


AN INTERVENTION STUDY: GENETIC AND ENVIRONMENTAL INTERPLAY FOR FLUID INTELLIGENCE OF TWINS DURING EARLY CHILDHOOD


Abstract
The present twin study aimed to examine the relative contributions of genetic and environmental factors to fluid intelligence in early childhood and evaluate the impact of a structured home-based intervention. Snowball sampling was used to collect 150 twins included both monozygotic and dizygotic pairs aged 3–6 years from Bhiwani and Hisar districts, Haryana, India. Fluid intelligence was assessed using the Stanford-Binet Intelligence Scale before and after the intervention. Results showed significant differences in fluid intelligence across age groups. Post-intervention assessments revealed notable improvements indicating the effectiveness of environmental stimulation. Heritability estimates suggested that genetic variation accounted for 40–70% of the variance, with monozygotic twins exhibiting higher intra-pair correlations than dizygotic twins. The study concluded that while genetics play a substantial role in fluid intelligence, environmental enrichment can significantly enhance fluid intelligence. Moreover, the influence of genetic factors appeared to increase with age within the early childhood period.
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Introduction
Twin study is one of the major methods used in quantitative genetics to estimate both genetic and environmental parameters of individual differences. Some psychologists recognize that genetics and the environment play a significant role in determining intelligence (Plomin and von Stumm, 2018). Intelligence symbolize that there is individual differences in processing of brain and conceptualise how intellectual abilities decline with the age of an individual (Duncan, 2010). Fluid intelligence refers to the innate ability to reason, solve novel problems, detect patterns, and think abstractly, independent of previously acquired knowledge (Cattell, 1963). It is a core component of general intelligence and is critical for learning, adaptive thinking, and academic performance during early childhood (Blair, 2006). 
The development of fluid intelligence is influenced by a complex interplay between genetic and environmental factors. Heritability is a mathematical estimate that indicates how much of variations in particular traits due to genetic factors (Malanchini et al. 2020). The value of heritability estimate is not constant but it varies throughout the life span (Greenspan, 2022). The heritability estimate for fluid intelligence showed that fluid intelligence is ranging from moderately to highly heritable from late childhood to adulthood (Plomin and Deary, 2015; Deary et al., 2006).
The various investigations regarding genetics revealed that intelligence trait is highly polygenic, heritable and that shared genetic factors (Deary et al. 2019). The twin study design assesses the relative influence of genetic factors on the development of intellectual abilities in twins. The genetic influences on intelligence increase with age while shared environmental influences tend to decrease. This developmental shift implies that while environmental factors play a significant role in early childhood, the expression of genetic potential becomes more prominent over time (Haworth et al., 2010; Tucker-Drob et al., 2013). Twin studies provide a unique and powerful method to disentangle the influence of genes and environment on intellectual abilities. By comparing monozygotic twins, who share 100% of their genes, and dizygotic twins, who share approximately 50%, researchers can estimate the extent to which genetics and environment contribute to variation in intelligence (Posthuma et al., 2002). 
	Twin study designs help determine causal relationships between brain structure and function as well as neuropsychological performance. (Blokland et al., 2017). Twin studies suggested that the variance in intelligence is linked to genetics frame work because genetics may play a greater role in shaping individual intelligence level (Zheng et al., 2018). Twin study is one of the major methods used in quantitative genetics to estimate both genetic and environmental parameters of individual differences. The twin method requires both identical twins and non-identical twins as the comparison of both twins revealed the significant difference between particular traits due to influence of genetic predisposition and environmental circumstances at particular stage of life span (Haworth et al., 2008).	
Effective interventions provided during the early years of life have been shown to significantly reduce developmental inequalities and enhance overall outcomes for young children. Research indicates that such early interventions not only promote immediate cognitive and behavioural improvements but also yield long-term developmental benefits (Engle et al., 2011). The interventions implemented through early childhood education and development programs in Anganwadi centers have demonstrated positive impacts on intellectual abilities of children (Ade et al., 2010). 
Objectives
The present twin study was designed and conducted with the following objectives:
1. To measure fluid intelligence of twins 
2. To assess substantial genetic and environmental influence on fluid intelligence 
3. To develop and impact assessment of intervention on fluid intelligence 
Material and Methods
Study Design
This twin study used a descriptive and experimental twin research design to examine the contributions of genetic predisposition and environmental influences on fluid intelligence during early childhood. The investigation was carried out in the Bhiwani and Hisar districts of Haryana state. The sample size comprised of 150 twin pairs from the age group 3 to 6 years. An intervention program was developed and implemented in the home settings of twins across both districts to evaluate environmental modulation of intellectual outcomes.


