study was approved as a retroactive study and met
the requirements for exemption.

Author contributions

This work was carried out in collaboration between both
authors. RJ designed the study, provided the Brain Balance
protocol, and contributed to the manuscript. JJ performed the
analyses of the study, interpretation of the data, and manuscript
writing. All authors contributed to the article and approved the
submitted version.

Acknowledgments

The authors thank Azra Jaferi PhD for editorial direction in
scientific manuscript writing and Joaquin Anguera PhD for
overall scientific guidance and feedback.

Conflict of interest

Author R] was employed by Brain Balance Achievement Centres.
The remaining author declares that the research was conducted in
the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest. The authors declare that

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1171936
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Jackson and Jordan

this study received funding from Brain Balance Achievement Centres
to JJ. The funder had the following involvement in the study:
data collection.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the

References

Adolph, K. E., and Hoch, J. E. (2020). The importance of motor skills for development.
Nestle Nutr. Inst. Workshop Ser. 95, 136-144. doi: 10.1159/000511511

Arons, B. S., Katz-Leavy, J., Wittig, A. C., and Wayne Holden, E. (2002). Too young
for ADHD: the potential role of systems of care. J. Dev. Behav. Pediatr. 23, S57-S63. doi:
10.1097/00004703-200202001-00010

Ash, T., Bowling, A., Davison, K., and Garcia, J. (2017). Physical activity interventions
for children with social, emotional, and behavioral disabilities-a systematic review. J.
Dev. Behav. Pediatr. 38, 431-445. doi: 10.1097/DBP.0000000000000452

Ash, S. E., and Weis, R. (2009). Recovery among youths referred to outpatient
psychotherapy: reliable change, clinical significance, and predictors of outcome. Child
Adolesc. Soc. Work J. 26, 399-413. doi: 10.1007/s10560-009-0171-3

Bayo-Tallon, V., Esquirol-Caussa, J., Pamias-Massana, M., Planells-Keller, K.,
Cascos-Rodriguez, A., and Palao-Vidal, D. J. (2020). Effectiveness of a manual therapy
program as adjuvant treatment for school-age children with attention-deficit/
hyperactivity disorder: a randomized pilot study. SAGE Open 10:2158244020983023.
doi: 10.1177/2158244020983023

Beck, S. J., Hanson, C. A., Puffenberger, S. S., Benninger, K. L., and Benninger, W. B.
(2010). A controlled trial of working memory training for children and adolescents with
ADHD. J. Clin. Child Adolesc. Psychol. Am. Psychol. Assoc. Div. 53, 825-836. doi:
10.1080/15374416.2010.517162

Bediou, B., Adams, D. M., Mayer, R. E., Tipton, E., Green, C. S., and Bavelier, D.
(2018). Meta-analysis of action video game impact on perceptual, attentional, and
cognitive skills. Psychol. Bull. 144, 77-110. doi: 10.1037/bul0000130

Ben Itzchak, E., and Zachor, D. A. (2011). Who benefits from early intervention in
autism spectrum disorders? Res. Autism Spectr. Disord. 5, 345-350. doi: 10.1016/j.
rasd.2010.04.018

Bob, P, Konicarova, J., and Raboch, J. (2021). Disinhibition of primitive reflexes in
attention deficit and hyperactivity disorder: insight into specific mechanisms in girls and
boys. Front. Psych. 12:430685. doi: 10.3389/fpsyt.2021.430685

Boon, A. E., de Boer, S. B. B., van Dorp, M., and Nijssen, Y. A. M. (2019). Reliable and
clinically significant change based on the health of the nation outcome scales. Psychiatry
Res. 281:112587. doi: 10.1016/j.psychres.2019.112587

Buitelaar, J. K., Van der Gaag, R. J., Swaab-Barnkvhld, H., and Kuipkr MARC, A.
(1995). Prediction of clinical response to methylphenidate in children with attention-
deficit hyperactivity disorder. J. Am. Acad. Child Adolesc. Psychiatry 34,1025-1032. doi:
10.1097/00004583-199508000-00012

