
 

~ 2207 ~ 

The Pharma Innovation Journal 2022; SP-11(6): 2207-2211 

  
 
 
 
 
 
 

 

 

 
ISSN (E): 2277-7695 

ISSN (P): 2349-8242 

NAAS Rating: 5.23 

TPI 2022; SP-11(6): 2207-2211 

© 2022 TPI 

www.thepharmajournal.com 

Received: 15-03-2022 

Accepted: 18-04-2022 

 

Annu 

Ph.D. Scholar, Human 

Development and Family 

Studies Department, I.C. College 

of Home Science, Chaudhary 

Charan Singh Haryana 

Agricultural University,  

Hisar, Haryana, India 

 

Bimla Dhanda 

Dean and Professor,  

I.C. College of Home Science, 

Chaudhary Charan Singh 

Haryana Agricultural 

University, Hisar, Haryana, 

India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author 

Annu 

Ph.D. Scholar, Human 

Development and Family 

Studies Department, I.C. College 

of Home Science, Chaudhary 

Charan Singh Haryana 

Agricultural University,  

Hisar, Haryana, India 

 

 

 

 

 

 

 

 

 
 

 

Genetic and environmental contribution on intellectual 

abilities during early childhood: A twin study 

 
Annu and Bimla Dhanda 

 
Abstract 
Individual differences in intellectual abilities are highly heritable in the early childhood. Twin 

investigation has supported the concept of intellectual abilities by showing the genetic and environmental 

contributions on intelligence of twins. The contribution of genetic architecture was ranging from 50-67% 

in the variations of intellectual abilities of twins in early years of life. The sample size for present study 

comprised of 150 pairs of twins with the age group 3-6 years from two districts, namely: Bhiwani (N = 

174) and Hisar (N = 126) of Haryana State. The contribution of genetic and environmental factors was 

examined in twin study design. The intellectual abilities of twins were measured using the Stanford Binet 

Intelligence Scale (Terman and Merrill, 1960) [10]. Language stimulation and physical environment 

aspects of home environment was measured by using the Home Observation for Measurement of the 

Environment (HOME) (Caldwell and Bradley, 1984). Heritability estimate was used to examine the 

genes contributed to shape the intellectual abilities of twins in early years of life. The result of heritability 

estimates revealed that the heritability estimates of intellectual abilities was from 50 percent to 67 percent 

from the age group 3-6 years. The findings clearly elucidated that the intellectual abilities were more 

influenced by genetic architecture than the environmental factors during early childhood period. The 

monozygotic twins were more correlated in their intellectual abilities than the dizygotic twins. The home 

environmental aspects were also significantly associated with intellectual abilities of twins in early years. 

 

Keywords: Genetic, heritability estimate, environment, monozygotic twins, dizygotic twins 

 

Introduction 

Behavioural genetics studies have sharpened focused on genetics of intelligence and 

considered that intelligence is a highly stable and heritable trait. Twin study design estimates 

the relative contribution of heritability in shaping the intelligence of twins. Intelligence differs 

from individual to individual similar to any other human traits. Intelligence is important 

scientifically and socially. Intelligence is one of the best predictors of key outcomes such as 

education and occupational status. People with higher intelligence tend to have better mental 

and physical health and fewer illnesses throughout the life course, and longer lives (Deary, 

2013) [21]. It is one of the essential elements of life outcomes such as education, occupation, 

mental and physical health and illness, and mortality. Intelligence is one of the most heritable 

behavioural traits (Plomin and Deary, 2015) [3]. 

 Heritability is a statistics that describes the amount of variance in a trait that can be attributed 

to genetic differences in a given population (Malanchini et al. 2020) [8]. It is not a constant 

value and varies for a trait depending on when in the developmental process like neonate, child 

and adult (Greenspan, 2022) [7]. Both genetic heritage and environmental circumstances 

responsible for varies in intelligence of twins start from the prenatal period (Davies et al. 

2011) [24]. The genetic studies have shown that intellectual abilities are heritable, highly 

polygenic, and that shared genetic factors account for part of their observed co-variation 

(Deary et al. 2019) [19]. The genetic influences are an important component of variation for 

almost all human traits. Penke et al. (2007) [25] stated that the specific intellectual abilities are 

determined by circumscribed sets of function-specific genes but that general intelligence is 

likely be affected by nearly any gene, anywhere on the genome.  

Most behavioural genetic studies, including comparing monozygotic and dizygotic twins, are 

often used to evaluate the extent to which variations in human abilities like intelligence are the 

result of contribution of genetic material and environmental factors. Identical (monozygotic) 

twins’ pairs showed closer similarities than non-identical (dizygotic) twin pairs at later ages 

and that indicates a genetic contribution to variation in a trait because the only real difference 

between the two types of twins is that identical twin pairs are twice as similar genetically. 
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Intelligence performance is determined by both genetic 

potential and environmental factors. Although about 50 per 

cent of variation in intelligence among individuals is 

contributed to genetic factors (Deary et al. 2009) [19]. The 

genetic and environmental influences on intelligence are not 

static, rather they change and shift during development 

(Zheng et al. 2019) [11]. Both nature and nurture contributed to 

the development of intelligence throughout the first 16 years 

of life, whereas considerable genetic influences at each age 

and modest shared environmental influences were observed 

within and across ages (Petrill et al. 2013) [9]. 

