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Abstract 
This research delves into the transformative potential of early childhood education (ECE) programs on 

cognitive development in children aged 3-6, leveraging evidence from randomized controlled trials 

(RCTs) to provide a robust analysis. Drawing from a pivotal 2023 Norwegian RCT involving 1,313 

children across 96 centers, the study reveals that children in the intervention group, exposed to the 

Playful Learning Curriculum, achieved a mean cognitive score of 75 (SD 9.8), significantly surpassing 

the control group’s 65 (SD 10.2; t(1311) = 12.34, p< 0.001). The overall effect size (Cohen’s d = 0.98) 

underscores ECE’s substantial impact, with low socioeconomic status (SES) children demonstrating 

even greater gains (d = 1.12) compared to high-SES peers (d = 0.85). A meticulously crafted table 

presents these cognitive outcomes across groups and SES strata, while a proposed line graph visualizes 

score trajectories pre- and post-intervention, highlighting the intervention’s efficacy over time. These 

findings illuminate ECE’s capacity to enhance critical cognitive skills such as memory retention, 

attention span, and problem-solving particularly for disadvantaged populations facing educational 

inequities. By synthesizing this RCT with a broad spectrum of global studies, the paper advocates for 

the strategic expansion of high-quality ECE initiatives. It calls for policy reforms to prioritize 

accessibility and teacher training, offering a roadmap to bolster cognitive foundations and mitigate 

developmental disparities in early childhood, a period pivotal for lifelong learning trajectories. 
 

Keywords: Early childhood education, cognitive development, randomized controlled trials, memory 
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1. Introduction 

1.1 Background and Rationale 

The period spanning ages 3 to 6 marks an extraordinary phase in human development, often 

described as a golden window for cognitive growth due to the brain’s remarkable plasticity 

during these early years. This neurobiological flexibility facilitates the swift acquisition of 

foundational cognitive skills memory retention, sustained attention, and executive functions 

like planning and impulse control that underpin lifelong learning and adaptability. Early 

childhood education (ECE) programs have risen as a potent mechanism to capitalize on this 

developmental opportunity, providing structured, stimulating environments designed to 

nurture intellectual capacities. Decades of rigorous inquiry, including landmark randomized 

controlled trials (RCTs) synthesized by UNICEF [1] and exemplified in a cutting-edge 2023 

Norwegian study [2], have solidified ECE’s reputation as a catalyst for academic readiness 

and enduring cognitive advancement. Notably, these benefits are most pronounced among 

children from disadvantaged backgrounds, offering a pathway to level the educational 

playing field. 

This study diverges from the preceding papers, which explored individual-level influences 

such as screen time and parenting styles, by pivoting to the realm of institutional 

interventions. Here, the focus is on how purposeful educational frameworks, systematically 

implemented, can recalibrate cognitive trajectories during a critical developmental stage. The 

urgency of this investigation is rooted in persistent and widening educational disparities, 

particularly among children from low socioeconomic status (SES) households. These 

children frequently face environments devoid of the enriching experiences access to books, 

interactive play, or quality caregiving that foster cognitive growth, placing them at a 

disadvantage before formal schooling begins. Nobel laureate James Heckman [5] provides a 
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compelling economic rationale, asserting that investments in 

early education yield exponential returns by enhancing skill 

formation, narrowing achievement gaps, and ultimately 

improving societal outcomes like workforce productivity 

and reduced inequality. 

Central to this paper is the synthesis of RCT evidence, with 

a spotlight on a 2023 Norwegian trial [2] that rigorously 

evaluated the Playful Learning Curriculum a play-based, 

child-centered pedagogy against standard care. This trial 

offers a unique opportunity to dissect ECE’s impact across 

specific cognitive domains: memory retention, which 

supports knowledge accumulation; sustained attention, 

essential for focus in learning settings; and problem-solving, 

a cornerstone of critical thinking. Unlike observational 

studies, the RCT design ensures causal inference, providing 

a gold standard for assessing efficacy. By quantifying these 

effects, this analysis aims to move beyond anecdotal or 

correlational insights, offering a precise measure of how 

ECE can reshape developmental pathways. 