Bull, R, Espy, K. A,, and Wiebe, S. A. (2008). Short-term memory, working memory, and
executive functioning in preschoolers: longitudinal predictors of mathematical achievement
at age 7 years. Dev. Neuropsychol. 33, 205-228. doi: 10.1080/87565640801982312

Cameron, C. E., Cottone, E. A., Murrah, W. M., and Grissmer, D. W. (2016). How are
motor skills linked to Children’s school performance and academic achievement? Child
Dev. Perspect. 10, 93-98. doi: 10.1111/cdep.12168

Chalmers, R. P. (2012). Mirt: a multidimensional item response theory package for
the R environment. J. Stat. Softw. 48, 1-29. doi: 10.18637/jss.v048.i06

Chandradasa, M., and Rathnayake, L. (2020). Retained primitive reflexes in children,
clinical implications and targeted home-based interventions. Nurs. Child. Young People
32, 37-42. doi: 10.7748/ncyp.2019.e1132

Chinello, A., Di Gangi, V., and Valenza, E. (2018). Persistent primary reflexes affect
motor acts: potential implications for autism spectrum disorder. Res. Dev. Disabil. 83,
287-295. doi: 10.1016/j.ridd.2016.07.010

Cooper, B. R, Moore, J. E., Powers, C. ], Cleveland, M., and Greenberg, M. T. (2014).
Patterns of early Reading and social skills associated with academic success in
elementary school. Early Educ. Dev. 25, 1248-1264. doi: 10.1080/10409289.2014.932236

Cordier, R., Joosten, A., Clavé, P, Schindler, A., Biilow, M., Demir, N., et al. (2017).
Evaluating the psychometric properties of the eating assessment tool (EAT-10) using
Rasch analysis. Dysphagia 32, 250-260. doi: 10.1007/s00455-016-9754-2

Frontiers in Psychology

10.3389/fpsyg.2023.1171936

reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
2.2023.1171936/

el

at: https://www.frontiersin.org/articles/10.3389/fpsy

full#supplementary-material

Cross, S. P, Scott, J. L., Hermens, D. E, and Hickie, I. B. (2018). Variability in clinical
outcomes for youths treated for subthreshold severe mental disorders at an early
intervention service. Psych. Serv. 69, 555-561. doi: 10.1176/appi.ps.201700046

Cuijpers, P, Karyotaki, E., Ciharova, M., Miguel, C., Noma, H., Stikkelbroek, Y., et al.
(2021). The effects of psychological treatments of depression in children and adolescents
on response, reliable change, and deterioration: a systematic review and meta—analysis.
Eur. Child Adolesc. Psychiatry. doi: 10.1007/s00787-021-01884-6

Davis, A. S., Pass, L. A., Finch, W. H.,, Dean, R. S., and Woodcock, R. W. (2009). The
canonical relationship between sensory-motor functioning and cognitive processing in
children with attention-deficit/hyperactivity disorder. Arch. Clin. Neuropsychol. 24,
273-286. doi: 10.1093/arclin/acp032

Diamond, A. (2000). Close interrelation of motor development and cognitive
development and of the cerebellum and prefrontal cortex. Child Dev. 71, 44-56. doi:
10.1111/1467-8624.00117

Duncan, C,, Rayment, B., Kenrick, J., and Cooper, M. (2020). Counselling for young people
and young adults in the voluntary and community sector: an overview of the demographic
profile of clients and outcomes. Psychol. Psychother. 93, 36-53. doi: 10.1111/papt.12206

Embretson, S. E., and Reise, S. P. (2000). Item response theory for psychologists
Mahwah: Lawrence Erlbaum Associates Publishers.

Fisher, M., Loewy, R., Carter, C., Lee, A., Ragland, J. D., Niendam, T., et al. (2015).
Neuroplasticity-based auditory training via laptop computer improves cognition in
young individuals with recent onset schizophrenia. Schizophr. Bull. 41, 250-258. doi:
10.1093/schbul/sbt232

Fong, S. S. M., Guo, X,, Liu, K. P. Y, Ki, W. Y., Louie, L. H. T,, Chung, R. C. K., et al.
(2016). Task-specific balance training improves the sensory organisation of balance
control in children with developmental coordination disorder: a randomised controlled
trial. Sci. Rep. 6:20945. doi: 10.1038/srep20945