Participants and Sampling
For the present investigation, participants included monozygotic (MZ) and dizygotic (DZ) twin pairs within the specified age range. The snowball sampling technique was used to identify and recruit twins from the age group 3 to 6 years to ensure adequate representation within the population. 
Data Collection
Fluid intelligence of the twins was assessed by using the Stanford-Binet Intelligence Scale (Terman and Merrill, 1960), a well-established tool for measuring intellectual functioning in young children.
Intervention
An early childhood intervention program was developed and delivered within the home environment to evaluate the influence of enriched environmental stimulation on fluid intelligence of twins. 
Ethical Considerations
Informed consent was obtained from the parents or legal guardians of respondents prior to participation in the process of investigation. All procedures were conducted in accordance with ethical standards for research involving human subjects.
Statistical Analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS). Descriptive statistics, including mean and standard deviation were computed. Inferential statistics such as t-tests, z-tests and percentage increase were employed to examine differences pre- and post-intervention. Heritability estimates (h²) of fluid intelligence were calculated using Falconer's formula (1960), h2=2(RMZ−RDZ) where, h2 is the heritability estimate, RMz is the correlation coefficient for monozygotic twin pairs and RDz is the correlation coefficient for dizygotic twins. This formula quantifies the proportion of variance in fluid intelligence attributable to genetic factors.
Result
Comparison of fluid intelligence of twins from 3-6 years in two districts
	As data presented in Table 1 revealed that no significant difference was found on age namely, 3-4 years (Z=1.64), 4-5 years (Z=0.42) and 5-6 years (Z=1.73) in both Bhiwani and Hisar district. The fluid intelligence of twins was more in Bhiwani district as compared to Hisar district. Despite the lack of statistical significance, mean scores indicated that twins in Bhiwani district exhibited slightly higher levels of fluid intelligence compared to their counterparts in Hisar district. This trend, though not statistically significant, may be attributed to subtle environmental differences such as parental involvement, educational stimulation, or access to early learning resources in the home environment. 

Table 1: Comparison of fluid intelligence of twins from 3-6 years in two districts
                                                                                                                 (N=300)
	Age (in years) 
	Bhiwani (n=174)
Mean±SD
	Hisar (n=126)
Mean±SD
	Z Value

	3-4 
	(n=56)
	(n=44)
	1.64

	
	8.92±4.02
	7.50±4.48
	

	4-5 
	(n=58)
	(n=42)
	0.42

	
	16.59±7.80
	16.02±6.41
	

	5-6 
	(n=60)
	(n=40)
	1.73

	
	23.15±11.09
	19.27±10.91
	



Comparison of fluid intelligence of monozygotic and dizygotic twins from 3-6 years in two districts   
    	The data in Table 2 revealed that highly significant difference in mean values was observed between Bhiwani and Hisar districts for monozygotic twins on age 4-5 years (Z=2.83**) but no significant differences were found on age namely, 3-4 years (Z=1.41) and  5-6 years (Z= 0.36) of twins over districts, , while for dizygotic twins, the highly significant difference in mean values was found on age 4-5 years (Z=2.65**) of twins. The significant difference in mean values was observed on age 5-6 years (Z=2.19*) over districts, but no significant difference was found on remaining age of twins namely 3-4 years (Z=0.09) over both Bhiwani and Hisar districts. 
Table 2: Comparison of fluid intelligence of monozygotic and dizygotic twins from 3-6 years in two districts                                                                             (N=300)                                                                                   
	Age (in years)
	Monozygotic
	Dizygotic

	
	Bhiwani (n=108)
Mean±SD
	Hisar (n=66)
Mean±SD
	Z Value
	Bhiwani (n=68)
Mean±SD
	Hisar (n=58)
Mean±SD
	Z Value

	3-4
	(n=30)
	(n=24)
	
	(n=26)
	(n=20)
	

	
	9.33±4.97
	7.50±4.52
	1.41
	8.46±2.53
	7.50±4.56
	0.09

	4-5
	(n=38)
	(n=20)
	
	(n=20)
	(n=22)
	

