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Abstract

This research aims to explore the growth patterns of neurocognitive deficiencies and behavioral
deregulation in high-risk children over four years. Using a sample of 190 children recruited through
clinical referrals and early intervention programs, this study utilizes standardized neuropsychological
evaluations alongside behavioral risk assessments to retrieve data at multiple points in time, exam-
ining the interplay between cognitive delays and behavioral issues. The results indicate that earlier
executive function deficits strongly predict the development of persistent dysregulated control areas,
especially externalized aggressive and impulsive behaviors. Cluster analysis revealed three distinct
risk profiles, each with unique neurocognitive-behavioral features. Working memory deficits, delayed
verbal processing, and the presence of the institutional setting emerged through multivariate regres-
sion analysis as the most dominant explainers for behavioral decrements. Further analysis indicated
a subgroup of children with moderate intellectual disabilities showed the greatest behavioral decline
when coupled with unremediated cognitive lags. Notably, subjects who received structured cognitive
skills and validated reproductive health interventions demonstrated significant behavioral stabiliza-
tion, suggesting proactive neurodevelopmental care can redirect negative behavioral trends. These
findings highlight the urgency of proactive integrated neurodevelopmental surveillance and tailored
intervention framework within paediatric risk management paradigms.

Keywords Neurocognitive Deficits, Behavioral Dysregulation, Longitudinal Paediatric Study, Executive
Function Delay, High-Risk Child Populations.

Introduction
Background and Rationale

The earliest years of life, roughly from the prenatal period to a child’s eighth birthday, is a
vital period in regard to a person’s life as it is greatly associated with all future cognitive
and behavioral undertakings [1]. The time before a child turns ten is especially crucial as
the child’s brain goes through numerous neurological changes, such as synaptogenesis,
pruning, and myelination, which serve as the building blocks for advanced processes —
working memory, attention, emotional regulation, and executive functioning [2]. Often,
these developmental processes lead to more complex issues beyond temporary cognitive
delays. When coping resources are slowed during development, there can be a loss of
capability to manage and control behavior [3]. Once a child falls behind with these coping
mechanisms, the problem of behavioral dysregulation has the potential to get worse or
become chronic over time [4].
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Neuropsychological deficits are particularly common among children considered high-
risk because of their environment, clinical history, or familial characteristics, and they are
often underappreciated [5]. These deficits may include low executive function, decreased
processing speed, increased difficulty with inhibitory control, and inflexible thinking [6].
More often than not, these cognitive challenges are manifested in problems with academic
learning, social behavior, and adaptive functioning. More troubling, there is growing data
suggesting that cognitive delays of this nature are inherently predictive of later problem
behaviors ranging from externalized manifestations such as aggression, impulsive acts,
and oppositional defiant behaviors, to internalized deficits like anxiety and emotional with-
drawal [7]. This sequence of development is often termed the neurocognitive-behavioral
pathway and suggests how core cognitive deficits might underlie persistent patterns of
behavioral dysregulation.

Regardless of the growing body of work highlighting its importance, early cognitive devel-
opment is often treated, within existing diagnostic and intervention frameworks, as sep-
arate from neurocognitive deficits and behavioral dysregulation. Delays in cognition are
usually dealt with under the domains of educational psychology or neurodevelopmental
paediatrics, whereas disturbances in behavior are managed through therapy or psychiat-
ric intervention [8]. This schism, however, shrinks understanding and practice as a whole
and leaves a great number of children at risk of worsening, unaddressed problems that
delay intervention until they reach a crisis point [9]. It is this gap that justifies the current
study. There is a significant void in the literature on the upper bound of cognitive and
behavioral changes, their co-evolution, and reciprocal influences over time in high-risk
paediatric populations [10].

This study attempts to fill that gap with a multi-year, evidence-based analysis of neurocog-
nitive development and behavioral risk in children considered high-risk by early childhood
screening programs, clinical referrals, and social services. The aim is not only to docu-
ment the existence of cognitive deficits or behavioral issues at specific timepoints, but
also to chart their interrelationships, progression, and subgroup variability across primary
developmental time windows. By tracing the patterns and identifying the early cognitive
vulnerabilities that underpin the persistent behavioral dysregulation, the research seeks
to enhance the screening models, intervention frameworks, and the equitable outcomes
designed for the children who are at heightened risk during critical phases of development.

Scope of Neurocognitive Risk in Paediatric Cohorts

The limitations of neurocognitive risk frameworks in paediatric populations are wide-rang-
ing and multifaceted. They span a continuum of biological and environmental factors
associated with perinatal difficulties, genetic syndromes, neglect or trauma as evolving
environmental stressors, and neurobiological determinants such as structural brain defects
or imbalances in neurotransmitters. Such frameworks have gaps documenting the extent
that features of impairment in high-risk child populations cluster and relate to longitudinal
behavioral outcomes which, while independently assessed, lack integrated data in longi-
tudinal studies.

Recent data indicate between 12% to 18% of children in primary educational systems
are estimated to have some form of neurocognitive impairment, only a small portion of
which is diagnosed or relieved through formal educational intervention. For greater risk
subgroups—the exposed to multi-faceted adversity such as parental mental illness, his-
torical trauma, or poverty—these estimates can surpass 40%. In addition, these children
frequently experience co-occurring learning, speech-language, and behavioral problems
which muddle diagnostic clarity and delay appropriate intervention.
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An important factor within this framework is the age at which neurocognitive deficits
become detectable and reliably quantifiable. Research shows that executive dysfunction
is observable as early as 3 years of age, both through routine interactions and formal test-
ing. Nonetheless, most early childhood education systems are not designed to identify
such deficits until after they have resulted in significant behavioral problems or academic
failure. This delay in identification adds to what is widely known as the “intervention gap,”
which is the time that elapses between the emergence of developmental concerns and the
provision of services that address those concerns.

In order to address the underlying variability and distribution of the described problem
over different phases of development, this study collected cleft-percentage cognitive data
separated by age groups. The distribution is captured in Figure 1, where the percentage
of children screened with clinically significant deficits is shown across four age bands.
Most striking, however, is the increase in the 3-8 age group, where from 7-8 years old, the
number skyrockets to over 50% before slightly declining in the 9-10 cohort. This shift is
likely explained by selection attrition or increased access to remedial intervention during
late schooling.

The evidence suggests that the period from age 5 to age 8 is particularly important for
identifying and addressing potential neurocognitive weaknesses. During this time, chil-
dren start to enter formal schooling, which dramatically increases cognitive demands. If
these deficits are not remediated at this stage, the resultant behavioral coping strategies—
oppositionality, inattention, social withdrawal—are likely to become entrenched and mis-
interpreted as primary disorders when, in fact, they are symptoms of unacknowledged
cognitive effort averse trap.

These results support the proposal put forth for educational and clinical behavior interpre-
tations marked within the boundaries of extreme risk in children’s dynamics. The current
study aims to contribute to this reframing effort by providing data that tracks cognitive and
behavioral trajectories simultaneously, illuminating their reciprocal relationships and con-
sequential ramifications.

Figure 1 Prevalence of Early Neurocognitive Deficits by Age Group
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Objectives and Hypotheses

The main aim of this study is to describe the longitudinal development of neurocognitive
and behavioral disorders in high-risk paediatric populations. More precisely, the study
aims to assess how chronic deficits of executive functioning, processing speeds, and
working memory exacerbate behavioral risk over time, and whether some subgroups are
more severe or persistent than others.

This aim is operationalized through four main hypotheses. First, it is proposed that early
neurocognitive deficits will be significantly predictive of increased behavioral dysregula-
tion at each wave of data collection. Second, the study expects that children with the most
severe cognitive delays will demonstrate a greater risk of behavioral problems over time,
even after controlling for demographic and environmental factors. Third, it is expected
that cluster analysis will identify distinct behavioral phenotypes aligned with specific neu-
rocognitive profiles, for example, high externalizing behavior and high working memory
impairment. Finally, the study expects children receiving targeted cognitive and behavioral
interventions will demonstrate greater stability and less dysregulated behavior over time
compared to children without intervention.