Geertsen, S. S., Thomas, R., Larsen, M. N., Dahn, I. M., Andersen, J. N.,
Krause-Jensen, M., et al. (2016). Motor skills and exercise capacity are associated with
objective measures of cognitive functions and academic performance in preadolescent
children. PLoS One 11:¢0161960. doi: 10.1371/journal.pone.0161960

Gieysztor, E. Z., Choinska, A. M., and Paprocka-Borowicz, M. (2018). Persistence of
primitive reflexes and associated motor problems in healthy preschool children. Arch.
Med. Sci. 14, 167-173. doi: 10.5114/a0ms.2016.60503

Graziano, P. A., Reavis, R. D., Keane, S. P, and Calkins, S. D. (2007). The role of
emotion regulation in children’s early academic success. J. Sch. Psychol. 45, 3-19. doi:
10.1016/j.jsp.2006.09.002

Grigg, T. M., Fox-Turnbull, W,, and Culpan, I. (2018). Retained primitive reflexes:
perceptions of parents who have used rhythmic movement training with their children.
J. Child Health Care 22, 406-418. doi: 10.1177/1367493518760736

Hadders-Algra, M. (2016). Inspiring infancy: interrelations between sensory, motor,
and cognitive abilities during typical and atypical development. Dev. Med. Child Neurol.
58, 1-2. doi: 10.1111/dmcn.13038

Hajovsky, D. B., Villeneuve, E. E, Reynolds, M. R., Niileksela, C. R., Mason, B. A., and
Shudak, N. J. (2018). Cognitive ability influences on written expression: evidence for
developmental and sex-based differences in school-age children. J. Sch. Psychol. 67,
104-118. doi: 10.1016/j.jsp.2017.09.001

Jabrayilov, R., Emons, W. H. M., and Sijtsma, K. (2016). Comparison of classical test
theory and item response theory in individual change assessment. Appl. Psychol. Meas.
40, 559-572. doi: 10.1177/0146621616664046

Jackson, R., and Jordan, J. T. (2022). Reliable change in parent-rated scores on the
Brown attention-deficit disorder scales™ from pre- to post-participation in the brain
balance™ program. Humanities and social sciences. Communications 9:1. doi: 10.1057/
541599-022-01333-y

Jackson, R., and Jordan, J. T. (2023). Measurement properties of the brain balance®

multidomain developmental survey: validated factor structure, internal reliability, and
measurement invariance. Curr. Psychol. doi: 10.1007/s12144-023-04248-2

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1171936
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1171936/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1171936/full#supplementary-material
https://doi.org/10.1159/000511511
https://doi.org/10.1097/00004703-200202001-00010
https://doi.org/10.1097/DBP.0000000000000452
https://doi.org/10.1007/s10560-009-0171-3
https://doi.org/10.1177/2158244020983023
https://doi.org/10.1080/15374416.2010.517162
https://doi.org/10.1037/bul0000130
https://doi.org/10.1016/j.rasd.2010.04.018
https://doi.org/10.1016/j.rasd.2010.04.018
https://doi.org/10.3389/fpsyt.2021.430685
https://doi.org/10.1016/j.psychres.2019.112587
https://doi.org/10.1097/00004583-199508000-00012
https://doi.org/10.1080/87565640801982312
https://doi.org/10.1111/cdep.12168
https://doi.org/10.18637/jss.v048.i06
https://doi.org/10.7748/ncyp.2019.e1132
https://doi.org/10.1016/j.ridd.2016.07.010
https://doi.org/10.1080/10409289.2014.932236
https://doi.org/10.1007/s00455-016-9754-2
https://doi.org/10.1176/appi.ps.201700046
https://doi.org/10.1007/s00787-021-01884-6
https://doi.org/10.1093/arclin/acp032
https://doi.org/10.1111/1467-8624.00117
https://doi.org/10.1111/papt.12206
https://doi.org/10.1093/schbul/sbt232
https://doi.org/10.1038/srep20945
https://doi.org/10.1371/journal.pone.0161960
https://doi.org/10.5114/aoms.2016.60503
https://doi.org/10.1016/j.jsp.2006.09.002
https://doi.org/10.1177/1367493518760736
https://doi.org/10.1111/dmcn.13038
https://doi.org/10.1016/j.jsp.2017.09.001
https://doi.org/10.1177/0146621616664046
https://doi.org/10.1057/s41599-022-01333-y
https://doi.org/10.1057/s41599-022-01333-y
https://doi.org/10.1007/s12144-023-04248-2

