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ABSTRACT

The present study aimed to evaluate the effectiveness of family-centered
neuropsychological programs on improving working memory and executive
functions in children with separation anxiety disorder (SAD). This quasi-
experimental study utilized a pre-test-post-test control group design. The
statistical population included children with separation anxiety visiting treatment
centers in Tehran and their mothers. A sample of 30 children was selected
through convenience sampling and randomly assigned to experimental (n=15)
and control (n=15) groups. The intervention comprised 12 sessions (120 minutes
each) of family-centered neuropsychological training, focusing on enhancing
working memory and executive functions through interactive games. Instruments
included Raven's Progressive Matrices, the Separation Anxiety Scale, the N-
Back Test, and the Behavior Rating Inventory of Executive Function (BRIEF).
Multivariate analysis of covariance (MANCOVA) revealed that family-centered
neuropsychological interventions significantly improved working memory and
executive function performance in children in the experimental group compared
to the control group. Results suggested that the program facilitated cognitive
improvements by enhancing child-family interactions and incorporating targeted
exercises. This study underscores the efficacy of family-centered interventions as
a viable approach for addressing cognitive and behavioral challenges in children
with separation anxiety. Future research should investigate the long-term effects
of these interventions and examine their applicability across diverse populations.
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Introduction

Separation anxiety disorder (SAD) is /one of the most common psychological disorders in
childhood, with prevalence rates ranging from 4% to 10% in clinical and community samples
(Schneider et al., 2018; Mian, 2014). The disorder is characterized by developmentally
inappropriate and excessive fear concerning separation from attachment figures, manifesting as
persistent worry about losing parents, school refusal, nightmares about separation, and somatic
complaints. Beyond its emotional and behavioral dimensions, SAD has profound cognitive
consequences. Children with SAD consistently exhibit deficits in working memory—the
capacity to temporarily store and actively manipulate information (Tamm et al., 2021)—and
executive functions, which encompass inhibitory control, cognitive flexibility, planning, and
attentional regulation (Celik et al., 2025). These cognitive abilities are mediated by prefrontal
cortical networks that are particularly vulnerable to chronic stress. In SAD, persistent amygdala
hyperactivation and HPA-axis dysregulation disrupt prefrontal functioning, impairing both
working memory and executive control (Alba et al., 2019; Lievore et al., 2020).

Neuropsychological programs, grounded in neuroplasticity theory, employ systematic,
repetitive exercises to strengthen neural circuits underlying specific cognitive functions
(Diamond, 2012). While such programs have shown efficacy in various populations (Gkintoni
& Ortiz, 2023), most adopt an individual-focused approach without systematically integrating
the family context. The family-centered approach recognizes that children develop within a
dynamic relational system and that parental involvement can significantly enhance treatment
outcomes (Baumel et al., 2021). For children with SAD, the intense parent-child emotional bond
can either perpetuate anxiety through overprotectiveness or serve as a scaffold for developing
cognitive and emotional regulation skills (Yao, 2017). Family-centered neuropsychological
programs harness this relational resource by training parents to create a secure, structured, and
cognitively stimulating environment.

Despite the theoretical appeal of this approach, systematic research on family-centered
neuropsychological programs targeting working memory and executive functions in children
with SAD remains scarce. The present study was designed to address this gap, hypothesizing
that children who participated in the program would demonstrate significantly greater
improvements in working memory and executive functioning compared to controls.

Method

Design and Participants: A quasi-experimental pre-test-post-test design with a control group
was employed. The statistical population comprised all children diagnosed with SAD who were
referred to therapeutic centers in Tehran, Iran. Thirty children (16 females, 14 males) aged 7—-12
years (M = 11.0, SD = 0.85) were selected through purposive convenience sampling. Sample
size was calculated using G*Power (effect size = 0.36, a = 0.05, power = 0.95). Participants
were randomly assigned to the experimental group (n = 15; 9 females, 6 males; mean age =
10.8, SD = 0.774) or the control group (n = 15; 7 females, 8 males; mean age = 11.2, SD =
0.861). Chi-square analysis confirmed gender homogeneity (y*> = 0.536, p = 0.464), and an
independent t-test confirmed age homogeneity (t=-1.33, p = 0.192).