	
	18.81±7.80
	14.10±4.82
	2.83**
	12.35±5.95
	17.77±7.26
	2.65**

	5-6
	(n=40)
	(n=24)
	
	(n=20)
	(n=16)
	

	
	23.60±10.38
	22.58±10.97
	0.36
	22.25±12.62
	14.31±9.02
	2.19*


**Significant at 0.01% level of significance;*Significant at 0.05% level of significance


Correlation coefficient among monozygotic and dizygotic twins for fluid intelligence
The figure 1 provided the information regarding the correlation coefficient among monozygotic and dizygotic twins for fluid intelligence in Bhiwani and Hisar district. The data in fig 1 portrait that the correlation coefficient among monozygotic twins for fluid intelligence at age namely: 3-4 years, 4-5 years and 5-6 years was r=0.64, r=0.74 and r=0.88 in Bhiwani district. Among dizygotic twins, the correlation coefficient for 3-4 years (r=0.42), 4-5 years (r=0.47) and 5-6 years (r=0.56) in Bhiwani district. Further the correlation coefficient among monozygotic twins was for fluid intelligence at age namely: 3-4 years (r=0.45), 4-5 years (r=0.64) and 5-6 years (r=0.67) in Hisar district.  Among dizygotic twins, the correlation coefficient was for fluid intelligence at age 3-4 years (r=0.22), 4-5 years (r=0.35) and 5-6 years (r=0.33) in Hisar district. For both districts, the data indicated that identical twins exhibited a higher correlation in fluid intelligence compared to fraternal twins.

Fig 1: Correlation coefficient for fluid intelligence among twins 
Heritability estimates for fluid intelligence among twins across different ages
As data presented in Table 3 revealed that the heritability estimates for fluid intelligence of twins with the age group 3-4 years in Bhiwani district was 43.00 per cent. The interpretation of data clearly indicated that the remaining 57.00 per cent variance in intellectual level in Bhiwani district was attributed to environmental factors. Further, the data in this table indicated that the heritability estimates for fluid intelligence of twins in Hisar district was (45.00 %) and remaining 55.00 per cent variance in fluid intelligence was due to environmental circumstances in the group age 3-4 years. The findings on heritability estimates showed that genetic influence on fluid intelligence of twins for Hisar district was more than the environment. Further, this table also revealed that the heritability estimates for fluid intelligence was 54.00 per cent in the age group 4-5 years that clearly indicated that 43.00 per cent variance in fluid intelligence of twins was attributed to environmental circumstances in Bhiwani district. In Hisar district, the heritability estimates for fluid intelligence of twins was 58.00 per cent in the age group 4-5 years and remaining 42.00 per cent variance in fluid intelligence of twins was due to environmental situations. Further, this tables portrait that heritability estimates for fluid intelligence of twins was 64.00 per cent in the age group 5-6 years in Bhiwani district. The interpretation of data clearly indicated that remaining 36.00 per cent variance in fluid intelligence of twins in the same age group was attributed to environmental factors, while in Hisar district the heritability estimate was 69.00 per cent in the same age group. The interpretation of data clearly indicated that remaining 31.00 per cent influence of environmental factors on fluid intelligence of twins in the same the age group. On the conclusion of heritability estimates showed that the genetic influence on fluid intelligence of twins as increasing scores on heritability estimates with increasing age of twins.
Table 3: Heritability estimates for fluid intelligence among twins across different ages                                                                                      
	District
	Heritability (%)

	
	3-4 years
	4-5 years
	5-6 years

	Bhiwani
	43.00
	54.00
	64.00

	Hisar
	45.00
	58.00
	69.00




Fig 2: Heritability estimates for fluid intelligence among twins across different ages
Impact of intervention on fluid intelligence of twins 
As data presented in Table 4 revealed that the highly significant differences in mean values were found on all ages of twins for their fluid intelligence namely, 3-4 years (t=8.14**), 4-5 years (t=8.74**) and 5-6 years (t=6.78**). Further the data in this table also showed that highest increase in mean percentage was observed on age 3-4 years (53.70%) followed by 4-5 years (48.59%) and 5-6 years (43.60%). The results of present study highlighted that the intervention package highly significantly improved the intelligence scores of twins in all ages of twins, namely, 3-4 years, 4-5 years and 5-6 years in both Bhiwani and Hisar district. 
[bookmark: _GoBack]
Table 4: Impact of intervention on fluid intelligence of twins 			(N=90) 
	Age (in years)
	Pre-test (n=90) Mean±SD
	Post-test (n=90) Mean±SD
	Increase in mean (%)
	t Value