Each of these hypotheses reflects one’s willingness to understand risk not as a singular or
static status, but rather a dynamic interplay of one’s cognitive ability, exposure to the environ-
ment, and institutional action. This study’s longitudinal design—following several domains
through several phases of development—allows for a more sophisticated examination of
factors regards how they evolve, intersect, and build upon one another over time. Instead of
attempting to parse causes and effects at discrete timepoints, the study tracks the ways in
which developmental vulnerabilities accumulate or resolve within real-world settings.

The anticipated impact of this research is therefore described as twofold. First, empirically,
the study aims to accurately define the cognitive-behavioral pathways of children in high-
risk settings. Second, programmatically, the research seeks to justify an earlier and more
comprehensive integrative approach to screening and support through education, child
protective services, and paediatric healthcare initiatives.

Conceptual Framework and Definitions

This study fits within a developmental psychopathology framework that focuses on an inte-
grated view of biological, psychological, and contextual factors over time and their impact
on behavior. Within this framework, neurocognitive deficits are not viewed as singular pathol-
ogies, but rather as part of an evolving stratified risk composite system that interacts with
external stressors and internal coping mechanisms to produce diverse behavioral outcomes.
This model supports patterning of early risks as well as supports the possibility for develop-
mental resilience when protective factors such as intervention or caregiving are provided.

For the purposes of this study, neurocognitive deficits are described as significant statis-
tical deviations in one or more of the following: working memory, processing speed, cog-
nitive flexibility, inhibition, and verbal reasoning. The selection of these domains is due
to their strong theoretical and empirical connections to executive functioning and strong
predictive value stemming from childhood behavioral outcomes. Behavioral dysregulation
is defined in operational terms as the excess scoring on externalizing and internalizing
standardized behavior inventories along with documented aberrant behavioral incidents
within institutional or educational settings. Within these contexts, behavior that would be
considered dysregulated includes aggressive acts, impulsive behaviors, hyperactivity,
emotional instability, and social withdrawal.
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Subjects of the research were categorized as high-risk if they met any of the following
criteria: previous involvement with child protection services, lower socioeconomic status,
exposure to a parental figure with mental illness, experiencing adverse childhood events
(ACEs), or having received a referral from paediatric or educational services. Subsequently,
the sample was stratified according to cognitive profile and behavioral trajectory to facili-
tate both intra-group and inter-group comparisons across multiple timepoints.

Literature Review and Theoretical Basis
Developmental Neuropsychology of Executive Function

Executive function (EF) encompasses a range of higher-level skills crucial for goal-oriented
and contextually appropriate action. Self-regulation, working memory, inhibitory control,
cognitive shifting, planning, and self-monitoring are all branches of executive function-
ing that aid people to modulate thoughts, feelings, and behaviors in relation to changing
stimuli in the environment [11]. Achievement in these skills for children is critical for their
academic undertakings, interpersonal relationships, emotional management, and sus-
tained positive mental well-being throughout their adulthood [12]. From a developmen-
tal perspective, EF begins to emerge in toddlers and continues to develop through early
adulthood; however, the trajectory is lengthy and uneven, and one’s biological and envi-
ronmental context has significant implications [13].

From the neuroanatomical standpoint, the development of EF is closely linked with the
advancement of the prefrontal cortex and its connections with subcortical and parietal
structures. The Structural correlates of executive function (EF) in children- A review 2022. F
Laureys et al showed that functional MRI and diffusion tensor imaging studies have demon-
strated that the structural integrity and connectivity of these regions EF performance in
children [14]. In high-risk paediatric populations, however, the EF developmental trajectory
tends to be more negatively impacted by factors such as prenatal substance exposure,
perinatal complications, chronic stress, or early-life trauma [15]. These factors are known
to cause structural (e.g. reduced grey matter volume and myelination) and functional (e.g.
hypoactivation of prefrontal regions) deficits that result behaviorally in impulsivity, poor
planning, difficulties in shifting attention, and emotional lability [16].

Scaffolding emphasizes providing support or guidance that is tailored to a child’s specific devel-
opmental stage and need. Vygotsky and constructivist approach also suggests that self-regu-
lation is co-constructed in social contexts whereby neglect, inconsistency, or even authoritarian
discipline would stifle the development of these EF skills. This hypothesis has been confirmed
by longitudinal studies of children exposed to supportive language-rich environments outper-
form those not exposed regardless of intelligence or socioeconomic status [17].

Deficits in Executive Functioning (EF) are not only an academic issue; they are related to
self-regulation of behavior. Children with EF deficits frequently have difficulty controlling
emotions and changing strategies when feedback is given [18]. Because of these diffi-
culties, some children tend to display behaviors that are described as defiant, hostile, or
as attention problems. Because of this, the child becomes more likely to face punishment
and social exclusion or be diagnosed with some psychological disorder. In certain at-risk
populations where deficits in EF frequently occur alongside other developmental weak-
nesses, these behavioral problems can be extremely severe and difficult to treat using
standard behavioral approaches [19].

To assess and address EF among school-aged children, some researchers examine ways
in which these children are rested. For instance, instead of considering performance on



tests as the end goal, they pursue a more holistic ecological approach that emphasizes
looking for ways at which executive processes are utilized in everyday life and their rela-
tion to broader developmental systems. This is a helpful approach for both assessment
and intervention by reframing the need for developmental and cultural responsiveness as
well as the context in which the children are situated.

Models of Behavioral Dysregulation

Behavioral dysregulation is a disorder characterized by problems with the management of
emotions, impulse control, and socially acceptable behavior. It includes as well external-
izing symptoms, like aggression and hyperactivity, and internalizing ones, like withdrawal
and anxiety, resulting from self-regulation breakdowns [20]. The research of behavioral
dysregulation has remained a predominant area of interest within the developmental psy-
chopathology, educational psychology, and paediatric psychiatry realms, particularly
because of its strong association with academic failure, peer rejection, and even delin-
quent behavior later in life [21].

“Traditional models have stressed bias on dispositional and contextual factors,” Ineichen
notes. The diathesis-stress model explains that children at risk due to high negative emo-
tionality or poor effortful control are more prone to having problems in managing their
behavior when facing stressors [22]. Similarly, coercion theory describes how maladap-
tive parent-child interactions—especially in the form of inconsistent discipline coupled
with negative reinforcement—can give rise to chronic oppositional or aggressive behavior.
Those formulated the basis for countless prevention and intervention programs, including
parent education and school-based behavior support [23].

More recently, scholars have begun to incorporate neurocognitive factors such as execu-
tive function and the stage of brain maturation into behavioral models. As an example, the
dual systems model elaborates on the interplay of a rapidly developing socio-emotional
system and a more slowly maturing cognitive control system in early to mid-adolescence
[24]. It sheds light on the phenomenon whereby behavioral dysregulation in high-risk ado-
lescents peaks around early adolescence, as emotional drives outstrip the ability to exec-
utive inhibition and planning.

One of these is the “hot and cool EF” framework, which makes a distinction between emo-
tionally neutral (cool) and emotionally laden (hot) tasks. Children exhibiting dysregulation
often utilize adequate effort on cool tasks, like rule-based sorting (e.g., sorting cards by
rule), but perform poorly on hot tasks where rewards, threats, or frustration are present
[25]. This divide highlights the need to evaluate executive function and emotional context
and to design more appropriate interventions, thereby shifting paradigm from mainly tai-
lored to assessment and evaluation.

Crucially, behavioral dysregulation is understood as both a mechanism and a symptom. It
not only depicts developmental vulnerabilities, but also perpetuates them by invoking pun-
ishing responses that reinforce negative self-views and erode social support systems. For
example, a child may suspend school due to aggressive reactions to academic frustration,
thus missing out on remediation which exacerbates their academic and social deficits.

