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Abstract

This study examines the impact of childhood mal- treatment on the development of executive functions during ado- lescence. The research
investigates the specific effects of adverse childhood experiences on key cognitive processes in teenagers. Findings highlight the
neurodevelopmental consequences of mal- treatment on executive abilities.

L. INTRODUCTION

A growing body of empirical research underscores the profound and enduring influence of adverse experiences
dur- ing childhood on cognitive development across the lifes- pan [1], [2]. Exposure to maltreatment—including
abuse and neglect—during formative years has been associated with structural and functional disruptions in
critical brain regions such as the corpus callosum, left neocortex, hippocampus, and amygdala [3], [4]. These
neuroanatomical alterations often coincide with dysregulation in stress-response mechanisms, particularly within
the hypothalamic-pituitary-adrenal (HPA) axis, which governs physiological adaptation to environmental stressors

(5].

The maturation of executive function—a higher-order set of cognitive processes responsible for goal-directed
behavior, impulse control, working memory, and cognitive flexibil- ity—follows a protracted, nonlinear
developmental trajectory [6). Foundational executive abilities such as visual scanning, attentional allocation, and
basic planning typically emerge around six years of age, with more complex functions like inhibitory control,
contextual memory maintenance, verbal processing, and sophisticated problem-solving gradually con-solidating
during adolescence [?]. Consequently, adolescence represents a pivotal period for evaluating the cognitive seque-
lae of earlylife adversity, given that neurodevelopmental plas- ticity remains heightened, yet vulnerable, during
this phase.

Substantial evidence indicates that even when exposure to maltreatment is confined to childhood, lasting
impairments in attention regulation, memory encoding, linguistic proficiency, and executive control can persist
into adolescence and adulthood [7], [8]. Cognitive domains such as inhibitory control, working memory,
planning skills, and cognitive flexibility appear especially susceptible to disruption following early trauma [6], [9].
Importantly, individuals exposed to multi- ple forms of maltreatment often exhibit more pronounced cognitive
deficits compared to those subjected to a single form of abuse [10], [11]. Nevertheless, this association is not
universally supported, with some studies suggesting that trauma severity, chronicity, and individual resilience
factors may modulate cognitive outcomes [12], [13].

Despite extensive investigations into the neurocognitive ramifications of childhood maltreatment, notable gaps
persist. Specifically, few studies have systematically examined how the cumulative burden of multiple
maltreatment types influences adolescent executive function performance. Existing research has predominantly
emphasized binary comparisons between maltreated and non-maltreated groups, often overlooking the additive
or interactive effects of experiencing diverse forms of trauma [10], [11]. Furthermore, much of the literature
focuses on early or mid-childhood outcomes, with comparatively limited attention directed toward adolescent
cognitive profiles, despite the critical neurodevelopmental transitions characteristic of this period [14].

Addressing these limitations, the present study investigates the relationship between the number of maltreatment
types ex- perienced during childhood and subsequent executive function outcomes in adolescence. By stratifying
participants into three cohorts—adolescents with no history of maltreatment, those exposed to a single
maltreatment category, and those exposed to multiple categories of earlylife trauma—this research seeks to
elucidate potential doseresponse patterns in neurocognitive functioning. Clarifying these associations may
inform the development of targeted interventions aimed at mitigating cognitive deficits in vulnerable youth
populations.
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IL. METHODOLOGY

A. Study Design and Participants

This investigation employed a cross-sectional research de- sign to examine the association between childhood
maltreat- ment and adolescent executive functioning. A total of 83 ado- lescents (mean age = 14.03 years, SD =
1.48) were recruited from multiple public educational institutions, ensuring diverse representation across middle
and high school levels. The study adhered to ethical guidelines, with written informed consent obtained from
legal guardians and verbal assent secured from all participating adolescents.

Eligibility criteria required participants to be enrolled in mainstream schooling and free from diagnosed
neurological disorders, intellectual disabilities, or severe psychiatric condi- tions, to mitigate potential
confounding effects. Demographic data, including age, grade level, and estimated intellectual quotient (IQQ), were
recorded to assess group equivalence.

Following initial screening via the Childhood Trauma Ques- tionnaire (CT(Q), participants were classified into
one of two primary groups based on standardized cutoff criteria: a maltreatment-exposed group and a non-
exposed control group. The maltreatment group (n = 43) was further subdivided to distinguish individuals
exposed to a single category of abuse or neglect (n = 24) from those subjected to multiple categories (n = 19),
facilitating comparative analysis of dose-response effects.

B. Assessment Instruments

To ensure comprehensive evaluation of cognitive function- ing, the following validated instruments were
administered:

¢ Childhood Trauma Questionnaire (CTQ): A retrospec- tive, selfreport instrument quantifying exposure to
five distinct maltreatment subtypes: physical abuse, sexual abuse, emotional abuse, physical neglect, and
emotional neglect. The CTQ has demonstrated robust psychometric properties in adolescent populations [10].
* Wechsler Intelligence Scales (WISCIII/WAISIII): Standardized measures of intellectual functioning, with
emphasis on the Arithmetic subtest (assessing working memory and reasoning) and the Digit Span subtest (evalu-
ating auditory attention and short-term memory capacity).