Early childhood period is crucial period for brain 

development in order to provide distinctive relationships 

between neural system development and intellectual 

functioning. Early brain development over the preschool years 

support more efficient information processing abilities 

(Tsujimoto, 2008) [22]. Schumann et al. 2007 [23] revealed that 

gray matter volume was significantly positively correlated 

with general intelligence and verbal intelligence. The early 

and lasting experiential effects are likely to operate 

differentially by gene expression. The stability of genetic 

influences are lower on intellectual abilities in early childhood 

as variation in environmental experiences over time serves to 

activate different sets of genes, but increasing stability of 

genetic influences over development as later experiences 

become less effective in activating or deactivating genetic 

variation. Most of the researches emphasized that intellectual 

ability is also shaped by environmental and social factors and 

stated that the early life interventions effectively addressed 

the intellectual performance during early childhood. Early life 

intervention promote favourable family environment for 

young children, reach their full intellectual potential (Engle et 

al. 2011) [18]. 

 

Material and Methods 

Study Design: The objective of twin investigation was to 

examine the contribution of genetic and environmental factors 

on intellectual abilities of twins during 3-6 years. The study 

was carried out in two districts namely: Bhiwani (N = 174) 

and Hisar (N = 126) of Haryana state. The purpose of 

selection of state Haryana was availability of maximum 

numbers of twins in the required age group of 3-6 years. To 

examine the intellectual abilities of twins, total 150 pairs of 

twins were selected from two districts with the age group 3-

to-6 years.  

 

Data collection: Data was collected by using assessment, 

interview, observation and questionnaire method from the 

twins and their parents as well.  

 

Tool: The intellectual abilities of twins were measured by 

Stanford Binet Intelligence Scale (Terman and Merrill, 1960) 

[10] and Home Observation for Measurement of the 

Environment (HOME) (Caldwell and Bradley, 1984) [4]. 

 

Statistical Analysis: The statistical analysis performed in 

software SPSS (Statistical Package for the Social Sciences). 

Correlation coefficient, Chi-square test and heritable estimate 

were used to meet the objectives of the twin study. 

Heritability estimates (h2) were calculated by the following 

formula given by Falconer (1960) [6], 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. Correlation 

coefficient was used to find the correlation between the 

intellectual abilities of twins. 

 

Results of study 

The results obtained from the present twin investigation have 

been summarized under following heads: 

 

Heritability estimates for intellectual abilities of twins 

during 3-6 years 

The data presented in Table 1 revealed that the heritability 

estimates for intellectual abilities was 67.00 percent in 

Bhiwani district. The interpretation of data clearly indicated 

that remaining 33.00 per cent variations in intellectual 

abilities of twins was attributed to environmental 

circumstances in Bhiwani district. Further, the data in this 

table showed that the heritability estimates for intellectual 

abilities was 50 percent and remaining 50.00 percent 

variations in intellectual abilities of twins due to 

environmental factors in Hisar district. On conclusion, it was 

observed the contribution of genetic in intellectual abilities of 

twins was more as compared to environmental factors.  

 
Table 1: Heritability estimates for intellectual abilities of twins 

during 3-6 years 
 

District 
Intellectual abilities 

Heritability estimate (%) 

Bhiwani 67.00 

Hisar 50.00 

 

 
 

Fig 1: Heritability estimates for intellectual abilities of twins during 

3-6 years 

 

Correlation co-efficient among monozygotic and dizygotic 

twins for intellectual abilities in both districts 

The data in Table 2 revealed regarding the correlation 

coefficient of monozygotic and dizygotic twins for 

intellectual abilities of twins from 3 to 6 years. The data 

clearly indicated that the correlation coefficient(r) of 

monozygotic twins for intellectual abilities in age group 3-6 

years was 0.88 in Bhiwani district and 0.87 in Hisar district. 

Further the data in this table portrait regarding the dizygotic 

twins, the correlation coefficient(r) was 0.55 and 0.62 in 

Bhiwani and Hisar years respectively for intellectual abilities 

of twins during 3-6 years. The result provided robust evidence 

that the monozygotic twins were more correlated with each 

other than the dizygotic twins. The monozygotic twins in 

Bhiwani district were more correlated with each other in 

intellectual abilities than Hisar district. 
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Table 2: Correlation co-efficient among monozygotic and dizygotic twins for intellectual abilities in both districts 
 

District 
Correlation co-efficient (r) for intellectual abilities 

Monozygotic twins Dizygotic twins 

Bhiwani 0.88 0.55 

Hisar 0.87 0.62 

 

 
 

Fig 2: Correlation co-efficient among monozygotic and dizygotic twins for intellectual abilities in both districts 
 

Association of intelligence of twins with home 

environment in Bhiwani district 

The data in Table 3 indicated that intellectual abilities of 

twins were associated with dimensions of home environment, 

namely, language stimulation (χ2=11.61*) and physical 

environment (χ2=6.89*), at Bhiwani district. 