Inclusion criteria were: (a) age 7-12 years; (b) confirmed DSM-5 diagnosis of SAD by a
psychiatrist or psychologist; (c) 1Q > 90 on Raven's Progressive Matrices; (d) willingness to
engage in computer-based activities; and (e) written informed consent. Exclusion criteria
included physical disabilities, concurrent use of other therapeutic interventions, psychiatric
comorbidity, and absence from more than two sessions.

Instruments

Separation Anxiety Assessment Scale (SAAS). Developed by Hahn et al. (2003), this scale
includes parent and child versions (34 items each) assessing four dimensions: fear of being
alone, fear of abandonment, fear of physical illness, and worry about dangerous events. Items
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are rated on a 4-point Likert scale. Cronbach's alpha in this study was 0.852.

N-back Test. Introduced by Karchner (1958), this computerized, culture-fair test assesses
working memory by requiring participants to identify when a current stimulus matches one
presented n-trials earlier. Outcome measures were correct responses (accuracy) and reaction
time (processing speed). Cronbach's alpha was 0.741.

Behavior Rating Inventory of Executive Function (BRIEF) — Teacher Form. Developed by
Gioia et al. (2000), this 86-item questionnaire assesses executive functions in children aged 5—
18 years, yielding a Behavioral Regulation Index (BRI), Metacognition Index (MCI), and
Global Executive Composite (GEC). Cronbach's alpha was 0.753.

Raven's Colored Progressive Matrices. Used to screen intellectual ability (inclusion criterion:
IQ > 90). Cronbach's alpha was 0.789.

Intervention: Family-Centered Neuropsychological Program: The program was grounded in
neuroplasticity theory (Diamond, 2012). It comprised 12 sessions (60—90 minutes each)
conducted over six weeks, with mothers actively participating in all sessions. Session content
included: (1) introduction and familiarization; (2) education about cognitive-behavioral
challenges; (3) the role of executive functions; (4) training in strengthening mother—child
relationships; (5) joint mother—child interactive play targeting executive functions; (6—7)
memory and inhibitory control games (memory matching, Flanker task, Go/No-Go task); (8-9)
cognitive flexibility and planning exercises; (10—11) advanced working memory and problem-
solving tasks; and (12) review, consolidation, and generalization strategies.

Procedure: Following ethical approval and informed consent, eligible participants completed
pre-test assessments. The experimental group received the 12-session program at a counseling
center in Tehran. The control group received no intervention. Post-test assessments were
conducted within one week following the intervention.

Data Analysis: Multivariate analysis of covariance (MANCOVA) was employed to examine
group differences on post-test scores while controlling for pre-test performance. Normality was
assessed using the Shapiro-Wilk test, and homogeneity of variance was examined using
Levene's test. Alpha was set at 0.01.

Results

Descriptive Statistics: The experimental group's mean correct responses increased from 55.8
(SD = 2.24) at pre-test to 71.9 (SD = 4.87) at post-test, representing a 28.8% improvement. The
control group remained relatively stable (pre-test: 56.2, SD = 3.05; post-test: 56.8, SD = 2.98).
Reaction time in the experimental group decreased from 185.8 ms (SD = 9.39) to 154.8 ms (SD
= 8.57), a 16.7% reduction, whereas the control group showed minimal change (pre-test: 186.3,
SD = 6.07; post-test: 185.7, SD = 8.52). Executive function scores (BRIEF) showed significant
improvement in the experimental group relative to controls.

MANCOVA Results: The MANCOVA revealed a significant multivariate effect (Wilks'
Lambda = 0.131, F = 51.04, df = 3, p = 0.001, partial n? = 0.869), indicating that 86.9% of the
variance in post-test outcomes was attributable to the intervention. The program accounted for
84.1% of the improvement in correct responses, 54.9% of the reduction in reaction time, and
52.3% of the improvement in executive functions.

Assumption Checks: The Shapiro-Wilk test confirmed normality for all variables (all p >
0.05). Levene's test indicated significant heterogeneity of variances; however, MANCOVA is
robust to this violation given equal group sizes.

Discussion: The results provide strong support for the efficacy of the family-centered
neuropsychological program in enhancing working memory and executive functions in children
with SAD, with large effect sizes across all outcome measures.

Working Memory: The substantial improvements in working memory accuracy (28.8%
increase) and processing speed (16.7% decrease in reaction time) align with findings by
Gkintoni and Ortiz (2023), who reported that targeted neuropsychological exercises enhance
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prefrontal-parietal network connectivity. The game-based format likely facilitated sustained
engagement, which is critical for inducing neuroplastic changes. The family-centered
component may have amplified these effects by reducing the child's anxiety during cognitively
demanding tasks, thereby freeing cognitive resources for performance. As Yao (2017)
emphasized, a secure parent-child attachment provides a "safe base" for exploring challenging
cognitive tasks without being overwhelmed by anxiety.

