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Reading comprehension refers to the capacity of an individual to comprehend and interpret the intended message

of an author through written text in the most objective manner possible. 
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1. Introduction

In the field of reading research, there are two important concepts, namely reading comprehension and reading

competence. Reading comprehension refers to the capacity of an individual to comprehend and interpret the

intended message of an author through written text in the most objective manner possible . Meanwhile, reading

competence involves the ability to understand, use, reflect, and write text. However, there is currently no

consensus on the exact relationship between the concept of reading comprehension and reading competence.

Jiménez-Pérez pointed out that reading comprehension is a subset of reading competence, suggesting that

reading competence encompasses a broader set of skills beyond just understanding written texts . From this

perspective, reading competence pertains to an individual’s ability to effectively apply their reading comprehension

skills in various social contexts  and this ability can help individuals achieve their goals, develop their knowledge

and potential, and eventually integrate into society . Therefore, reading competence has been viewed as one of

the most important abilities necessary for people to study and work successfully . According to the research of

Rogiers et al., reading performance not only has the potential to predict academic success but also plays a

significant role in promoting social participation . Numerous studies, including the work of Ding and Homer, have

highlighted the importance of reading proficiency in facilitating the learning of various subjects . Furthermore,

international assessments such as the Progress in International Reading Literacy Study (PIRLS), the Programme

for International Student Assessment (PISA), and the National Assessment of Educational Progress (NAEP) have

all conducted evaluations specifically focused on reading competence. In the past decades, reading education has

received an increasing amount of attention in school education  because acquiring reading skills is thought to be

a prerequisite for all other school-related successes .

In contemporary China, traditional reading teaching methods, which were centered around the teacher, focused on

knowledge acquisition, and relied heavily on tests, have gradually been phased out. Reading education in modern

times, under the guidance of enhancing core competencies, prioritizes the establishment of a favorable curriculum

implementation environment that fosters active learning, self-directed learning, cooperative communication,

analysis, and problem-solving abilities among students . The “Chinese Language Curriculum Standards for
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Compulsory Education in China (2022 Edition)” clearly states that by the end of primary school, students’

extracurricular reading should not be less than 4 million words . These data reflect the importance that the

education department attaches to students’ extracurricular reading. Indeed, Chinese senior students in primary

school are encouraged to engage in extensive reading, with a preference for extracurricular reading materials

related to the subject matter. Solely relying on schools for enhancing students’ reading skills through both in-class

and extracurricular reading may be challenging, and it necessitates the active involvement of families. Therefore,

the collaboration between families and schools plays an indispensable role in improving primary school students’

reading competence.

However, currently in China, the family–school collaboration system in reading instruction for upper-grade primary

school students is incomplete, mainly manifested in the following aspects : First, the teaching evaluation is

inefficient, and it cannot promote family–school collaboration through evaluation. Second, the school-based family–

school collaboration curriculum is lacking, and it is difficult to improve the level of family–school collaboration based

on reading using only textbooks and extracurricular reading materials prepared by parents. Third, family–school

collaboration lacks comprehensiveness, and students fail to develop comprehensively in reading activities, thus

reducing the quality of family–school collaboration in reading instruction. In summary, it can be seen that in the

construction of the family–school collaboration system in upper-grade primary school reading instruction, almost all

evaluations emphasize the dominant position of schools. In other words, all evaluations focus on the school side in

the construction of the family–school collaboration system, while the family side is relatively neglected. Therefore, it

becomes very important to explore and strengthen the family factors that influence children’s reading competence.

Meanwhile, compared to other subject areas, such as mathematics, reading achievement has been proven to be

more strongly influenced by family factors , such as parental home supervision. Therefore, exploring the

relationship between family factors and children’s reading performance is of great practical significance. Some

studies showed that home supervision, which is a widely used rearing strategy, especially in China, was

significantly correlated with children’s academic achievement . However, some G × E (Gene × Environment

interaction) research suggested that the relationship between family factors and children’s behavioral outcomes

may be affected by some individual characteristics; specifically, the relationship may be moderated by genes 

.

2. Home Supervision and Children’s Reading Achievements

The school work of Chinese students is usually conducted under external supervision  because the Chinese

generally value the virtues of filial piety and the importance of education . Therefore, home supervision is a

widely used rearing strategy in China . Home supervision or home monitoring is a set of correlated parenting

behaviors involving attention to and tracking of a child’s whereabouts, activities, and adaptations . Indeed, home

supervision has been widely proven to be associated with children’s academic achievements ; however, the

results were mixed. Specifically, on the one hand, some studies have found that home supervision could positively

predict children’s academic achievements. A meta-analysis showed that home supervision had a significant but

weak relationship with children’s academic achievements compared to other dimensions of parental involvement
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. Similarly, a longitudinal study analyzed 763 parents and children from the fifth to eighth grade and it showed

that, when controlling for demographics, there was a significant positive effect of parental monitoring on GPA

(Grade Point Average) . In addition to general home supervision, a meta-analysis was used to examine the

relationship between homework checking (one specific home supervision activity) and academic achievement and

revealed that it was positively associated with students’ learning .

However, on the other hand, there were also some inconsistent findings. In some research, a negative relationship

was obtained. For example, Guo et al. explored the relationship between family SES (family socioeconomic status)

and reading achievement, and the results showed that home monitoring played a critical mediating role between

family SES and reading achievement; that is, home monitoring could negatively predict children’s reading

achievement, but this effect was only true for girls . Similarly, McNeal’s study revealed that home monitoring was

negatively correlated with children’s science achievements and that this effect was moderated by family SES .