To explain these bidirectional effects, integrated models, including the developmental cas-
cade model, have been developed. In this model, initial gaps in one area, such as exec-
utive function (EF), are posited to set off a cascade of difficulties in other areas, including
academic achievement, peer interaction, and behavioral conduct, creating a reciprocal
network over time. This model compellingly accounts for why relatively mild cognitive
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delays in early childhood can lead to severe behavioral and educational challenges by
adolescence if unaddressed.

Risk Accumulation in Paediatric Vulnerability

Risk accumulation is one of the most important theories for understanding the develop-
mental outcomes of children. Unlike single-risk models that concentrate on individual
elements, like poverty or parental psychopathology, cumulative risk models evaluate the
interplay of multiple adversities and their impairment of cognitive, behavioral, and emo-
tional growth [26]. These struggles can include biological risks (low birth weight, prenatal
substance exposure), psychological risks (insecure attachment, neglect), and environ-
mental risks (community violence, school failure) that have a tendency to coexist, com-
pounding the problem [27].

Longitudinal studies have demonstrated that the number of risk factors presented to a
child is far more detrimental in predicting negative outcomes than the type of risk pre-
sented [28]. For instance, children who face three or four developmental risks prior to turn-
ing five stand a greater chance of having academic, persistent behavioral, and mental
health problem by the teenage years. The cumulative effect becomes more evident among
populations at higher risk due to entrenched inequities and intergenerational adversity
which foster enduring chronically strained developmental conditions.

From the perspective of neurocognitive development, risk accumulation may slow down
brain growth for both direct and indirect reasons. The direct reason would be the impact
of stress hormones, such as cortisol, on the development of the hippocampus and
prefrontal regions, which are central to memory and executive function [29]. Indirectly,
cumulative risk may impede access to enriching experiences and increase exposure
to chaotic, unpredictable environments that stifle cognitive development. These circum-
stances are not simply additive; they work together in a cumulative fashion, causing
greater cognitive and emotional regulation problems than would be expected from these
factors alone [30].

In terms of actions, risk accumulation translates to the rate and intensity of dysregulation.
With multiple risks, children show greater volatility and extreme reactions, robust aggres-
sion or withdrawal, and defiance to interventions and treatment. Additionally, these chil-
dren overlook many of their cognitive deficits due to these behavioral concerns, leading
to issues of being incorrectly diagnosed or not diagnosed at all. Take, for instance, a child
who is impulsively and inattentively restless. The diagnosis hinges on the belief that he is
acting opposition or defying authority, while the behavior indicates unrecognized execu-
tive dysfunction ramped up by unstable environments [31].

The cumulative risk framework highlights the need for a thorough risk ecology as well as
comprehensive diagnostics in the early stage of development. It underscores the necessity
for both child-level and system-level factors to be addressed through targeted, multi-level
intervention strategies. These interventions must interrupt the cascading risk processes in
a culturally appropriate manner to avert the crystallization of enduring dysfunction.

Gaps in Longitudinal Paediatric Cohort Research
Our understanding of the neurocognitive and behavioral development of children has

greatly advanced, yet longitudinal paediatric cohort research is still lacking in some critical
areas. Existing studies either concentrate on cognitive or behavioral outcomes, seldom



exploring the interplay between the two. This fragmentation hampers our understanding
of the co-developmental pathways linking cognitive delays with behavioral dysregulation
and hampers the formulation of systems-relational integrative approaches responsive to
the underlying gap.

Another significant gap concerns the age span covered by cohort studies. A number of
longitudinal studies lock in at school age or even older, completely bypassing high child-
hood, a window with a long-shifting potential because neurocognitive capabilities begin to
develop during this period. Restriction of the window for routine monitoring is compounded
by the absence of instruments tailored to early development that can detect subtle cogni-
tive changes among toddlers and preschoolers from diverse backgrounds.

Studies that include marginalized or high-risk groups are also particularly scarce. Most
longitudinal cognitive studies focus on a middle-class urban English-speaking cohort,
which fails to understand the complex risk environments many children face, including
theory-ridden and empirical-driven risk environment paradigms. This is an important over-
sight to make in policy and practice, as it endorses a universalistic model of develop-
mental evaluation that ignores context and fails to take into account the cognitive and
behavioral frameworks in which development occurs.

In terms of methodology, longitudinal paediatric research suffers from attrition bias, under-
powered subsamples, and inconsistent measurement intervals. These constraints chal-
lenge conclusions about development and the ability to model causation, weakening the
validity of the claims made. Moreover, many studies treat behavior as a passive endpoint,
failing to account for the unilateral influence child behavior has on responding to an envi-
ronment that is fully constraining.

A literature review conducted within the 2005-2025 interval, represented graphically in
Figure 2, displays progress as well as persistent gaps. The figure illustrates the increasing
publications on paediatric studies concerning cognitive risk rising from 12 in 2005 to a pro-
jected 70 in 2025. However, the detailed analysis of these studies indicates that behavior
data is only included in a small fraction of the studies, and even fewer integrate modeling
frameworks that utilize bidirectional influences across various domains.

The trend demonstrates recognition of paediatric cognitive risk in public health but also
highlights the need for more thorough models which capture the interrelation of cogni-
tive, emotional, and behavioral development. This evolving landscape is one that this
particular study seeks to contribute to by providing longitudinal datasets that capture the
trajectories of neurocognitive and behavioral change in high-risk paediatric populations.
It aims to provide a model of how cognitive vulnerabilities develop over time in relation to
behavioral regulation, environment, and conditions to produce divergent developmental
outcomes.

Methodology
Study Design and Timeframe

The longitudinal multi-cohort design of this study facilitated the observation of changes
over time in neurocognitive functioning and behavioral regulation in high-risk paediatric
populations. The design included four distinct waves of data collection over the span of
three years. This approach aimed to capture not only as changes within individuals but
also population changes where groups arise or come together regarding their neurocogni-
tive and behavioral traits.
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Figure 2 Longitudinal Trends in Paediatric Cognitive Risk Studies (2005—-2025)
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As part of this study, data was collected once per year ensuring sufficient frequency
aligned with essential milestones in neurodevelopment during early and middle childhood.
Enrollers in the study were between three to six years of age which allowed capturing
critical phase in development concerning cognitive, social, and environmental factors.
The gaps between each wave were designed to ensure that developmental transitions
were adequately captured without long enough pauses that could negatively affect data
relevance.

The cohort-sequential design allowed the study to integrate within-person change assess-
ments across waves and between different age and risk groups. This design focus permits
the research to be about tracing the children rather than simply describing them at a single
instance in time in regard to developmental stagnation.

Every wave of data collection included a set of neurocognitive tests, standardized behav-
ioral checklists, along with a background and health history. In addition to the quantitative
components of the study, qualitative data were also collected through caregiver interviews
and institution reports, especially in cases when unusual behavior escalation or atypical
developmental patterns were noted. These qualitative data were crucial for understanding
the narrative behind changing scores over time.

Participant Recruitment and Risk Stratification

Through early childhood centers, paediatric developmental clinics, and community mental
health agencies, participants were recruited from three metropolitan areas. Recruitment
guidelines were developed with local service providers and focused on tracking children
identified as developmentally or behaviorally problematic. Participants were required to be
between three and six years old at the time of enroliment, have no diagnosed neurogenetic
syndromes, and be able to participate in at least some portions of the neurocognitive test-
ing, provided some support was available.

At Wave 1, the study had 190 children enrolled. Risk stratification was completed using a
cumulative index created from caregiver reports, institutional documents, and screenings



conducted at baseline. The index contained five domains: medical complications, lan-
guage or developmental delays, family adversity, social service involvement, and behav-
ioral self-regulation indicators. Each domain was rated separately, and participants were
categorized as high-, moderate-, or low-risk based on a calculated composite risk score.

Evidence of exposure in high-risk participants included placements out of home, parental
psychiatric illness, chronic neglect, and formal referrals to behavioral clinics. Moderate-
risk children had single-domain exposure, or milder profiles often related to low income,
chronic neglect, or borderline developmental scores. Low-risk children, who were included
solely for comparison, were recruited from the same service networks but did not meet
elevated scores in the composite index.