Jackson and Jordan

Jackson, R., and Robertson, J. (2020). A retrospective review of parent-reported
anxiety and emotional functioning in children with developmental challenges after
participation in the brain balance® program. J. Ment. Health Clin. Psychol. 4, 10-20. doi:
10.29245/2578-2959/2019/1.1192

Jackson, R., and Wild, C. J. (2021). Effect of the brain balance program® on cognitive
performance in children and adolescents with developmental and attentional issues. J.
Adv. Med. Med. Res. 33, 27-41. doi: 10.9734/jammr/2021/v331630857

Jacobson, N. S., and Truax, P. (1991). Clinical significance: a statistical approach to
defining meaningful change in psychotherapy research. J. Consult. Clin. Psychol. 59,
12-19. doi: 10.1037/0022-006X.59.1.12

Jeffries, L. M., McCoy, S. W., Effgen, S. K., Chiarello, L. A., and Villasante
Tezanos, A. G. (2019). Description of the services, activities, and interventions within
school-based physical therapist practices across the United States. Phys. Ther. 99, 98-108.
doi: 10.1093/ptj/pzy123

Klingberg, T., Fernell, E., Olesen, P. ., Johnson, M., Gustafsson, P., Dahlstrom, K., et al.
(2005). Computerized training of working memory in children with ADHD--a
randomized, controlled trial. J. Am. Acad. Child Adolesc. Psychiatry 44, 177-186. doi:
10.1097/00004583-200502000-00010

Kobel, S., Henle, L., Laemmle, C., Wartha, O., Szagun, B., and Steinacker, J. M. (2020).
Intervention effects of a kindergarten-based health promotion Programme on motor
abilities in early childhood. Front. Public Health 8:219. doi: 10.3389/fpubh.2020.00219

Konicarova, J., Bob, P, and Raboch, J. (2013). Persisting primitive reflexes in
medication-naive girls with attention-deficit and hyperactivity disorder. Neuropsychiatr.
Dis. Treat. 9, 1457-1461. doi: 10.2147/NDT.S49343

Kruijt, A.-W. (2021). AWKruijt/JT-RCI: obtain and plot Jacobson-Truax and reliable
change indices version 0.1.0 from GitHub. Available at: https://rdrr.io/github/ AW Kruijt/
JT-RCI/

Liew, J., Cameron, C. E., and Lockman, J. ]. (2018). Parts of the whole: motor and
behavioral skills in self-regulation and schooling outcomes. Early Educ. Dev. 29,
909-913. doi: 10.1080/10409289.2018.1500513

Lundervold, A. ], Bee, T., and Lundervold, A. (2017). Inattention in primary school
is not good for your future school achievement-a pattern classification study. PLoS One
12:¢0188310. doi: 10.1371/journal.pone.0188310

Macdonald, K., Milne, N., Orr, R., and Pope, R. (2018). Relationships between motor
proficiency and academic performance in mathematics and Reading in school-aged
children and adolescents: a systematic review. Int. J. Environ. Res. Public Health 15:1603.
doi: 10.3390/ijerph15081603

Mancini, V. O,, Rigoli, D., Roberts, L. D., Heritage, B., and Piek, J. P. (2018). The
relationship between motor skills and psychosocial factors in young children: a test of
the elaborated environmental stress hypothesis. Br. J. Educ. Psychol. 88, 363-379. doi:
10.1111/bjep.12187

McClelland, M. M., Morrison, E. J., and Holmes, D. L. (2000). Children at risk for early
academic problems: the role of learning-related social skills. Early Child. Res. Q. 15,
307-329. doi: 10.1016/S0885-2006(00)00069-7

McElroy, E., Napoleone, E., Wolpert, M., and Patalay, P. (2019). Structure and
connectivity of depressive symptom networks corresponding to early treatment
response. EClinicalMedicine 8, 29-36. doi: 10.1016/j.eclinm.2019.02.009