	3-4 
	(n=30)
	(n=30)
	5.8 (53.70)
	8.14**

	
	5.00±2.82
	10.80±2.70
	
	

	4-5 
	(n=30)
	(n=30)
	10.14 (48.59)
	8.74**

	
	10.73±3.45
	20.87±5.34
	
	

	5-6 
	(n=30)
	(n=30)
	11.96 (43.60)
	6.78**

	
	15.47±7.08
	27.43±6.58
	
	



Discussion
The fluid intelligence of twins was more in Bhiwani district as compared to Hisar district. Similar findings have been reported in previous research emphasizing the role of environmental quality in shaping early intellectual development. For instance, Tucker-Drob and Bates (2016) found that while genetic factors play a substantial role in intellectual ability, the influence of shared environment especially in lower socio-economic settings can have a noticeable effect during early developmental stages. This supports the notion that small differences in home stimulation, even within the same region or culture, may result in meaningful cognitive variations among young children.
	Twins at Bhiwani districts had more fluid intelligence than Hisar district in majority of the age groups. The results are in consonance with Womack et al. (2022) research found that twins regularly score nearly a standard deviation below the mean score on standardized measures of intellectual development and rapid gain in mean score in early childhood years. Moreover, growth in intellectual abilities of twins was observed to be most rapid in early childhood years. The findings were also in line with Deary et al. (2006) in which researcher assessed contribution of genetic and environmental influence in intelligence of twins and estimated that intelligence test scores are life-long stable traits.  The present study results were in congruence with another twin study of Oommen (2014) which revealed that the variability in intellectual abilities among different individuals is due to the interaction of genetic and environmental factors.
For fluid intelligence, the identical twins were more correlated with each than fraternal twins in both districts. A similar twin study indicated that larger resemblance of monozygotic twins than of dizygotic twins therefore is suggestive of genetic influences on twin resemblance (Leeuwen et al., 2008). Campos et al. (2019) highlighted that non-identical twins, who share only 50 per cent of their genetic material to be less similar than identical twins because of genetic material.  
	The heritability estimates showed that the genetic influence on fluid intelligence of twins as increasing scores on heritability estimates with increasing age of twins. The result of present twin study supported by another twin study and indicated that    heritability appears to increase with age and the influence of shared environment disappears in early adolescence (Bouchard and McGue, 2003). A meta-analysis of twin studies reported an average heritability of 56% for specific cognitive abilities, including fluid reasoning, indicating a substantial genetic contribution (Polderman et al., 2022). Additionally, another research suggested that the heritability of fluid intelligence may be moderated by socioeconomic factors, highlighting the complex interplay between genes and environment (Krapohl et al., 2021). The variability in fluid intelligence explained by additive genetic effects that are transmitted from parents to offspring (Alarcón et al., 2003). Another study indicated that intelligence is a multifaceted trait shaped by both genetic and environmental factors. Research on twins indicates that genetic influences account for a significant portion (50%–80%) of the variation in individual intelligence (Gupta and Sood, 2024). The influence of genetic and environmental factors varies across different traits. For intelligence, the correlation with other traits is mainly driven by genetic factors (Péter et al., 2024). Twin and family studies have shown that genetic differences contribute to individual variations in intelligence test scores. When data from all age groups are combined, genetics explain approximately 50% of the variability in intelligence, with a standard error of around 2%. However, heritability estimates vary by age, tending to be higher in adults reaching 70% or slightly more and lower in children, sometimes as low as 20–30%. This pattern of heritability has been consistently observed across diverse datasets from various countries and time periods (Deary et al., 2022).
The results of present investigation indicated that the intervention package highly significantly enhance the level of fluid intelligence in all ages of twins, namely, 3-4 years, 4-5 years and 5-6 years in both Bhiwani and Hisar district. An intervention study also demonstrated that targeted interventions can enhance the fluid intelligence levels of twins. (Torgesen, 2005).  Sisk et al. (2018) revealed that the individual differences in intelligence can be easily overcome with effective interventions provided during early childhood that enhance the fluid intelligence of twins by focusing on strength and weaknesses of twins. Interventions that focus on improving executive function, working memory, and attention have been shown to result in measurable gains in fluid reasoning skills (Ramey & Ramey, 2004; Blair & Raver, 2014). A twin study demonstrated that early intervention could alter intellectual trajectories among children from disadvantaged backgrounds, emphasizing the role of enriched home environments (Britto et al., 2022).
Conclusion
This twin study provides valuable insights into the dynamic interplay between genetic predisposition and environmental influences on the development of fluid intelligence during early childhood. The findings of the research highlights the significant role of both heredity and environment play in shaping early intellectual abilities. The findings stated that genetic factors account for a substantial proportion approximately 40–70% of the variability in fluid intelligence, as indicated by higher correlations among monozygotic twins. At the same time, the structured home-based intervention implemented during the study demonstrated a meaningful and measurable improvement in fluid intelligence levels, underscoring the importance of environmental enrichment, particularly during the early, formative years of life. Furthermore, the observation that the influence of genetic factors tends to increase with age within the 3–6 year range supports the developmental theory that genetic potential becomes more pronounced over time, especially as children interact more independently with their environment.
Recommendations
The present study recommended that introduce early cognitive intervention programs to enhance fluid intelligence during formative years. Encourage parental involvement in home-based learning activities that stimulate reasoning and problem-solving. Adopt individualized teaching strategies that account for genetic differences in cognitive abilities. Conduct longitudinal studies to examine long-term effects of early interventions on intelligence. Incorporate genetic insights into early childhood education and development policies.
Limitations
	The findings of the study may not be generalizable to all populations as the sample might be limited in diversity. The methods used may not fully capture the complexity of fluid intelligence or might lack cultural sensitivity. The study focuses on a narrow age range 3–6 years which may not reflect fluid intelligence development in later childhood.