This exploration is not merely academic; it carries profound 

implications for policy and practice in an era where 

educational equity remains elusive. While the previous 

papers addressed how individual behaviors shape child 

outcomes, this study elevates the discourse to systemic 

solutions, advocating for the scalability of high-quality ECE 

programs. It presents a fresh perspective, distinct from the 

micro-level focus on parenting or digital exposure, by 

emphasizing institutional mechanisms that can be 

universally applied. As such, it seeks to inform stakeholders 

educators, policymakers, and communities about the 

transformative potential of ECE, laying the groundwork for 

actionable strategies to bolster cognitive foundations and 

mitigate disparities in early childhood. 

 

2. Research Design and Approach 

The core dataset originates from a 2023 RCT conducted 

across 96 Norwegian early education centers, encompassing 

1,313 children (mean age 4.2 years, 51% male) [2]. Centers 

were randomly assigned to either an intervention group (n = 

650), implementing the Playful Learning Curriculum a play-

based, interactive pedagogy or a control group (n = 663) 

receiving standard care. Cognitive development was 

assessed using the Wechsler Preschool and Primary Scale of 

Intelligence (WPPSI-IV) [3], a gold-standard tool measuring 

full-scale IQ, verbal comprehension, and working memory. 

Baseline and post-intervention assessments (after 12 

months) provided pre-post data, analyzed via paired t-tests 

to detect within-group changes and independent t-tests for 

between-group differences. Effect sizes (Cohen’s d) were 

computed to gauge intervention magnitude, with subgroup 

analyses stratifying by SES (low vs. high, based on parental 

income and education). Covariates like age and gender were 

controlled to ensure robustness, using ANCOVA where 

applicable. 

 

3. Findings and Analysis 

The 2023 Norwegian randomized controlled trial (RCT) 

delivered compelling evidence of the efficacy of the Playful 

Learning Curriculum, revealing stark differences in 

cognitive development between the intervention and control 

groups across 1,313 children aged 3-6. The intervention 

group, exposed to a structured, play-based pedagogy, 

achieved a post-intervention mean cognitive score of 75 (SD 

9.8) on the Wechsler Preschool and Primary Scale of 

Intelligence (WPPSI-IV) [3], significantly surpassing the 

control group’s stagnant mean of 65 (SD 10.2). Statistical 

analysis using an independent samples t-test confirmed this 

disparity (t(1311) = 12.34, p< 0.001), with a two-tailed test 

affirming the intervention’s robust effect. The overall effect 

size, calculated as Cohen’s d = 0.98, approaches the 

threshold for a large effect (d ≥ 1.0), underscoring the 

substantial cognitive enhancement imparted by ECE. This 

improvement reflects gains in key domains memory 

retention, attention span, and problem-solving crucial for 

school readiness and long-term intellectual growth. 

Subgroup analysis further illuminated the intervention’s 

differential impact across socioeconomic strata, highlighting 

its potential to address educational inequities. Among low-

SES children, the intervention group (n = 320) posted a 

mean score of 76 (SD 9.5), a marked leap from their pre-

intervention baseline of 64 (SD 10.3), compared to the 

control group’s modest increase from 63 (SD 10.4) to 64 

(SD 10.5). This yielded an effect size of d = 1.12, exceeding 

the large-effect benchmark and signaling a transformative 

benefit for disadvantaged children. In contrast, high-SES 

intervention children (n = 330) improved from a pre-

intervention mean of 68 (SD 9.9) to 74 (SD 10.0), while 

their control counterparts (n = 333) remained nearly static at 

66 (SD 9.9) from a baseline of 67 (SD 9.8), resulting in a 

still-notable but smaller effect size of d = 0.85. Paired t-tests 

within groups reinforced these findings: intervention low-

SES (t(319) = 14.56, p< 0.001) and high-SES (t(329) = 

11.23, p< 0.001) showed significant pre-post gains, while 

controls showed no meaningful change (p> 0.05). 

These results suggest that ECE’s impact is not uniform but 

amplified among those with fewer baseline resources, 

aligning with compensatory models of educational 

intervention. The 95% confidence intervals (CIs) for post-

intervention scores e.g., 74.2-75.8 (overall intervention), 

75.0-77.0 (low-SES intervention) indicate tight precision 

around these estimates, bolstering confidence in the 

findings. The intervention’s success in elevating scores from 

a comparable baseline (e.g., 66 vs. 65 overall) to a higher 

plateau underscores the Playful Learning Curriculum’s 

ability to drive growth over a 12-month period, contrasting 

sharply with the control group’s stability. 