McPhillips, M., and Sheehy, N. (2004). Prevalence of persistent primary reflexes and
motor problems in children with reading difficulties. Dyslexia (Chichester, England) 10,
316-338. doi: 10.1002/dys.282

Myer, G. D., Faigenbaum, A. D., Chu, D. A,, Falkel, J., Ford, K. R,, Best, T. M., et al.
(2011). Integrative training for children and adolescents: techniques and practices for
reducing sports-related injuries and enhancing athletic performance. Phys. Sportsmed.
39, 74-84. doi: 10.3810/psm.2011.02.1854

Oei, A. C., and Patterson, M. D. (2013). Enhancing cognition with video games: a
multiple game training study. PLoS One 8:e58546. doi: 10.1371/journal.pone.0058546

Padmanabha, H., Singhi, P, Sahu, J. K., and Malhi, P. (2019). Home-based sensory
interventions in children with autism Spectrum disorder: a randomized controlled trial.
Indian ]. Pediatr. 86, 18-25. doi: 10.1007/s12098-018-2747-4

Posner, M. I, Rothbart, M. K., and Tang, Y.-Y. (2015). Enhancing attention through
training. Curr. Opin. Behav. Sci. 4, 1-5. doi: 10.1016/j.cobeha.2014.12.008

Qian, X., Loo, B. R. Y., Castellanos, F. X,, Liu, S., Koh, H. L., Poh, X. W. W, et al.
(2018). Brain-computer-interface-based intervention re-normalizes brain functional
network topology in children with attention deficit/hyperactivity disorder. Transl.
Psychiatry 8:149. doi: 10.1038/s41398-018-0213-8

R Core Team (2020). Methodology reference. Available at: https://www.cea.curopa.
eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/
r-development-core-team-2006 (accessed June 16, 2021).

Reed, P, and Osborne, L. (2012). Impact of severity of autism and intervention time-

input on child outcomes: comparison across several early interventions. Br. J. Spec. Educ.
39, 130-136. doi: 10.1111/j.1467-8578.2012.00549.x

Revelle, W. (2021). Psych: procedures for psychological, psychometric, and personality
research (2.1.3) [computer software]. Available at: https://CRAN.R-project.org/

package=psych

Frontiers in Psychology

15

10.3389/fpsyg.2023.1171936

Robert, M. P, Ingster-Moati, I, Albuisson, E., Cabrol, D., Golse, B., and Vaivre-Douret, L.
(2014). Vertical and horizontal smooth pursuit eye movements in children with developmental
coordination disorder. Dev. Med. Child Neurol. 56, 595-600. doi: 10.1111/dmcn.12384

Rosen, P. ], Leaberry, K. D., Slaughter, K. E., Fogleman, N. D., Walerius, D. M.,
Loren, R. E. A, et al. (2019). Managing frustration for children (MFC) group
intervention for ADHD: an open trial of a novel group intervention for deficient
emotion regulation. Cogn. Behav. Pract. doi: 10.1016/].CBPRA.2018.04.002

Salla, J., Michel, G., Pingault, J. B., Lacourse, E., Paquin, S., Galéra, C., et al. (2016).
Childhood trajectories of inattention-hyperactivity and academic achievement at 12
years. Eur. Child Adolesc. Psychiatry 25, 1195-1206. doi: 10.1007/s00787-016-0843-4

Sénchez-Pérez, N., Inuggi, A., Castillo, A., Campoy, G., Garcia-Santos, J. M.,
Gonzalez-Salinas, C., et al. (2019). Computer-based cognitive training improves brain
functional connectivity in the attentional networks: a study with primary school-aged
children. Front. Behav. Neurosci. 13:247. doi: 10.3389/fnbeh.2019.00247

Shaffer, R. J., Jacokes, L. E., Cassily, J. E, Greenspan, S. L, Tuchman, R. E, and
Stemmer, P. J. (2001). Effect of interactive metronome training on children with ADHD.
Am. J. Occup. Ther. 55, 155-162. doi: 10.5014/ajot.55.2.155