References
Ade, A., Gupta, S. S., Maliye, C., Deshmukh, P. R., & Garg, B. S. (2010). Effect of improvement of pre-school education through Anganwadi center on intelligence and development quotient of children. Indian Journal of Pediatrics, 77(5), 541-546. https://doi.org/10.1007/s12098-010-0056-7
Alarcón, M., Plomin, R., Corley, R. P., & DeFries, J. C. (2003). Multivariate parent-offspring analyses of specific cognitive abilities. In S. A. Petrill, R. Plomin, J. C. DeFries, & J. K. Hewitt (Eds.), Nature, nurture, and the transition to early adolescence. Oxford University Press. https://doi.org/10.1093/acprof:oso/9780195157475.001.0001
Blair, C. (2006). How similar are fluid cognition and general intelligence? A developmental neuroscience perspective on fluid cognition as an aspect of human cognitive ability. Behavioral and Brain Sciences, 29(2), 109-125. https://doi.org/10.1017/S0140525X06009034
Blair, C., & Raver, C. C. (2014). Closing the achievement gap through modification of neurocognitive and neuroendocrine function: Results from a cluster randomized controlled trial of an innovative approach to the education of children in kindergarten. PLOS ONE, 9(11): e112393 https://doi.org/10.1371/journal.pone.0112393
Blokland, G. A. M., Mesholam-Gately, R. I., Toulopoulou, T., Del Re, E. C., Lam, M., DeLisi, L. E., Donohoe, G., Walters, J. T. R., GENUS Consortium, Seidman, L. J., & Petryshen, T. L. (2017). Heritability of Neuropsychological Measures in Schizophrenia and Nonpsychiatric Populations: A Systematic Review and Meta-analysis. Schizophrenia Bulletin, 43, 788–800. https://doi.org/10.1093/schbul/sbw146
Bouchard, T. J., & McGue, M. (2003). Genetic and environmental influences on human psychological differences. Journal of Neurobiology, 54(1), 4-45. https://doi.org/10.1002/neu.10160
Britto, P. R., Yoshikawa, H., & Boller, K. (2017). Home-based early intervention and the influence of family resources on cognitive development. Pediatrics, 139(4), e20163766. https://doi.org/10.1542/peds.2015-3766
Campos, A. I., Mitchell, B. L., & Rentería, M. E. (2019). Twins can help us understand how genes and the environment shape us. *Frontiers for Young Minds*, *7*(59). https://doi.org/10.3389/frym.2019.00059
Cattell, R. B. (1963). Theory of fluid and crystallized intelligence: A critical experiment. Journal of Educational Psychology. https://doi.org/10.1037/h0046743
Deary, I. J., Harris, S. E., & Hill, W. D. (2019). What genome-wide association studies reveal about the association between intelligence and physical health, illness, and mortality. Current Opinion in Psychology, 27, 6–12. https://doi.org/10.1016/j.copsyc.2018.07.005
Deary, I. J., Spinath, F. M., & Bates, T. C. (2006). Genetics of intelligence. European Journal of Human Genetics, 14, 690–700. https://doi.org/10.1038/sj.ejhg.5201588
Deary, I. J., Cox, S. R., & Hill, W. D. (2022). Genetic variation, brain, and intelligence differences. Molecular Psychiatry, 27, 335–353. https://doi.org/10.1038/s41380-021-01027-y
Duncan J 2010. How intelligence happens. Yale University Press: New Haven, C.T. https://www.google.co.in/books/edition/How_Intelligence_Happens/iJPvWAQtC5sC?hl=en&gbpv=0