* FAS Verbal Fluency Test: A neuropsychological assess- ment of executive control and linguistic processing
speed, wherein participants generate as many words as possible beginning with specific letters (F, A, S) within a
time constraint.

¢ Trail Making Test (TMT): A two-part assessment measuring visual-motor coordination, processing speed,
cognitive flexibility, and attention-switching ability. Part B (TMT-B) is particularly sensitive to executive dysfunc-
tion.

* Hayling Sentence Completion Test: Evaluates initiation speed, inhibitory control, and cognitive agility by
requir- ing participants to complete sentences in both automatic and inhibitory conditions.

* Vocabulary and Block Design Subtests: Extracted from standardized intelligence batteries to estimate verbal
and nonwverbal intellectual baseline, thereby controlling for global cognitive ability.

All instruments selected are widely recognized for their sensitivity to executive function impairments, particularly
in clinical and trauma-exposed adolescent cohorts [9], [6].

C. Data Collection and Analysis

Cognitive assessments were conducted individually in a controlled, distractionfree environment by trained
evaluators. Testing sessions were structured to minimize fatigue and ensure standardized administration across
participants.

Collected data were analyzed using IBM SPSS Statistics (Version 27). Preliminary analyses assessed group
equivalence on demographic variables via independent-samples ttests (for continuous variables) and Chisquare
tests (for categorical variables). Primary analyses involved onesway Analysis of Variance (ANOVA) to examine
differences in cognitive out- comes across the three groups: non-maltreated controls, single- type maltreatment,
and multitype maltreatment.

For all inferential tests, statistical significance was set at o < 0.05. Where applicable, effect sizes (e.g., partial eta
squared, 12) were calculated to quantify the magnitude of group differences. Assumptions of normality and
homogeneity of variances were assessed, and non-parametric alternatives were employed when these assumptions
were violated.

This methodological framework facilitates rigorous ex- ploration of the cognitive sequelae associated with varying
degrees of childhood maltreatment, contributing to a more nuanced understanding of trauma-related
neurodevelopmental outcomes.
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III. RESULTS

Descriptive and inferential analyses were conducted to examine group differences in demographic variables and
ex- ecutive function outcomes. Table I presents the demographic characteristics of the three study groups:
adolescents with no history of maltreatment (Control), those exposed to a single maltreatment category (Single-
type Maltreatment), and those exposed to multiple categories of maltreatment (Multitype Maltreatment).

No statistically significant group differences were observed in age, academic grade, or estimated IQ, confirming
baseline demographic equivalence across groups. This comparability reduces the likelihood of demographic
confounding effects influencing cognitive outcomes.

Table I summarizes performance across the administered executive function assessments. Statistically significant
varia- tions were identified in select cognitive domains, particularly processing speed and inhibitory control
metrics.

A. Processing Speed and Cognitive Flexibility

Performance on the Trail Making Test Part B (TMT-B), which assesses visual-motor coordination, attention-
switching, and cognitive flexibility, revealed notable differences among groups. The Single-type Maltreatment
group exhibited the longest completion times (Mean = 103.9 seconds), indicat- ing substantial processing speed
deficits relative to both the Control group (Mean = 93.47 seconds) and the Multitype Maltreatment group (Mean
= 76.78 seconds). ANOVA results confirmed these differences reached statistical significance (p < 0.05),
suggesting that even exposure to a single maltreat- ment subtype can disrupt cognitive flexibility and attentional
processing.

B. Inhibitory Control and Initiation Speed

The Hayling Sentence Completion Test, specifically the initiation condition (Hayling-A), demonstrated group-
based discrepancies in response times. Adolescents in the Multi- type Maltreatment group recorded the longest
initiation times (Mean = 28.98 seconds), followed by the Single-type Maltreat- ment group (Mean = 23.98 seconds)
and the Control group (Mean = 20.82 seconds). These findings imply that exposure to multiple forms of
maltreatment exacerbates difficulties in cognitive initiation and inhibitory control. Statistical analysis indicated
these differences were significant (p < 0.05).

C. Working Memory and Verbal Fluency

Digit Span scores, reflecting shortterm memory and work- ing memory capacity, showed a trend of reduced
performance in the Single-type Maltreatment group (Mean = 3.96) com- pared to both the Control (Mean =4.25)
and Multitype groups (Mean = 4.89). However, these variations did not reach sta- tistical significance, suggesting
that working memory deficits may not be uniformly present across maltreated adolescents or may vary based on
maltreatment type and severity.

Similarly, FAS Verbal Fluency scores, indicative of linguis- tic processing speed and executive control, were
relatively comparable across groups, with no statistically significant differences observed.