Sigafoos, J., Roche, L., O'Reilly, M. E, and Lancioni, G. E. (2021). Persistence of
primitive reflexes in developmental disorders. Curr. Dev. Disord. Rep. 8, 98-105. doi:
10.1007/s40474-021-00232-2

Squillace, M., Ray, S., and Milazzo, M. (2015). Changes in gross grasp strength and
fine motor skills in adolescents with pediatric multiple sclerosis. Occup. Ther. Health
Care 29, 77-85. doi: 10.3109/07380577.2014.967441

Surburg, P. R., and Eason, B. (1999). Midline-crossing inhibition: an indicator of
developmental delay. Laterality 4, 333-343. doi: 10.1080/713754347

Tang, Y.-Y,, Ma, Y., Wang, J., Fan, Y, Feng, S., Lu, Q, et al. (2007). Short-term
meditation training improves attention and self-regulation. Proc. Natl. Acad. Sci. U. S.
A. 104, 17152-17156. doi: 10.1073/pnas.0707678104

Taub, G. E., Keith, T. Z., Floyd, R. G., and Mcgrew, K. S. (2008). Effects of general and
broad cognitive abilities on mathematics achievement. Sch. Psychol. Q. 23, 187-198. doi:
10.1037/1045-3830.23.2.187

Taylor, M., Houghton, S., and Chapman, E. (2004). Primitive reflexes and attention-
deficit/hyperactivity disorder: developmental origins of classroom dysfunction. Int. J.
Spec. Educ. 19, 23-37.

Taylor, J. H., Lebowitz, E. R., Jakubovski, E., Coughlin, C. G., Silverman, W. K., and
Bloch, M. H. (2018). Monotherapy insufficient in severe anxiety? Predictors and
moderators in the child/adolescent anxiety multimodal study. J. Clin. Child Adolesc.
Psychol. 47, 266-281. doi: 10.1080/15374416.2017.1371028

Teicher, M. H., Bolger, E., Hafezi, P, Garcia, L. C. H., McGreenery, C. E., Weiser, L.,
et al. (2023). %pen assessment of the thera‘geutic and rate-dependent effects of brain
balance center™ and interactive metronome"~ exercises on children with attention deficit
hyperactivity disorder. Psychiatry Res. 319:114973. doi: 10.1016/j.psychres.2022.114973

Teitelbaum, O., Benton, T., Shah, P. K., Prince, A., Kelly, J. L., and Teitelbaum, P.
(2004). Eshkol-Wachman movement notation in diagnosis: the early detection of
Asperger’s syndrome. Proc. Natl. Acad. Sci. U. S. A. 101, 11909-11914. doi: 10.1073/
Ppnas.0403919101

Thoder, V. J., Hesky, J. G., and Cautilli, J. (2010). Using reliable change to calculate
clinically significant progress in children with EBD: a BHRS program evaluation. (IJBCT)
International Journal of Behavioral Consultation and Therapy. doi: 10.1037/H0100897

Thorell, L. B., Lindqvist, S., Bergman Nutley, S., Bohlin, G., and Klingberg, T. (2009).
Training and transfer effects of executive functions in preschool children. Dev. Sci. 12,
106-113. doi: 10.1111/j.1467-7687.2008.00745.x

Torchiano, M. (2016). Effsize—a package for efficient effect size computation. Zenodo.
doi: 10.5281/zenodo.1480624

Trecroci, A., Cavaggioni, L., Caccia, R., and Alberti, G. (2015). Jump rope training:
balance and motor coordination in preadolescent soccer players. J. Sports Sci. Med. 14,
792-798.

Vaivada, T., Gaffey, M. E, and Bhutta, Z. A. (2017). Promoting early child development
with interventions in health and nutrition: a systematic review. Pediatrics 140. doi:
10.1542/peds.2016-4308

Wang, S., and Wang, T. (2001). Precision of Warm’s weighted likelihood estimates for
a polytomous model in computerized adaptive testing. Appl. Psychol. Meas. 25, 317-331.
doi: 10.1177/01466210122032163

Wolpert, M., Gorzig, A., Deighton, J., Fugard, A. J. B., Newman, R., and Ford, T.
(2015). Comparison of indices of clinically meaningful change in child and adolescent
mental health services: difference scores, reliable change, crossing clinical thresholds
and “added value” - an exploration using parent rated scores on the SDQ. Child Adolesc.
Mental Health 20, 94-101. doi: 10.1111/camh.12080