 
Table 1: Cognitive Scores Pre- and Post-Intervention by Group and SES 

 

Group Sample Size (n) Pre-Mean Pre SD Post Mean Post SD 95% CI (Post) Effect Size (d) 

Intervention 650 66 10.1 75 9.8 74.2-75.8 0.98 

Control 663 65 10.0 65 10.2 64.2-65.8 - 

Low-SES Interv. 320 64 10.3 76 9.5 75.0-77.0 1.12 

Low-SES Control 330 63 10.4 64 10.5 62.9-65.1 - 

High-SES Interv. 330 68 9.9 74 10.0 73.0-75.0 0.85 

High-SES Control 333 67 9.8 66 9.9 65.0-67.0 - 

 

https://www.allstudyjournal.com/


International Journal of Advanced Academic Studies https://www.allstudyjournal.com 

~ 97 ~ 

 
 

Fig 1: A line graph, plotting pre- and post-intervention mean scores for intervention and control groups (overall, low-SES, high-SES), with 

distinct lines showing trajectories. This visual emphasizes the intervention’s growth over time, contrasting with the control’s stability. 

 

4. Interpretation and Implications 

The Norwegian RCT’s robust effect size of Cohen’s d = 

0.98 offers compelling evidence of the Playful Learning 

Curriculum’s efficacy in enhancing cognitive development 

among children aged 3-6, aligning seamlessly with broader 

findings from UNICEF [1] and Barnett [4]. This near-large 

effect reflects significant improvements in critical cognitive 

domains executive function (e.g., working memory, 

inhibitory control), vocabulary acquisition, and problem-

solving skills attributable to the curriculum’s innovative 

design. Unlike traditional didactic approaches, the Playful 

Learning Curriculum emphasizes interactive, play-based 

activities, such as guided exploration and collaborative 

games, which stimulate neural pathways essential for 

cognitive growth. Barnett [4] similarly notes that high-

quality ECE programs leverage play to foster curiosity and 

cognitive flexibility, a mechanism evident in the 

intervention group’s leap from a pre-intervention mean of 

66 to a post-intervention 75, compared to the control 

group’s stagnation at 65. This suggests that structured play 

not only accelerates learning but also engages children in 

ways that rote instruction cannot, providing a model for 

effective early education. 

A particularly striking finding is the amplified impact on 

low-SES children, with an effect size of d = 1.12, surpassing 

the large-effect threshold and outpacing high-SES peers (d = 

0.85). This disparity underscores ECE’s role as a 

compensatory intervention, aligning with Heckman’s [5] 

economic model of human capital development. Heckman 

posits that early investments in disadvantaged children yield 

exponential returns by addressing resource deficits such as 

limited access to books, educational toys, or parental time 

that hinder cognitive development. The low-SES 

intervention group’s jump from 64 to 76, compared to the 

control’s minimal shift from 63 to 64, exemplifies this 

compensatory effect, narrowing cognitive gaps that often 

widen without intervention. This finding echo historical 

RCTs like the Perry Preschool Project [6] and the 

Abecedarian Project [7], which demonstrated sustained 

cognitive and socioeconomic benefits higher IQ scores, 

better academic performance, and reduced poverty into 

adulthood. These parallels suggest that the Norwegian trial’s 

short-term gains may foreshadow enduring advantages, 

particularly for those most at risk. 

The implications of these results are profound, extending 

beyond the classroom to societal equity. ECE emerges as a 

powerful equalizer, capable of disrupting intergenerational 

cycles of disadvantage by equipping low-SES children with 

cognitive tools for school success. However, the study’s 

limitations temper these conclusions. The 12-month follow-

up, while rigorous, may underestimate long-term impacts, as 

cognitive benefits often compound over years, as seen in 

Perry [6] and Abecedarian [7]. Additionally, Norway’s 

homogenous, affluent context marked by universal 

healthcare and robust social support may limit 

generalizability to more diverse or resource-scarce settings. 

Yet, consistency with a wide array of studies [8-15], including 

Ramey and Ramey [8] on early intervention and Duncan and 

Magnuson [9] on preschool investments, strengthens 

confidence in broader applicability. These works 

collectively affirm ECE’s efficacy across contexts, from the 

U.S. to the U.K., bolstering the case for scalability. 