Retention across waves is illustrated in Figure 3. Out of the initial 190 participants, 172
were retained by Wave 2, 154 by Wave 3, and 139 by Wave 4. Attrition primarily consisted
of relocation, disengagement from services, or loss to follow-up. High-risk families showed
slightly higher rates of attrition, though any differential dropout was controlled statistically
during analysis.

This figure illustrates attrition in tandem with the expected reduction in the number of
participants over time. By the final wave, participants retained from the original sample
reached a stabilization of 73 percent. Mitigation strategies included contact through a
combination of flexible times and multi-channel scheduling, in addition to periodic news-
letters and check-ins. High attrition is a common concern in longitudinal high-risk designs,
but the retention rates achieved in this study were satisfactory, especially for accompany-
ing multivariate and growth curve modeling, and were consistent with other studies within
the field.

Wave-wise demographic distribution is detailed in Table 1. Each wave captures the count
of total assessed participants and the proportions of high-, moderate-, and low-risk partic-
ipants, their average ages, and gender distribution. The mean age increased steadily from
5.3 years in Wave 1 to 8.0 years in Wave 4. The proportions of risk remained fairly consis-
tent over time, with some participants changing dynamics due to shifting circumstances.

Figure 3 Participant Retention and Attrition at Each Wave
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Table 1 Demographic and Risk Group Distribution across Timepoints

Wave Total Participants High Risk (%) Moderate Risk (%) Low Risk (%) Mean Age (yrs) Female (%)
Wave 1 190 61 27 12 5.3 47
Wave 2 172 59 28 13 6.2 48
Wave 3 154 58 29 13 71 49
Wave 4 139 57 30 13 8.0 49

The observed stability in risk group allocation paired with the demographic criteria across waves advanced the basis for temporal analyses and subgroup
model comparisons.

The ratio of female participants across all waves hovered around 48 percent, maintaining
balance in representational bias.

Neurocognitive and Behavioral Instruments

For neurocognitive assessment, we used tools appropriate for the child’s age, which mea-
sured executive functions with high ecological and psychometric validity. Core domains
assessed included working memory, processing speed, inhibition, verbal reasoning, and
cognitive flexibility. These domains were chosen because they are instrumental to early
practice of self-control and are fundamental in school readiness.

For younger children, certain age-level instruments like the NEPSY-Il executive function
subtests or relevant WPPSI-IV and WISC-V indices were used based on overall cognitive
development. More advanced children adaptive supplementary tools which included the
Dimensional Change Card Sort and the Tower of London for context-sensitive planning
and set-shifting. Each domain’s results were scaled based on normative benchmarks and
transformed into age-adjusted z-scores for easier comparison and modeling.

Behavioral assessment in this case used a combined dual-source approach in which
guardians told children about the assessment while an institution kept a record of the
process. All participants provided transverse report of their internalizing and externaliz-
ing symptoms through the Child Behavior Checklist at all waves. In parallel, the Behavior
Rating Inventory of Executive Function was administered by caregivers and educators in
preschool and child form to understand real self-regulation performance.

Where available, institutional behavior logs supplemented the behavioral data. These logs
recorded incidents of aggression, withdrawal, elopement, wilful defiance, and other forms
of dis-regulated behavior. Even though these records were administrative, they extremely
valuable others confirming objective estimates of behavioral risk, especially for study par-
ticipants who were near the threshold for scoring range in standardized metrics.

Each assessment was carried out by a developmental psychologist or clinical research
assistant who had undergone training, working under the supervision of a licensed neuro-
psychologist. Testing was conducted in calm and well-known settings, and additional sup-
port was given to children with communication or motor difficulties. Throughout all waves,
considerable efforts were made in consistent testing, which included retraining assessors,
conducting training calibration checks, and blinded scoring.

Neurocognitive and behavioral scores were captured as both raw score and standard
score. For both domains, composite indices were created and internally validated using
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Cronbach’s alpha and confirmatory factor analysis. These indices were used along with
other data sets to perform latent growth modeling and risk cluster analysis in subsequent
phases of the study.

Data Normalization and Ethical Protocols

Before analysis, the dataset was prepared methodically and systematically. The initial
steps of screening through raw scores involved checking for entry errors, outliers, and
logical inconsistencies. Data that was unaccounted for was resolved through multiple
imputations of chained equations, with additional auxiliary predictors added in to further
improve the credibility and reliability of the imputed value. Variables with more than 20 per-
cent missingness were flagged and sensitivity analyses were performed to determine the
strength of the findings using these datasets.

To ensure consistency over time, all neurocognitive and behavioral variables were aged
and z-transformed. In cases where normative data was absent for certain subpopula-
tions, the such group’s local norms were calculated from the low-risk comparison cohort to
improve developmental alignment as well as cross-wave comparability. Every single deci-
sion made in regard to transformations, imputations, scoring, and others were recorded in
a version-controlled database which allows complete auditability alongside unparalleled
replicability, thus, ensuring credibility.

Oversight reflecting on ethical issues underpinning the research was incorporated in all
the phases of the study. During conduct of the study, approval from the Institutional Review
Board of the coordinating university was gained and was renewed every year. Parents or
legal guardians provided consent in writing, while children of appropriate age gave verbal
assent. Confidentiality was maintained by anonymizing sensitive information and employ-
ing secure storage with limited access, known as need to know basis. Each participant
received unique alphanumeric codes, and identifying details were placed in a separate
document secured by dual encryption.

All participants received summary reports after multiple waves of testing, which included
developmental feedback and clinical referrals when applicable. Partners offered support
to families with children exhibiting high-risk profiles. Although no direct payments were
available that would affect decision making for participation, reimbursements for travel
costs were provided, and child-friendly incentives were implemented to foster retention.

Independent ethics advisory panel conducted studies into operational review, participant
welfare, data management, and ethical safety annually. Within the three years study dura-
tion, no significant protocol breaches or adverse events were reported. Additionally, the
research was assessed against the UN Convention on the Rights of the Child focusing on
provisions of non-discrimination and the child’s best interest as well as the child’s right to
participation.

Neurocognitive Deficit Trajectories

Executive Function Decline in Early Childhood

The longitudinal supervision of executive functioning in the study population indicated
that there was a severe decline in fundamental core regulation skills for high-risk children

during the early to middle childhood period. Executive function as an ability to plan, inhibit,
sustain attention and regulate cognitive resources showed a steady decline from Wave 1
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to Wave 4. These outcomes are in line with other studies documented in the literature
which have proposed that executive functioning seems to be particularly sensitive to envi-
ronmental instability as well as cumulative duress during the critical period of development
of the brain.

At the initial assessment (Wave 1), executive function scores were approximately in the
normative mean range for the moderately at risk group. However, the high-risk subgroup
performed significantly worse across all inhibition, working memory span and set-shifting
task benchmarks. Figure 4 illustrates longitudinal scoring trends and shows average exec-
utive function scores declined from 90 in Wave 1 to 81 in Wave 4. This strongly suggests
that not only did these executive deficits sustain over time, but deepened, especially
among participants living in chronic stress, low stimulation, or institutional care settings.

Caregiver reports along with classroom observations noted increased impulsivity, reduced
frustration tolerance, and greater disengagement as patterns of concern as children
advanced through the school years. These behavioral patterns often formed the basis for
intervention referrals. Most of these interventions focused on treating the symptoms rather
than understanding the cognitive problem that was driving the behavior. Consequently,
many children entered a cycle of remediation aimed at behavioral constructs while execu-
tive dysfunction was largely ignored.

This decline has been attributed to neurodevelopmental factors that highlight the slow-
er-than-normal development of the prefrontal cortex and its vulnerability to adverse con-
ditions. Factors such as living in poverty, neglect, or having an inconsistent caregiver
can disrupt neuroplasticity during critical developmental windows, which in turn restrict
the growth of self-regulation. In addition, inconsistent scaffolding for problem-solving and
emotion regulation due to caregiver burnout or institutional overload can accelerate the
functional decline.