 
Table 3: Association of intellectual abilities of twins with home environment in Bhiwani district 

 

Home environment 
Intellectual abilities 

Low Moderate High Total χ2 

Language stimulation 

Below average 24(13.79) 15(8.62) 5(2.87) 44(25.29) 

11.61* Above average 36(20.69) 57(32.76) 37(21.26) 130(74.71) 

Total 60(34.48) 72(41.38) 42(24.14) 174(100.00) 

Physical environment 

Below average 21(12.07) 20(11.49) 5(2.87) 46(26.44) 

6.89* Above average 39(22.41) 52(29.89) 37(21.26) 128(73.56) 

Total 60(34.48) 72(41.38) 42(24.14) 174(100.00) 

 

Association of intellectual abilities of twins with home 

environment in Hisar district 
The data in Table 4 revealed that intellectual abilities of twins 

was not associated with dimensions of home environment, 

namely, language stimulation (χ2=1.50) and physical 

environment (χ2=1.50) at Hisar district. 

 
Table 4: Association of intellectual abilities of twins with home environment in Hisar district 

 

Home environment 
Intellectual abilities 

Low Moderate High Total χ2 

Language stimulation 

Below average 8(6.35) 5(3.97) 5(3.97) 18(14.29) 

1.50 Above average 43(34.13) 45(35.71) 20(15.87) 108(85.71) 

Total 51(40.48) 50(39.68) 25(19.84) 126(100.00) 

Physical environment 

Below average 12(9.52) 7(5.56) 5(3.97) 24(19.05) 

1.50 Above average 39(30.95) 43(34.13) 20(15.87) 102(80.95) 

Total 51(40.48) 50(39.68) 25(19.84) 126(100.00) 

 

Discussion 

The results on heritability estimates indicated that more 

genetic influence on intellectual abilities of twins as compared 

to environmental factors in both Bhiwani and Hisar district. 

The present study was supported by another twin study of 

Davies et al. (2018) [13] calculated heritability estimates for 

intellectual abilities of twins and found that the impact of 

genetics was significant on intellectual abilities of twins. 

Savage et al. (2018) [15] conducted twin study and emphasized 

that complex polygenicity, means influenced by many genes 

of intellectual abilities by identifying hundreds of relevant 

genes. Moreover, intellectual abilities of twins were more 
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~ 2210 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

influence by genetic factors than environmental factors. 

Plomin et al. (2013) [14] twin study had consistently shown 

that genetic influence on individual differences in intelligence 

is substantial.  

The dimensions of home environment, namely, language 

stimulation, physical environment were associated with 

intellectual abilities of twins in Bhiwani district. The results 

of present study concordant with Bouchard (2013) [12] 

supported that the more home environmental influences on 

intelligence of twins than the genetic influence in early years 

of life. The researcher also suggested that the home 

environment of children is relevant for their intellectual 

outcomes. The variance in intelligence is the cognitively 

stimulating experiences that the individual is provided with 

and seeks for him/herself and the experiences are primarily 

imposed on the individual in early years of life. Sundet et al. 

(2005) [16] emphasized on the fact that intelligence was 

influenced by shared environmental factors which are 

important component of variation intelligence. Chiang et al. 

(2011) [8] observed that the heritability estimates for 

intellectual measures was greater in individuals from a higher 

socio-economic back ground. The Gene-Environment 

correlation is present when genetic effects result in 

phenotypic differences that in turn affect environmental 

exposures within individuals and, in some extended twin-

family designs, within families (Dolan et al. 2014) [17]. 

The correlation co-efficient among monozygotic twins was 

more as compared to dizygotic twins for intellectual abilities. 

The results were supported by similar results that about 70% 

of the variance in intellectual abilities found in their particular 

sample of identical twins was found to be associated with 

genetic variation. The results of present study line with Sahu 

and Prasuna (2016) [1] supported that the twin study design 

depended on studying twins raised in the same family 

environments, which provides control not only for genetic 

background but also for shared environment in early life. The 

excess similarity is seen between the identical twins when a 

researcher compares the similarity between sets of identical 

twins to the similarity between sets of fraternal twins for a 

trait or condition, then most probably the reason behind this 

similarity is due to genes rather than environment. Another 

study (Joseph, 2022) [2] stated that intellectual abilities are 

strongly affected by genetic material. Plomin and Deary 

(2015) [3] emphasized that intelligence is also one of the most 

stable behavioural traits, yielding a correlation of 0.63 in a 

study of twins. 

 

Conclusion 

The results of present twin study investigation revealed that 

the contribution of genetic was ranging from 50-67% on 

variations of intellectual abilities of twins and remaining 

variations in intellectual abilities of twins was attributed to 

environmental circumstances. The variations in intelligence of 

twins more attributed to genetic material than environmental 

experiences in early childhood. The monozygotic twins were 

more correlated for intelligence of twins than dizygotic twins. 

The home environmental factors were also responsible for 

shaping the intelligence of twins.  
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