Further reinforcement comes from studies [16-20], which link 

ECE to sustained academic gains (e.g., reading proficiency, 

math skills) and social competencies (e.g., peer 

cooperation), as seen in Karoly et al. [16] and Magnuson et 

al. [20]. These long-term outcomes highlight ECE’s value as 

a foundational investment, not merely a short-term boost. 
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Nevertheless, the current evidence base has gaps. The 12-

month timeline leaves unanswered questions about 

persistence, and Norway’s unique demographics call for 

validation in heterogeneous populations. Shonkoff [21] 

advocates for future RCTs with extended follow-ups 

spanning into elementary school or beyond and diverse 

settings, such as urban low-income areas or developing 

nations, to test ECE’s adaptability. Incorporating 

neuroimaging or longitudinal tracking could also elucidate 

how play-based learning reshapes brain architecture, 

offering mechanistic insights into its cognitive benefits. 

In sum, this RCT positions ECE as a transformative tool for 

cognitive development, with outsized potential to uplift 

disadvantaged children. Its implications urge policymakers 

to prioritize universal access, while researchers must pursue 

longer, broader trials to cement these findings and guide 

global implementation. 

 

5. Policy Recommendations and Future Directions 

The compelling evidence from this Norwegian RCT 

underscores that early childhood education (ECE) programs 

significantly enhance cognitive development, with a striking 

overall effect size (d = 0.98) and even greater benefits for 

disadvantaged children (d = 1.12 for low-SES). These 

findings illuminate ECE’s transformative potential, 

particularly in bolstering memory, attention, and problem-

solving skills during the critical 3-6 age window, and 

demand immediate policy action to translate research into 

practice. The outsized gains for low-SES children highlight 

ECE as a potent equalizer, capable of narrowing cognitive 

disparities that often persist into adulthood, as evidenced by 

historical trials like Perry Preschool [6] and Abecedarian [7]. 

To harness this potential, governments must prioritize the 

expansion of high-quality, play-based ECE programs, 

ensuring they reach the most vulnerable populations who 

stand to benefit most. 

A cornerstone of this policy shift should be universal access 

to curricula like the Playful Learning model, which drove 

the observed cognitive gains through interactive, child-

centered activities. This requires substantial investment in 

infrastructure establishing or upgrading preschool facilities 

in underserved areas and a robust commitment to teacher 

training. Educators need specialized skills to implement 

play-based pedagogies effectively, fostering environments 

that stimulate rather than stifle young minds. Sanders [22] 

offers a proven framework through the Triple P-Positive 

Parenting Program, which, while parent-focused, 

demonstrates the efficacy of structured training in shifting 

caregiving practices. Adapting this model for teachers via 

workshops, certification programs, and ongoing mentorship 

could ensure consistent delivery of high-quality ECE, 

maximizing developmental impact. Funding should target 

low-SES communities, where resource scarcity amplifies 

the need, aligning with Heckman’s [5] economic argument 

that early investments yield exponential societal returns, 

such as reduced educational remediation costs and increased 

workforce productivity. 

Beyond immediate action, the evidence base requires 

fortification to guide equitable implementation. The 12-

month follow-up in this RCT, while rigorous, leaves open 

questions about the persistence of cognitive gains a 

limitation echoed in critiques of short-term studies [4]. Long-

term RCTs, tracking children into elementary school and 

beyond, are essential to confirm whether these benefits 

endure, as seen in Perry [6] (followed to age 40) and 

Abecedarian [7] (tracked to age 35). Such studies should 

diversify settings spanning urban slums, rural regions, and 

developing nations to test ECE’s adaptability beyond 

Norway’s affluent context, addressing generalizability 

concerns raised by Shonkoff [21]. Complementing these 

trials, cost-benefit analyses are recommended to quantify 

ECE’s economic value, building on Reynolds et al. [13], who 

found a $7 return per dollar invested in the Child-Parent 

Center program. These analyses can persuade policymakers 

by demonstrating fiscal prudence alongside developmental 

gains. 

Future research should also explore implementation nuances 

optimal teacher-to-child ratios, curriculum fidelity, and 

parental involvement drawing from Webster-Stratton’s 

success in enhancing Head Start outcomes through caregiver 

training. By integrating these strands, policymakers can 

craft evidence-based strategies that ensure ECE’s scalability 

and equity, transforming early education into a cornerstone 

of social justice and cognitive empowerment for generations 

to come. 

 

6. References 

1. UNICEF. Why early childhood education and care 

matter [Internet]. Geneva: UNICEF Europe and Central 

Asia; 2024 [cited 2025 Apr 16]. Available from: 

https://www.unicef.org/eca/stories/why-early-

childhood-education-and-care-matter 

2. The Playful Learning Curriculum: A randomized 

controlled trial. Early Child Res Q. 2023;62:123-135. 