Engle, P. L., Fernald, L. C. H., Alderman, H., Behrman, J., O'Gara, C., Yousafzai, A., Cabral de Mello, M., Hidrobo, M., Ulkuer, N., Ertem, I., Iltus, S., & Global Child Development Steering Group. (2011). Strategies for reducing inequalities and improving developmental outcomes for young children in low-income and middle-income countries. The Lancet, 378(9799), 1339-1353. https://doi.org/10.1016/S0140-6736(11)60889-1
Falconer DS 1960. Introduction to quantitative genetics. The Ronald Press Co., New York, USA: 36
Greenspan, N. S. (2022). Genes, Heritability, 'Race', and Intelligence: Misapprehensions and Implications. Genes, 13(2), 346. https://doi.org/10.3390/genes13020346
Gupta, P. D., & Sood, P. P. (2024). Factors influencing intelligence. Journal of Cell and Tissue Research, 24(2), 7477-7480. https://www.researchgate.net/publication/382500000_FACTORS_INFLUENCING_INTELLIGENCE
Haworth, C. M. A., Dale, P., & Plomin, R. (2008). A Twin Study into the Genetic and Environmental Influences on Academic Performance in Science in nine-year-old Boys and Girls. International Journal of Science Education, 30(8), 1003-1025. https://doi.org/10.1080/09500690701324190
Haworth, C. M. A., Wright, M. J., Luciano, M., Martin, N. G., de Geus, E. J. C., van Beijsterveldt, C. E. M., Bartels, M., Posthuma, D., Boomsma, D. I., Davis, O. S. P., Kovas, Y., Corley, R. P., DeFries, J. C., Hewitt, J. K., Olson, R. K., Rhea, S.-A., Wadsworth, S. J., Iacono, W. G., McGue, M., Thompson, L. A., Hart, S. A., Petrill, S. A., Lubinski, D., & Plomin, R. (2010). The heritability of general cognitive ability increases linearly from childhood to young adulthood. Molecular Psychiatry, 15(11), 1112–1120. https://doi.org/10.1038/mp.2009.55
Rask-Andersen, M., Karlsson, T., Ek, W. E., & Johansson, Å. (2021). Modification of heritability for educational attainment and fluid intelligence by socioeconomic deprivation in the UK Biobank. American Journal of Psychiatry, 178(7), 625–634. https://doi.org/10.1176/appi.ajp.2020.20040462
van Leeuwen, M., van den Berg, S. M., & Boomsma, D. I. (2008). A twin-family study of general IQ. Learning and Individual Differences, 18(1), 76-88. https://doi.org/10.1016/j.lindif.2007.04.006
Malanchini, M., Rimfeld, K., Allegrini, A. G., Ritchie, S. J., & Plomin, R. (2020). Cognitive ability and education: How behavioural genetic research has advanced our knowledge and understanding of their association. Neuroscience & Biobehavioral Reviews, 111, 229-245. https://doi.org/10.1016/j.neubiorev.2020.01.016
Oommen, A. (2014). Factors influencing intelligence quotient. Journal of Neurology & Stroke, 1(4), 129–133. https://doi.org/10.15406/jnsk.2014.01.00023
Ujma, P. P., Piroska, M., Szabó, H., Mladoneczki-Leszkó, D., Tárnoki, Á. D., & Tárnoki, D. L. (2024). The genetics of intelligence and social outcomes in a Hungarian twin sample. Personality and Individual Differences. https://doi.org/10.1016/j.paid.2024.112683
Ujma, P. P., Piroska, M., Szabó, H., Mladoneczki-Leszkó, D., Tárnoki, Á. D., & Tárnoki, D. L. (2024). The genetics of intelligence and social outcomes in a Hungarian twin sample. Personality and Individual Differences, 225, 112683. https://doi.org/10.1016/j.paid.2024.112683
Plomin, R., & von Stumm, S. (2018). The new genetics of intelligence. Nature Reviews Genetics, 19(3), 148-159. https://doi.org/10.1038/nrg.2017.104