Figure 4 Mean Cognitive Domain Scores Over 4 Years
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Most critical is the fact that the described pattern does not suggest a plateau or stabiliza-
tion but, rather, hypothesizes an accumulative pattern of previously executive weaknesses
advancing without remediating developmental mechanisms. This finding emphasizes
the importance of proactively identifying executive risk well before the layering effects of
school disengagement or peer rejection set in.

Working Memory and Processing Speed Gaps

Contemporaneous with the decline in executive function, marked lag clusters in working
memory and processing speed developed. Working memory scores, which averaged
92 at Wave 1, declined to 82 by Wave 4. Processing speed, while initially more resilient,
also showed a decline from 95 to 87 over the same period. This decrease is illustrated in
Graph 4, where both domains show steady divergence from the verbal and visual-spatial
domains over time.

Working memory is needed to maintain and manage information in real-time during
problem-solving, academic it instruction, and socially communicative activities. In the
current research, children with low working memory scores tended to display low task
persistence, confusion during several-step instructions, and overall disengagement in
academically structured settings. These outcomes were exacerbated in settings where
cognitive scaffolding was low and expectations for self-sufficiency were inappropriately
heightened.

Though processing gaps relate to risk factors, these displayed less through behavioral
problems and more through prolonged task completion and disengagement in the class-
room. Even when a child is cognitively able to perform a task, one with low processing
speed would take longer than average to start and finish tasks. This gap often resulted in
too many caregivers and educators under appreciating cognitive abilities, some partic-
ipants being misdiagnosed as having global developmental delays or attention deficits
when they were simply facing challenges with slow output speed.

In many children, the combination of slow processing speed and weak working memory
created a cognitive bottleneck. During acute demands and rapid shifts in tasks, these chil-
dren seemed to be cognitively frozen. Teachers reported and observers noted that these
children were more likely to shut down, demonstrate a frustration, or show oppositional
behavior, not because they were rebellious, but because they were overloaded with infor-
mation in a fast-paced environment that required too much cognitive energy.

There was a clear difference in these two areas, suggesting they worked together pos-
itively for executive functioning. Children in the study who concurrently showed decline
in executive control, working memory, and processing speed formed the most critical
neurocognitive cluster the study analyzed. In the Wave 4 analysis, these children’s dis-
proportionate representation in behaviorally dysregulated and legally referred subgroups
alarmingly emerged.

From a clinical perspective, these findings suggest that intelligence is best assessed with
subcomponents differentiated in the early stages of cognitive evaluation. Many of the mod-
erate-risk children in the study, who, by the account of other caregivers, did not have a
global developmental delay, did have working memory or processing speed deficits that
were not captured by more comprehensive testing and were therefore masked by delay.
Without this level of diagnostic detail, a large number of children who are at-risk remain
ineducable without structured exposure within robust functional educational and paediat-
ric systems.
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Visual-Spatial vs Verbal Domain Divergence

Perhaps the most surprising aspect of the study was the discrepancy between visual-
spatial reasoning and verbal reasoning skills, more so during the interval between Waves
2 and 4. The data presented in Graph 4 describes how mid-way through the study, the
verbal reasoning scores started diverging more sharply from the visual-spatial scores. In
this period, the verbal reasoning scores fell from 97 to 92 and the visual-spatial scores fell
from 93 to 90.

Some cognitive systems might remain confronted with risks that are developmentally buff-
ered, while others might have a more rapid decline in function due to under-stimulation
or an environmental mismatch. This discrepancy exists. Reasoning skills are especially
vulnerable to underexposure; thus, caregivers and educators in this study often reported
verbal reasoning deficits exposed by monotonous conversations with caregivers. Many
high-risk participants were observed receiving minimal direct communication, irregular
narrative engagement, and constrained corrective language input during chaotic routines
or psychological stress in the caregivers.

Children with severe cognitive deficits, however, retained nonverbal problem solving and
motor planning skills, suggesting these visual-spatial skills were relatively preserved. The
caregivers’ lack of stimulation through language did not hinder the use of manipulatives,
nonverbal games, and environmental navigation, strengthening the notion that this preser-
vation definitely reflects skill utilization.

However, qualitative interviews suggested that this apparent preservation may also be
deceptive. Some caregivers reported that children who scored well on the visual-spatial
tests had significant difficulty applying those skills in academic or real-world contexts. For
example, a child who was adept at problem-solving puzzles might find map reading, draw-
ing from memory, and following visual step sequences under time constraints very difficult.
This gap suggests that while some cognitive functions may appear intact, the integra-
tion problem translates to worsened action as a result of executive deficits or contextual
blockage.

The effects of this domain divergence are severe regarding assessment and intervention.
A number of standardized cognitive batteries give equal emphasis to verbal and visual
reasoning for composite intelligence scoring. In children with asymmetric developmen-
tal profiles, this approach has the potential to mask functional deficits and overestimate
adaptive capability. The findings of this study emphasize the need for domain-specific
intervention strategy formulation and question the validity of composite score evaluation
for longitudinal developmental surveillance in high-risk groups.

Intra-Individual Stability of Cognitive Scores

One of the main features of the longitudinal approach was the tracking of cognitive stabil-
ity at the individual level over time. While inter-group patterns provide information about
the movements of populations, it is the within-child constancy—or variability—that drives
personalized intervention the most. In this study, intra-individual variability was measured
through changes in z-scores from Wave 1 to Wave 4 across cognitive domains for each
participant.

The summary of these shifts is illustrated in Figure 5, which is a heatmap depicting stan-
dardized scores for five primary domains out of a five for a subset of participants. Each
row captures a single domain, and each column represents a wave. Warmer shades mark



Figure 5 Intra-Individual Cognitive Score Shifts Across Time
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higher performance while z-scores which depict lower performance are signified by cooler
tones. Neutral shades represent mean performance.

The heatmap indicates that some children had remarkable stability across domains, while
others exhibited sharp domain-specific volatility. For instance, some participants seemed
to sharply decline in working memory or executive function as of Wave 2, often align-
ing with significant life events such as transitioning to a new school, family changes, or
restructuring of caregiving arrangements. On the other hand, a small subgroup of chil-
dren demonstrated some domain-specific improvement over time, typically following more
guided cognitive intervention, language therapy, or after transitioning to enriched educa-
tional settings.

One of the most telling observations focused around variability seeming to predict later behav-
ioral outcomes. More specifically, children with greater than 1.5 standard deviations of fluctu-
ation across waves in at least one domain emerged as more likely to fall into the behaviorally
dysregulated cluster by Wave 4. This finding further elaborates the idea that instability—not
simply low performance—poses a significant marker of neurodevelopmental risk.

From a neurodevelopmental perspective, score variability may indicate an underlying lack
of stability associated with infrastructure chaos, inconsistent stimulation, or even environ-
mental fragmentation—conditions typically observable in high-risk populations. Children
without stable caregivers, routines, or a supportive academic framework undergo episodic
cycles of surges and declines in performance due to the heightened sensitivity of their
developmental trajectory to changing environments.

Statistically, the findings underscore the inadequacy of single-time point assessments.
Children considered borderline in one wave may show considerable impairment or
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resilience in another, depending on their ecological stage of development. This under-
scores the importance of repeated assessment in high-risk cohorts for clinical decision-
making and for evaluation of program outcomes.

Qualitatively, caregivers most often described witnessing cognitive “good days” and “bad
days” without any understanding of the reasons behind those fluctuations. These “good”
and “bad” days were often misattributed to effort, motivation, or mood rather than a more
accurate understanding of neurocognitive variability. Interventionists who adjusted expec-
tations based on these reports found that children were more engaged and successful
when strengths were highlighted and cognitive fatigue or confusion was anticipated and
managed.