Executive Functions: Significant improvements in executive functions, as measured by the
BRIEF, are consistent with Bhullar et al. (2023) and Lawrence et al. (2004), who documented
the benefits of cognitive training for executive functioning in pediatric populations. The family-
centered approach likely enhanced these effects by teaching mothers to model and scaffold
executive function strategies—such as planning, organization, and self-monitoring—during
daily routines. Sluiter et al. (2020) similarly emphasized that parental involvement in cognitive
interventions enables generalization of executive skills to naturalistic settings. The partial n? of
0.523 confirms that this improvement was clinically meaningful.

Mechanisms of Change: Three primary mechanisms may explain the intervention's
effectiveness. First, repeated systematic cognitive exercises likely induced functional and
structural changes in prefrontal circuitry (Diamond, 2012). Second, maternal involvement
reduced children's stress levels during cognitive tasks; chronic anxiety impairs prefrontal
functioning through excessive amygdala activation and elevated cortisol, and a calm supportive
environment helps optimize the neurobiological conditions for cognitive performance (Alba et
al., 2019). Third, mothers learned specific techniques—emotion coaching, positive
reinforcement, graduated exposure—that helped reduce the cognitive interference caused by
anxiety, corroborating the findings of Sjowall et al. (2015) and Pritchard et al. (2012).

Comparison with Prior Research: This study extends prior research by specifically targeting
the cognitive deficits associated with SAD—a population that has received less attention in
cognitive training literature compared to ADHD or autism spectrum disorder. Moreover, the
integration of systematic family involvement into a neuropsychological protocol addresses a
significant gap, as most previous interventions focused on child-only training. The effect sizes
obtained (m?> = 0.523-0.869) are notably larger than those reported in meta-analyses of
computerized cognitive training alone (typically n? = 0.10-0.30), suggesting that the family-
centered component may substantially enhance treatment potency.

Clinical Implications: These findings support the integration of neuropsychological
rehabilitation into standard treatment protocols for childhood SAD. They highlight the value of
involving parents as active agents in cognitive remediation rather than relying solely on child-
focused training. The program's manualized format facilitates implementation across clinical
settings, including hospitals, counseling centers, and schools. The intervention is relatively low-
cost, does not require specialized medical equipment, and can be delivered by trained
psychologists, making it accessible in resource-limited settings.

Limitations and Future Directions: Several limitations warrant consideration. First, the
absence of long-term follow-up data precludes conclusions about the durability of cognitive
improvements; future research should include assessments at 3, 6, and 12 months post-
intervention. Second, the small sample size (N = 30) limits generalizability; replication with
larger, more diverse samples spanning multiple geographic regions and socioeconomic
backgrounds is needed. Third, the quasi-experimental design and convenience sampling may
have introduced selection bias; randomized controlled trials with active comparison groups
(e.g., child-only training, cognitive-behavioral therapy) would strengthen causal inferences.
Fourth, potential confounding variables such as parental psychopathology, parenting styles, and
concurrent treatments were not controlled. Fifth, neuroimaging techniques (fMRI, EEG) in
future studies could elucidate the neural mechanisms underlying observed improvements.
Finally, the lack of assessor blinding and the absence of an attention-placebo control condition
represent methodological weaknesses.
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Conclusion

This study provides compelling evidence that a family-centered neuropsychological program
significantly enhances working memory and executive functions in children aged 7-12 years
with separation anxiety disorder. The large effect sizes and consistent improvements across
multiple cognitive domains underscore the clinical significance of this intervention. By
integrating parental involvement with evidence-based neuropsychological exercises, this
approach addresses both the cognitive deficits and the relational context that maintain separation
anxiety. These findings support the broader adoption of family-centered, neuroplasticity-based
interventions in pediatric mental health and highlight the need for continued research to
optimize and disseminate these promising treatment approaches. The integration of family
systems thinking with cognitive neuroscience represents a fruitful direction for future clinical
research and practice.

Keywords
Family-centered neuropsychological program, working memory, executive functions, separation
anxiety.
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Tottenham, N. (2019). Working memory
moderates the association between early
institutional care and separation anxiety
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