Woo, C. C., Donnelly, J. H,, Steinberg-Epstein, R., and Leon, M. (2015). Environmental
enrichment as a therapy for autism: a clinical trial replication and extension. Behav.
Neurosci. 129, 412-422. doi: 10.1037/bne0000068

Zachor, D. A., and Ben Itzchak, E. (2010). Treatment approach, autism severity and
intervention outcomes in young children. Res. Autism Spectr. Disord. 4, 425-432. doi:
10.1016/j.rasd.2009.10.013

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1171936
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.29245/2578-2959/2019/1.1192
https://doi.org/10.9734/jammr/2021/v33i630857
https://doi.org/10.1037/0022-006X.59.1.12
https://doi.org/10.1093/ptj/pzy123
https://doi.org/10.1097/00004583-200502000-00010
https://doi.org/10.3389/fpubh.2020.00219
https://doi.org/10.2147/NDT.S49343
https://rdrr.io/github/AWKruijt/JT-RCI/
https://rdrr.io/github/AWKruijt/JT-RCI/
https://doi.org/10.1080/10409289.2018.1500513
https://doi.org/10.1371/journal.pone.0188310
https://doi.org/10.3390/ijerph15081603
https://doi.org/10.1111/bjep.12187
https://doi.org/10.1016/S0885-2006(00)00069-7
https://doi.org/10.1016/j.eclinm.2019.02.009
https://doi.org/10.1002/dys.282
https://doi.org/10.3810/psm.2011.02.1854
https://doi.org/10.1371/journal.pone.0058546
https://doi.org/10.1007/s12098-018-2747-4
https://doi.org/10.1016/j.cobeha.2014.12.008
https://doi.org/10.1038/s41398-018-0213-8
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/

r-development-core-team-2006
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/

r-development-core-team-2006
https://www.eea.europa.eu/data-and-maps/indicators/oxygen-consuming-substances-in-rivers/

r-development-core-team-2006
https://doi.org/10.1111/j.1467-8578.2012.00549.x
https://CRAN.R-project.org/package=psych
https://CRAN.R-project.org/package=psych
https://doi.org/10.1111/dmcn.12384
https://doi.org/10.1016/J.CBPRA.2018.04.002
https://doi.org/10.1007/s00787-016-0843-4
https://doi.org/10.3389/fnbeh.2019.00247
https://doi.org/10.5014/ajot.55.2.155
https://doi.org/10.1007/s40474-021-00232-2
https://doi.org/10.3109/07380577.2014.967441
https://doi.org/10.1080/713754347
https://doi.org/10.1073/pnas.0707678104
https://doi.org/10.1037/1045-3830.23.2.187
https://doi.org/10.1080/15374416.2017.1371028
https://doi.org/10.1016/j.psychres.2022.114973
https://doi.org/10.1073/pnas.0403919101
https://doi.org/10.1073/pnas.0403919101
https://doi.org/10.1037/H0100897
https://doi.org/10.1111/j.1467-7687.2008.00745.x
https://doi.org/10.5281/zenodo.1480624
https://doi.org/10.1542/peds.2016-4308
https://doi.org/10.1177/01466210122032163
https://doi.org/10.1111/camh.12080
https://doi.org/10.1037/bne0000068
https://doi.org/10.1016/j.rasd.2009.10.013

	Reliable change in developmental outcomes of Brain Balance® participants stratified by baseline severity
	Introduction
	Methods
	Ethical approval
	Data source
	Measures
	Parental surveys
	Primitive reflexes and sensorimotor activity
	Inclusion criteria
	Training protocol
	Analysis
	Reliable change analyses for BB-MDS scores
	Analyses of sensorimotor activity and primitive reflexes

	Results
	Classical test and item response theory estimates of reliability
	Effect size estimates of change pre- to post-program
	Reliable change estimates from pre- to post-program
	Sensory motor activity and primitive reflexes from pre- to post-program

	Discussion
	Limitations
	Conclusion

	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note
	Supplementary material

	References