TABLE I DEMOGRAPHICS OF STUDY GROUPS

Group Grade LevelAge (Mean)IQ (Mean)
Single-type 7.33 14.21 87.50
Maltreatment

Multitype 7.58 14.21 93.00
Maltreatment

Control 7.43 14.03 92.10

TABLE Il PERFORMANCE ON EXECUTIVE FUNCTION ASSESSMENTS

Test Single Multi Control
Digit Span (SO) 3.96 4.89 4.25
TMT-B Time (s) 103.9 76.78 93.47
HaylingA Time23.98 28.98 20.82
(s)

FAS Total 29.17 27.11 28.43
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D. Summary of Findings

Collectively, the results indicate that childhood maltreat- ment—whether single or multitype—has
measurable implica- tions for adolescent executive functioning, particularly in do- mains of processing
speed, cognitive flexibility, and inhibitory control. The observation that single-type exposure produced
greater deficits in TMT-B performance than multitype ex- posure warrants further exploration, potentially
implicating unmeasured factors such as trauma intensity, chronicity, or coping mechanisms.

IV. DISCUSSION

The present study contributes to the growing body of evidence linking early-life adversity to altered
neurocognitive development, particularly within domains of executive func- tioning. Consistent with
prior research [7], [9], adolescents with documented maltreatment histories exhibited deficits in
processing speed and inhibitory control, as reflected by pro- longed completion times on the Trail Making
Test Part B (TMT-B) and the Hayling Sentence Completion Test (Hayling- A). These findings underscore
the wvulnerability of cognitive flexibility, attentional regulation, and response inhibition to the
neurodevelopmental consequences of trauma.

Interestingly, adolescents exposed to a single category of maltreatment demonstrated greater impairments
in TMT-B performance compared to those exposed to multiple mal- treatment types. This
counterintuitive pattern diverges from conventional expectations of a dose-response relationship, wherein
increased exposure to trauma typically correlates with more pronounced cognitive deficits [10], [11]. One
plausible explanation for this finding involves unmeasured variation in trauma intensity or chronicity
across groups. It is conceivable that certain forms of maltreatment, though singular in type, may exert
more severe or sustained impacts on neural devel- opment than cumulative but less intense exposures.
Additionally, the absence of significant group differences in working memory and verbal fluency
outcomes suggests domain-specific effects of early adversity. Executive func- tions such as cognitive
flexibility and inhibitory control may be more sensitive to maltreatment-related neurodevel- opmental
disruptions than verbal generativity or short-term memory processes, particularly during adolescence—a
period characterized by ongoing maturation of frontal lobe circuits and stress-regulatory systems,
including the hypothalamic- pituitary-adrenal (HPA) axis [5], [?].

The minimal divergence observed between single- and mul- titype maltreatment groups on certain
cognitive measures may also reflect the limitations of existing trauma classification frameworks. Binary or
categorical distinctions may insuffi- ciently capture the complexity of maltreatment experiences, which
often vary along dimensions of severity, duration, and co-occurrence with other environmental risk
factors. Future research would benefit from adopting multidimensional ap- proaches that integrate both
qualitative and quantitative indices of trauma exposure.

It is also noteworthy that some cognitive operations did not exhibit statistically significant group
differences. This may be attributable to individual variability in developmental trajectories, resilience
mechanisms, or compensatory cognitive strategies that attenuate observable impairments. Given the
heightened neuroplasticity of the adolescent brain, it remains plausible that certain cognitive domains
are in dynamic states of adaptation or recovery following early-life adversity [4].

V. CONCLUSION

The findings of this study provide further empirical sup- port for the association between early traumatic
exposure and altered executive functioning during adolescence. No- tably, deficits in processing speed,
cognitive flexibility, and inhibitory control were observed among adolescents with maltreatment histories,
highlighting the lasting neurocognitive sequelae of early adversity.

Unexpectedly, adolescents exposed to a single maltreatment category exhibited more pronounced
impairments in select executive domains than those with multitype exposure, un- derscoring the need to
move beyond simplistic assumptions of linear dose-response patterns. These findings suggest that trauma
type, intensity, and chronicity may interact in complex ways to shape cognitive outcomes, warranting
more nuanced investigation.

Despite its contributions, this study is not without limita- tions. The modest sample size and reliance on
cross-sectional design constrain the generalizability of findings and preclude causal inferences.
Additionally, the scope of cognitive domains assessed was limited, and reliance on self-reported trauma
measures introduces potential biases.

Nevertheless, these results reinforce the importance of early identification, intervention, and cognitive
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support for ado- lescents with maltreatment histories. Targeted interventions aimed at enhancing
executive functions—particularly those related to cognitive flexibility and inhibitory control—may be
critical for mitigating the developmental consequences of early adversity.

Future research should employ longitudinal designs, larger samples, and comprehensive trauma
assessments to elucidate the additive and interactive effects of maltreatment type, severity, and timing on
adolescent neurocognition. Such efforts are essential for informing prevention strategies and therapeu-
tic interventions aimed at promoting optimal developmental outcomes for trauma-exposed youth.
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