Behavioral Dysregulation Profiles
Externalizing vs Internalizing Patterns

The development of behavioral dysregulation within the study group showed distinctive
patterns of progression for externalizing and internalizing behaviors with regard to timing,
emergence, and associated neurocognitive deficits. Externalizing behaviors, which con-
sist of aggression, defiance, hyperactivity, and impulsivity, were found to be more com-
mon and significantly more severe during early childhood and appeared to increase very
rapidly between the ages of four and eight. While emotionally withdrawn more anxious
children were observed over time, they were also relatively less pronounced in early years
and quiet in nature, which is likely to contribute to not invoking formal means of intervention
over time.

The opposing patterns are vividly portrayed in Figure 6, which depicts the mean sever-
ity scores concerning externalizing and internalizing behaviors from age four to eight.
Externalizing symptoms show the steepest trajectory of increase, from a mean score of 12
at age four to 22 by age eight. This increase coincides with greater academic demands,
increasing social complexity, and a lower tolerance for disruptive behavior in institutional
settings. This decline in disruptive behavior also means that the institutional setting is more
tolerant for non-disruptive behavior which is socially expected. On the other hand, internal-
izing symptoms showed slower yet consistent improvement with a baseline of 10 and reach-
ing 15 by age 8 which suggests underreporting or a delayed response during the initial
phases when the ability to express distress in socially normative ways was severely limited.

The differences in these patterns of development highlight differences, particularly in rein-
forcing environment and ecology. Externalizing behavior is bound to elicit rapid organiza-
tional action in the form of behavioral referrals, discipline, or medicalization that enhance
their visibility while simultaneously negatively reinforcing the behaviors through attention.
This is often referred to as the “attention feedback loop”. Internalizing behaviors, con-
versely, tend to go overlooked or are incorrectly attributed to shyness or a reserved nature
and, thus, can remain unchecked or absent targeted support.

Nevertheless, both categories of dysregulation were strongly predicted by early neuro-
cognitive delays. Children who scored below the first quartile in executive function and
working memory assessments at Wave 1 were more likely to show increasing dysregula-
tion by Wave 3 and Wave 4, irrespective of their initial profile. Notably, most participants in
the study who started with relatively low internalizing scores progressively transitioned to
blended types of dysregulations, marking an increase in anxiety and aggressive behaviors
in a pattern that, qualitatively, was most strongly associated with academic failure and
caregiver distress.



Figure 6 Behavioral Dysregulation Severity Scores by Age
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Children with dual profiles of dysregulation were more likely to experience exclusion from
school, referral for psychiatric evaluation, and prescription of behavioral medication as
recorded in institutional files. These outcomes tended to be more off-target, indicating that
reactionary, as opposed to proactive, strategies were employed, addressing behavioral
escalation only after it reached crisis levels without monitoring underlying risk factors such
as neurocognitive scores and environmental stressors.

Neurocognitive Predictors of Aggressive Behavior

Among the myriad manifestations of dysregulation, aggressive behavior appeared to be
the one most closely linked to specific neurocognitive deficits, in particular, executive
functioning and working memory. Children in Wave 1 possessing features of poor impulse
control, frustration intolerance and task-switching difficulties were markedly more likely to
engage in some form of physical aggression, verbal aggression, or destruction of property
by Wave 3.

The statistical strength of these relationships is represented in Table 2, which displays
the correlational analysis of executive functions, working memory, processing speed, and
externalizing, internalizing, as well as overall dysregulation composite scores. Most robust
negative correlation was noted between the absence of executive functioning skills and
externalizing behaviors (r = 0.61), and some stride was recorded within the domain of
working memory (r = 0.54). Although statistically significant, processing speed demon-
strated weaker and more indirect influence on behavior through task engagement along-
side frustration tolerance (r = 0.49).

Reinforcing the belief that aggressive behavior during early childhood is rooted in the neu-
rocognitive deficits a child possesses which hampers response control during the child’s
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Table 2 Correlation Matrix — Cognitive Deficits vs Behavioral Scores

Behavioral Score Executive Function Working Memory Processing Speed
Externalizing 0.61 0.54 0.49
Internalizing 0.43 0.41 0.33
Total Dysregulation 0.35 0.31 0.27

stressors as opposed to emotional outbursts or mimicking behavioral patterns of those
around them. This interpretation was corroborated by educator and caregiver testimony.
Numerous participants described children who appeared overwhelmed, difficulty moving
from one task to another, or often implementing aggression when shifting focus towards
response inhibition. These actions were routinely understood as defiance which led to
punitive strategies rather than cognitive remediation.

In-depth investigation discovered that aggression was more frequent among individu-
als with a considerable gap between verbal reasoning and executive control. Children
possessing adequate verbal skills to express frustration but lacking the regulatory infra-
structure to manage it were more likely to escalate into confrontational behavior. This dis-
crepancy resulted into to a behavioral paradox where these children appeared cognitively
competent yet behaviorally volatile. This is the type of profile that often led to heightened
institutional expectation and lower tolerance for behavioral lapses.

This subgroup did not respond well to standard behavioral treatments, especially those
based on reward and punishment systems. Because the problem was cognitive rather
than motivational, these systems stultified many improvements. In some instances, these
systems stultified improvements and worsened aggression due to perceptions of inher-
ent unpredictability that was administered unjustly. These findings support a shift toward
incorporating more cognitive-behavioral approaches focused on scaffolding cognition,
labelling emotions, and supporting self-regulation schemes based on routines in assaulted
children.

The longitudinal modeling also provided evidence for the aggressive behavioral frontal
cognitive score correlation. Growth curve analysis revealed that executive function mea-
sured at Wave 1 explained more than 30 percent of the aggression scores’ variance by
Wave 4, despite controlling for demographic factors and environmental stability. This pre-
dictive strength reinforces the concern of not including cognitive screening as part of pre-
liminary behavioral evaluations, especially for children diagnosed with active risk factors
before entering school.

Gender-Specific Dysregulation Patterns

Throughout the study, gender differences in dysregulation were marked both in symp-
tom profile and developmental timing. Boys demonstrated externally-directed symp-
toms, including aggression and hyperactivity, to a significantly greater degree than girls.
Conversely, girls demonstrated higher rates of emotional withdrawal and anxiety. These
differences are visually summarized in Figure 7 that shows the means of scores for both
genders in relation to four primary behavior domains.

In the domains of aggression and hyperactivity, boys outperformed girls with average
scores of 17 and 20, respectively while females averaged 12 and 14. These findings were



Figure 7 Gender Differences in Dysregulation Markers
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consistent cross-divisionally and aligned with extensive evidence of mid-range childhood
phenomenon described in the developmental literature. On the other hand, emotional with-
drawal and anxiety were more prevalent in girls who averaged 11 and 13 as compared
to boys who averaged 8 and 10. Additionally, the most notable change was that the gap
in internalizing symptoms broadened with age, becoming most pronounced by Wave 4
which was characterized by increasing sociocultural expectations.

Patterns of gender differences were detected along the correlates and consequences of
dysregulation. Boys with externalizing behavior received school-based referrals for disci-
plinary intervention more frequently, while girls with internalizing symptoms tended to get
missed entirely, or worse, misdiagnosed with attention-related issues. Narratives from care-
givers illustrated that numerous girls went undiagnosed until they reached middle child-
hood, at which point, internalizing symptoms had transformed into somatic complaints or
social withdrawal that interfered with active participation in the classroom.

An equally notable gender-specific pattern was seen in the association between cog-
nitive deficits and type of dysregulation. A higher proportion of boys with low executive
scores demonstrated aggressive behaviors when compared to girls with the same cogni-
tive profile—who displayed heightened anxiety and rumination instead. This divergence
may represent gendered coping strategies, social norms, or the influence of caregivers.
For example, caregivers tended to view dysregulated behavior in boys as “acting out,”
which automatically elicited efforts to impose structure, control, or limit-setting. But for girls
displaying similar behaviors—particularly emotional outbursts—the explanatory framework
leaned towards mood lability or stress, resulting in attempts at emotional soothing that
bypassed the cognitive bottleneck.