Plomin, R., & Deary, I. J. (2015). Genetics and intelligence differences: Five special findings. Molecular Psychiatry, 20(1), 98–108. https://doi.org/10.1038/mp.2014.105
Polderman, T. J. C., Benyamin, B., de Leeuw, C. A., Sullivan, P. F., van Bochoven, A., Visscher, P. M., & Posthuma, D. (2015). Meta-analysis of the heritability of human traits based on fifty years of twin studies. Nature Genetics. https://doi.org/10.1038/ng.3285
Posthuma, D., de Geus, E. J. C., Baaré, W. F. C., Hulshoff Pol, H. E., Kahn, R. S., & Boomsma, D. I. (2002). The association between brain volume and intelligence is of genetic origin. Nature Neuroscience, 5, 83–84. https://doi.org/10.1038/nn0202-83
Ramey, C. T., & Ramey, S. L. (2004). Early learning and school readiness: Can early intervention make a difference?. Merrill-Palmer Quarterly, 50(4), 471–491. https://doi.org/10.1353/MPQ.2004.0034
Sisk, V. F., Burgoyne, A. P., Sun, J., Butler, J. L., & Macnamara, B. N. (2018). To what extent and under which circumstances are growth mind-sets important to academic achievement? Two meta-analyses. Psychological Science, 29(4), 549–571. https://doi.org/10.1177/0956797617739704
Terman, L. M., & Merrill, M. A. (1960). *Stanford-Binet Intelligence Scale: Manual for the Third Revision Form L-M*. Houghton Mifflin. https://books.google.com/books/about/Stanford_Binet_Intelligence_Scale.html?id=y_0oAAAAYAAJ
Torgesen, J. K. (2005). Recent discoveries on remedial interventions for children with dyslexia. In M. J. Snowling & C. Hulme (Eds.), The science of reading: A handbook. https://doi.org/10.1002/9780470757642.ch27
Tucker-Drob, E. M., & Bates, T. C. (2016). Large cross-national differences in gene × socioeconomic status interaction on intelligence. Psychological Science, 27(2), 138–149. https://doi.org/10.1177/0956797615612727
Tucker-Drob, E. M., Briley, D. A., & Harden, K. P. (2013). Genetic and environmental influences on cognition across development and context. Current Directions in Psychological Science, 22(5), 349–355. https://doi.org/10.1177/0963721413485087
Womack, S. R., Beam, C. R., Davis, D. W., Finkel, D., & Turkheimer, E. (2022). Genetic and environmental correlates of the nonlinear recovery of cognitive ability in twins. Developmental Psychology, 58(3), 535–550. https://doi.org/10.1037/dev0001305
Zheng, Y., Rijsdijk, F., & Arden, R. (2018). Differential environmental influences on the development of cognitive abilities during childhood. Intelligence, 66, 72-78. https://doi.org/10.1016/j.intell.2017.11.005.




3-4 years	Monozygotic	Dizygotic	Monozygotic	Dizygotic	Bhiwani	Hisar	Correlation Coefficient (r)	0.64000000000000101	0.42000000000000032	0.45	0.22000000000000011	4-5 years	Monozygotic	Dizygotic	Monozygotic	Dizygotic	Bhiwani	Hisar	Correlation Coefficient (r)	0.74000000000000088	0.47000000000000008	0.64000000000000101	0.35000000000000031	5-6 years	Monozygotic	Dizygotic	Monozygotic	Dizygotic	Bhiwani	Hisar	Correlation Coefficient (r)	0.88000000000000045	0.56000000000000005	0.67000000000000115	0.33000000000000057	Correlation co-efficient (r)


Bhiwani	
3-4 years	4-5 years	5-6 years	Heritability (%)	43	54	64	Hisar	
3-4 years	4-5 years	5-6 years	Heritability (%)	45	58	69	
Heritability