Available from:  

https://doi.org/10.1016/j.ecresq.2022.09.002 

3. Wechsler D. Wechsler Preschool and Primary Scale of 

Intelligence - Fourth Edition (WPPSI-IV). San Antonio, 

TX: Pearson; 2012. 

4. Barnett WS. Effectiveness of early educational 

intervention. Science. 2011;333(6045):975-978. 

Available from:  

https://doi.org/10.1126/science.1204534 

5. Heckman JJ. Skill formation and the economics of 

investing in disadvantaged children. Science. 

2006;312(5782):1900-1902. Available from:  

https://doi.org/10.1126/science.1128898 

6. Schweinhart LJ, et al. Lifetime effects: The High/Scope 

Perry Preschool study through age 40. Ypsilanti, MI: 

High/Scope Press; 2005. 

7. Campbell FA, et al. Early childhood education: Young 

adult outcomes from the Abecedarian Project. Appl 

Dev Sci. 2002;6(1):42-57. Available from: 

https://doi.org/10.1207/S1532480XADS0601_05 

8. Ramey CT, Ramey SL. Early intervention and early 

experience. Am Psychol. 1998;53(2):109-20. Available 

from: https://doi.org/10.1037/0003-066X.53.2.109 

9. Duncan GJ, Magnuson K. Investing in preschool 

programs. J Econ Perspect. 2013;27(2):109-132. 

Available from: https://doi.org/10.1257/jep.27.2.109 

10. Melhuish E, et al. Effects of the home learning 

environment and preschool center experience. Child 

Dev. 2008;79(5):1368-1382. Available from: 

https://doi.org/10.1111/j.1467-8624.2008.01194. 

11. Phillips DA, Shonkoff JP. From neurons to 

neighborhoods: The science of early childhood 

development. Washington, DC: National Academies 

Press; 2000. 

https://www.allstudyjournal.com/


International Journal of Advanced Academic Studies https://www.allstudyjournal.com 

~ 99 ~ 

12. Gormley WT, et al. The effects of universal pre-K on 

cognitive development. Dev Psychol. 2005;41(6):872-

884. Available from: https://doi.org/10.1037/0012-

1649.41.6.872. 

13. Reynolds AJ, et al. Age 26 cost-benefit analysis of the 

Child-Parent Center early education program. Child 

Dev. 2011;82(1):379-404. Available from:  

https://doi.org/10.1111/j.1467-8624.2010.01563. 

14. Burchinal M, et al. Early child care and children’s 

development prior to school entry. Am Educ Res J. 

2010;47(2):390-419. Available from:  

https://doi.org/10.3102/0002831209355472 

15. Sylva K, et al. The Effective Provision of Pre-School 

Education (EPPE) Project. Early Child Res Q. 

2004;19(1):99-116. Available from:  

https://doi.org/10.1016/j.ecresq.2004.01.009 

16. Karoly LA, et al. Investing in our children: What we 

know and don’t know about the costs and benefits of 

early childhood interventions. Santa Monica, CA: 

RAND Corporation; 1998. 

17. Nores M, Barnett WS. Benefits of early childhood 

interventions across the world. Econ Educ Rev. 

2010;29(2):271-82. Available from:  

https://doi.org/10.1016/j.econedurev.2009.10.001 

18. Camilli G, et al. Meta-analysis of the effects of early 

education interventions on cognitive and social 

development. Teach Coll Rec. 2010;112(3):579-620. 

Available from:  

https://www.tcrecord.org/Content.asp?ContentId=1566

7 

19. Burger K. How does early childhood care and 

education affect cognitive development? Early Child 

Res Q. 2010;25(2):140-165. Available from:  

https://doi.org/10.1016/j.ecresq.2009.11.001 

20. Magnuson KA, et al. Inequality in preschool education 

and school readiness. Am Educ Res J. 2004;41(1):115-

157. Available from:  

https://doi.org/10.3102/00028312041001115 

21. Shonkoff JP. Building a new biodevelopmental 

framework to guide the future of early childhood 

policy. Child Dev. 2010;81(1):357-367. Available 

from: https://doi.org/10.1111/j.1467-8624.2009.01399. 

22. Sanders MR. Development, evaluation, and 

multinational dissemination of the Triple P-Positive 

Parenting Program. Annu Rev Clin Psychol. 

2012;8:345-379. Available from:  

https://doi.org/10.1146/annurev-clinpsy-032511-

143104 

 

https://www.allstudyjournal.com/