Regardless of these discrepancies, both males and females showed roughly equal overall
amounts of total dysregulation by Wave 4, indicating that the symptoms differ in expression
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but the functional impact is the same. Because externalizing behaviors are more likely to
disrupt institutional settings, boys tended to be formally intervened with, while girls were
more often left unsupported. This gap is concerning, especially considering that untreated
internalizing symptoms are known to exacerbate long-term mental health issues like
depression, self-harm, and chronic anxiety disorders.

The focus on gender in this study highlights the importance of multifaceted consideration
for screening approaches that go beyond visible behavior and account for the role of gen-
der in the expression, interpretation, and response to dysregulation. There is an equally
urgent need to educate educators and paediatric interventionist’s on the internalizing form
of distress and its expressive need for proactive early intervention.

Persistence of Behavioral Risk Factors

A major objective of this study was to assess the stability and persistence of some of the
behavioral risk factors over time. In contrast to the assumption that early environmental
action concerns would resolve due to aging or change in setting, the analysis showed
that high-risk children’s dysregulation patterns were not only stable but often progressive.
Children who had Wave 1 behavioral problem score that was above the clinical threshold
was three times more likely to remain above threshold at wave 4 compared to those who
were within normative range at wave 1.

In addition, persistence was particularly acute for those with compounding risk factors:
household dysfunction, high neurocognitive deficit burden and limited access to support-
ive behavioral services. These children exhibited behavioral inflexibility characterized by
volitional rule bound anger and social inadaptation. Teachers and caregivers routinely
reported these children as being “locked in a pattern,” or “stuck,” which only deepens the
percept of developmental inertia.

Repeated-measures analysis indicated that externalizing behaviors tended to stabilize at high
levels, or escalate over time, while internalizing behaviors followed a more variable trajectory
based on school engagement and peer interactions. Yet, after children crossed a clinically
defined threshold for internalizing symptoms, they tended to remain above it, indicating the
internalizing distress, once developed, is as enduring as its externalizing counterpart.

The stability of behaviors documented within this cohort is indicative of the developmental
cascade theory, which asserts that premature self-regulation failures give rise to self-per-
petuating maladaptive pathways. To illustrate, consider a student with weak self-regulation
skills. Such a child could elicit negative classroom management reactions from their
teacher. This might set off a sequence of escalating academic disengagement that exac-
erbates their frustration and diminishes further instructional support. These cycles become
difficult to interrupt without systemic intervention at multiple levels.

This study also found that attempts to modify overt behaviors, such as through token
economies or disciplinary strategies, produced minimal lasting results without cog-
nitive intervention and training of the primary caregivers. Significantly better outcomes
regarding both behavioral and adaptive functioning, in excel-diagnosed profiles, were
observed among those receiving cognitive and emotional scaffolding along with consis-
tent caregiving.

Persistence was not universal, however. There was, however, a small but marked subset
of children who showed spontaneous recovery. This was often associated with positive
life events such as stable housing, improved caregiving, or supportive school transitions.



This brings a note of cautious optimism and reaffirms the possibility of recovery when
structural and relational changes improve.

Results
Regression Analysis: Predictors of Persistent Dysregulation

This section presents the results obtained from the multivariate regression models
designed to investigate the behavioral dysregulation persistence over the four-wave study
period. Persistent dysregulation was defined as a composite behavioral severity score that
remained above clinical levels for at least three consecutive waves. The regression analy-
sis was framed by the baseline neurocognitive measures, environmental indices and psy-
chosocial variables aiming to uncover predictive patterns.

Findings showed that executive function was the strongest negative predictor of persistent
dysregulation. More accurately, children who had lower executive functioning at the base-
line were at a significantly higher risk of maintaining elevated behavioral risk scores across
subsequent assessment waves. The standardized beta coefficient for executive function
was —0.41 (p < 0.001) indicating that each standard deviation reduction in executive score
substantially increased the likelihood of persistent dysregulation. Working memory was
slightly better than this with a beta of —0.32 (p = 0.001), strengthening the argument for the
importance of dynamic cognitive control regarding emotions and behaviors.

On the other hand, emotional regulation as measured by T-scores derived from BRIEF-2
Emotional Control subscale, was a positive predictor of severity of behavioral concern over
time. Higher scores on emotional dysregulation were associated with higher behavioral
risk (p = 0.38, p < 0.001), indicating that the interaction between emotions and executive
functions is critical in persistent dysregulation.

The environmental influences were equally important. Parental home stability, defined as
bearing a consistent caregiver and an acute absence of crises, was found to significantly
inversely correlate with persistent dysregulation (p = —=0.29, p = 0.004), reinforcing endur-
ing moderating influences of the home. Children within this context experienced fewer
caregiving and household transitions, lessening the likelihood of remaining entrenched
within the high-risk behavioral trajectory. On the other hand, institutional exposure emerged
as a positive correlate (f = 0.35, p < 0.001), indicating children born and raised in residen-
tial or institutional settings to be at an alarming predisposition to enduring dysregulation.

Overall risk group classification, however, emerged as the strongest predictor. Children
labelled high-risk at baseline exhibited a staggering increased odds ratio of 4.64 (p <
0.001), the highest coefficient among all predictors, suggesting that exacerbated disad-
vantage across critical developmental milestones remains the primary anchor of enduring
behavioral difficulties. These findings were summarized in Table 3.

Cluster Identification of High-Risk Behavioral Phenotypes

In order to discern stratification within the sample, unsupervised machine learning
algorithms were implemented to derive clusters of the sample’s behavioral phenotypes
based on longitudinal data. Participants were classified and assigned into groups using
a k-means clustering algorithm based on values of severity or the contemporaneous
emotional dysregulation, executive function or institutional engagement across all four
waves.
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Table 3 Multivariate Predictors of Dysregulation Trajectories

Predictor Beta Coefficient Standard Error p-value
Executive Function (z) -0.41 0.06 <0.001
Working Memory (z) -0.32 0.07 0.001
Emotion Regulation (T-score) 0.38 0.05 <0.001
Parental Stability Index -0.29 0.08 0.004
Institutional Exposure 0.35 0.06 <0.001
Risk Group (High vs Low) 0.46 0.09 <0.001

The model's adjusted R-squared value of 0.52 suggests over half of the variance attribute to the factors included in
the model result from persistent dysregulation. This implies that the enduring behavioral dysregulation exhibited by
the high-risk group children can best be explained by the interplay of cognitive deficits, emotional constraints, and
caregiving context posed by responsive adult caregivers.

From the analysis three stable clusters were found. Cluster 1 included children with mild
behavioral issues, moderate cognitive skills, and a stable environment. Cluster 2 described
children with moderate behavioral issues, significant emotional heterogeneity, and unsta-
ble home environments. Cluster 3 included the most severely dysregulated children char-
acterizing high aggression, co-occurring internalizing problems, low executive function
scores and high institutional exposure.

The neurocognitive profiles of these clusters is shown in Figure 8. Cluster 1, which exhib-
ited relatively more favorable behavioral outcomes, was primarily composed of low-risk
children, 60% of which were classified as low risk, and moderate-risk individuals 30%.
Only 10% were high-risk. For Cluster 2, composed of 50% moderate-risk and 30% high-
risk participants, there was more even distribution for the remaining participants. In Cluster
3, who exhibited the most severe behavioral profiles, 70% of children were from the high-
risk group. This suggests a strong relationship between cognitive vulnerability and behav-
ioral dysregulation phenotype.

Figure 8 Cluster Composition by Neurocognitive Risk Group
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This cluster composition reinforces prior regression analysis and illustrates the older
behavioral sub-group’s concentration of developmental adversity. The significant propor-
tion of children within moderate risk in Cluster 2 reinforces the notion that dysregulation
is not limited to the severely impaired but results from blending moderate neurocognitive
impairments and inconsistent chronic caregiving frameworks.

Qualitative analysis supported these cluster profiles. In Elowen’s context, caregivers fre-
quently reported children using descriptors such as “unpredictable,” “explosive,” or
“chronically frustrated” during the sessions. Staff from the institution highlighted that these
children became increasingly escalatory beyond the scope of standard behavior plans.
Children from Cluster 2 were described as “sensitive,” “emotionally variable,” or ‘inse-
cure,” with dysregulation being most prevalent in response to intense interdependence
or dynamic environmental shifts. In contrast, Cluster 1 children were more responsive to
standard supportive systems and lesser demand individualized interventions.

These clusters highlight the need to personalize interventions based on specific develop-
mental profiles. While universal behavior systems might suffice for Cluster 1, they are not
likely to address the issues present within Clusters 2 and 3. For the latter clusters, which
are characterized by behavioral symptoms stemming from neurocognitive and affective
instability rather than sheer defiance or conduct problems, cognitive training, trauma-in-
formed care, and emotion coaching are more fitting.

Path Models of Cognitive Delay Leading to Externalizing Outcomes

Following the regression and clustering analyses, path analysis was conducted in order
to examine the relationship between early neurocognitive delay and later externalizing
behavior, focusing on how the mediation or moderation provided by emotion control, con-
textual factors, and consistency in caregiving might shape this progression.

Executive functioning, working memory, and externalizing outcomes were assessed
in Wave 1, and emotion regulation was assessed in Wave 2, with externalizing severity
assessed at Wave 4. The model posited that both executive function and working memory
would predict externalizing severity, directly before externalizing behaviour.

Fit indices indicated strong model adequacy, with RMSEA = 0.043, CFl = 0.94, and
SRMR = 0.041. The total effect on externalizing behavior concerning the executive func-
tion was considerable (f = —0.47) with indirect effects mediated by emotional control con-
tributing 38% of the total effect. Working memory demonstrated a similar, albeit slightly
weaker pattern, achieving a total of —0.39 with 30% indirect effect mediated by emotional
regulation.

Importantly, parental stability showed a moderating effect that softened the impact exec-
utive dysfunction had on externalizing behavior. Poor executive functioning in children
with high caregiver stability dampened the likelihood of escalation into aggressive or defi-
ant patterns, indicating that environments characterized by stable attachment can serve
as buffers against neurocognitive vulnerabilities. Institutional exposure had the opposite
effect, exacerbating the relationship between cognitive impairment and behavioral disrup-
tion as a consequence of inconsistent, overstimulating caregiving and low staff-to-child
ratios.

To further illustrate these relationships, cross-domain executive, cognitive, emotion, and

behavior data across waves were compiled into a correlation matrix. These findings are
presented in Figure 9.
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Figure 9 Cross-Domain Correlations (Executive Function, Emotion, Behavior)
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The figure shows high correlations between executive functioning and emotional regulation
with behavior (r = 0.65) and (r = 0.61), respectively, as well as with emotional regulation
and behavior (r = 0.68). These high inter-domain associations bolster the hypothesis that
behavioral outcomes are not endpoints, but rather outcomes resulting from neurocognitive
and contextual emotional processes intertwining within context.

In the framework of developmental psychopathology, these path models illustrate external-
izing behavior as neither an inevitability nor a simplistic byproduct of a reasoning process;
rather, it constitutes an emergent property of a developmentally adaptive system that is
precociously constrained by cognitive factors, shaped in relation to a person’s emotion
capacity, and a structured caregiving environment. Such models highlight the importance
of comprehensive, developmentally sequenced, and clinically informed approaches that
start from cognitive evaluation to emotionally skill-based rehabilitation and contextual
remediation.

Discussion

The chronic data provided in this study illustrates a clear story about how early neurocog-
nitive impairments, mostly pertaining to executive function and working memory, forecast
the high-risk paediatric population’s behavioral dysregulation. Throughout the collection
spans, cognitive trajectories demonstrated not just static impairments, but progressive
deterioration in children suffering from chronic adversities or institutionalized care settings.
Active symptoms showed a distinct yet interconnected progression: Externally directed
behaviors escalated first, often beginning as aggressive and impulsive behaviors, fol-
lowed by increasingly sophisticated mixed profiles, including emotional withdrawal and
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anxious behaviors. These findings align with the proposed model of a developmental cas-
cade wherein early cognitive delays constitute the initiating vulnerability that is worsened
by emotional dysregulation and unstable surrounding environments, leading to intensified
behavioral problems.

One of the most important things from the data is understanding the age when these over-
laps of risk factors develop and are most pronounced. Executive function decline was
already measurable at the age of 4 and continued to age 8 and beyond in a steady manner.
Processing speed and working memory also showed consistent yearly decline. Emotional
dysregulation, on the other hand, tended to peak later suggesting that neurocognitive
restraints set the stage for emotional volatility and escalation of behavior subsequently.
Cluster analysis found that children with both cognitive and emotional deficits created the
highest risk groups with severe dysregulation that was also highly intervention resistant.
These observations highlight the importance of early cognitive assessment screening—not
solely for identifying a learning concern, but to predict behavioral and emotional concerns
that risk developing in a socially disruptive manner.

The importance of timely identification is reinforced by Figure 10, which shows the age-re-
lated decline of cognitive scores with the increase of behavioral risk scores. Between ages
three and six, the disparity between neurocognitive functioning and the severity of behav-
ioral issues sharply increases. Cognitive scores drop from 98 to 87 while behavioral risk
scores increase from 5 to 15. This crossover phase indicates an inflection point where a
lack of intervention for cognitive delays starts to result in dysregulated behavior. By age
eight, the gap stabilizes but is still large, indicating that unless there is precise intervention
in this crucial period, they would become increasingly difficult to reverse. This illustrates
how the early school years are optimally positioned for intervention before chronic patterns
setin.

Figure 10 Timing of Cognitive Decline vs Onset of Behavioral Risk
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These described longitudinal trends bear directly on children’s health and educational sys-
tems. Behavioral referral systems in use today typically wait for some behavioral disruption
to assess the child, which means identification is often too late. This model risks miss-
ing children inflicted with ‘quiet’ executive dysfunction, emotional dysregulation that pres-
ents as shyness, or slow processing speed misdiagnosed as inattention. Domain-specific
screening for executive functioning, emotional regulation, and environmental risks should
be incorporated into social work and paediatric practice. Behavioral checklists should be
expanded to include brief neurocognitive screens and caregiver reported stability mea-
sures to enhance the portrait of child’s development. Also, intervention strategies have to
be broadened to include cognitive retraining and caregiver scaffolding in order to enhance
the behavioral management strategies employed.

Conclusion

This study illustrates a persistent longitudinal analysis showing that long-lasting behavioral
problems in high-risk paediatric populations stem from significantly earlier neurocognitive
deficits, particularly where there is executive dysfunction and working memory delays in
addition to emotional regulation difficulties and unstable caregiving contexts. Across four
developmental waves, the children with lower cognitive performance tended to show more
severe and enduring behavioral symptoms which confirmed that cognitive delays often
preceded and predicted behavioral deterioration. Different neurocognitive and emotional
profiles emerged from the distinct clusters of behavioral phenotypes which confirmed the
intra-connected nature of cognition and behavior. Of great importance is the evidence that
these patterns of development are shown to grow even more pronounced during the early
childhood years which highlights the importance of ages four to seven as a critical inter-
vention period to reduce developmental risk.

These findings are important for policy and practice. Positively, the cognitive screening
needs to become a standard part of paediatric and educational evaluations, particularly
for children who have experienced adversities. Policies need to be updated such that neu-
rocognitive and emotional as well as environmental factors are integrated into the frame-
works for risk ascertainment while providing monitoring and caregiving stabilization. In
practice, ongoing collaboration among paediatrics, education, mental health, and child
protection is needed to deliver comprehensive and context-informed care. Follow-up
research is needed in these frameworks on developing scalable models for longitudinal
monitoring, testing the efficacy of preventive neurocognitive training, and identifying pro-
tective factors such as resilience, consistent caregiving, and culturally attuned prevention
strategies that could mitigate the impact of early deficits on dysregulation. Such strategies
are critical if we are to change developmental pathways and achieve equitable opportuni-
ties for vulnerable children.
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