However, there have been other different findings. Graves et al. found that parental control of children’s TV time

may have both positive and negative effects on children’s reading achievements . While Jeynes’s meta-analysis

revealed that, although it was positively related to student academic achievements, enforcing household rules did

not have significant impacts . Similar to Jeynes’s meta-analysis, the meta-analysis of Tan et al. found that there

was no significant relationship between parental supervision of their children and children’s academic

achievements (M = 0.01, p > 0.05) . However, there are significant variations (Q (df) = 697.78(29), I  = 95.84) in

this relationship among different populations, suggesting that there may be potential moderators for this

relationship.

Therefore, the previous findings did not show agreement in the relationship between parental home supervision

and children’s reading achievements. These inconsistent findings show that different people may have different

susceptibilities to the home supervision rearing strategy and thus demonstrate different relationships between

home supervision and children’s reading outcomes.

3. The DYX1C1 Gene and Children’s Reading Achievements

In fact, a number of studies have shown that reading skills have a genetic basis. A twin study showed that reading

achievements have a genetic basis of approximately 50 percent or more . Another study also found a high

degree of familial clustering of dyslexia, with nine loci identified as being associated with dyslexia in general .

Among these foci, the DYX1C1 (dyslexia susceptibility 1 candidate gene 1) gene at the DYX1C1 locus was the first

identified and widely confirmed susceptibility gene to be associated with dyslexia . Taipale et al. found that

nucleotide polymorphisms of the DYX1C1 gene (−3G > A and 1249G > T) were associated with dyslexia by

mapping the breakpoint of a translocation precisely on the short arm of chromosome 15 (15q21DYX1) .

Recently, several DYX1C1 loci have been shown to be associated with dyslexia, and among these studies, three

polymorphisms were proven to be associated with reading achievements, namely, rs3743205, rs11629841, and

rs8040756 . For instance, the rs3743205 polymorphism of the DYX1C1 gene affects reading and writing,

rapid reading, phonological recall, and spelling abilities by affecting the migration of neurons . The rs11629841
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polymorphism was also found to be significantly associated with dyslexia  and the protein encoded by the

rs11629841 polymorphism of the DYX1C1 gene may be involved in neuronal migration and the development of

axons, and therefore, abnormal expression of related genes may lead to disordered neuronal migration and

development of axons, further affecting cerebral cortex and thalamus function, resulting in phonological awareness

and word-reading deficits . Similarly, rs8040756 was proven to be strongly related with reading competence in

the general Australia population . In this study, the DYX1C1 gene rs3743205, rs11629841, and rs8040756

polymorphisms were selected to investigate their moderating effects on the relationship between home supervision

and children’s reading achievements.

4. Studies on the Interaction of Genes and Environment

Notably, much of the previous research was merely focused on the unilateral effects of genetic or family factors on

children’s reading achievements; there were a few studies that have examined the effects of gene and environment

interactions on children’s reading achievements. However, the relationship between family factors and children’s

reading achievements may be moderated by genes . Currently, there are three mainstream models for

the interaction between genes and the environment, namely, the diathesis–stress model, the differential

susceptibility model, and the vantage sensitivity model. The diathesis–stress model, originally proposed by

Rosenthal  to explain the etiology of schizophrenia, uses the term “diathesis” as a synonym for vulnerability,

which includes genetic, biological, physiological, cognitive, and personality factors . The diathesis–stress model

(see Figure 1a) suggests that individuals who carry risk alleles or susceptible genes are more susceptible to an

adverse environment and consequently show problematic behaviors; but, in a supportive environment, whether the

individual carries susceptible genes or not, their behavior will not show significant differences . In 1997, Belsky

expanded on the diathesis–stress model and proposed the differential susceptibility model based on evolutionary

thinking to explain how individuals reproduce , that is, the different susceptibility of individuals is a product of

evolution, and natural selection mechanisms allow parents to produce offspring with different susceptibilities to the

environment, because in uncertain and unpredictable situations, this is the most advantageous way for offspring to

reproduce. The differential susceptibility model (see Figure 1b) is based on the idea that individuals carrying

susceptible genes will become better in a positive environment and show more behavioral problems in an adverse

environment; that is, the individuals carrying susceptible genes will be affected by both favorable and adverse

environments . More recently, the vantage sensitivity model has been introduced by Sweitzer  to describe the

different responses of individuals to positive environmental factors. The vantage sensitivity model (see Figure 1c)

assumes that individuals carrying plastic/susceptible genes are more susceptible to positive environments but less

susceptible to negative environments, regardless of whether they carry susceptibility genes . All these three

models are usually used to explain how different genetic susceptibilities respond to external environmental factors.
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Figure 1. Three genes vs. environment models: (a) diathesis–stress model; (b) differential susceptibility model; (c)

vantage sensitivity model. Note: The two lines in each graph represent individuals with different genetic bases. This

figure is based on the literatures of Rosenthal , Belsky , and Sweitzer .

Some studies have supported the diathesis–stress model. For example, one study found that there was an

interaction between DYX1C1–1259C/G and environmental factors (maternal smoking during pregnancy, birth

weight, and family socioeconomic status) and this interaction was consistent with the diathesis–stress model,

whereby a less supportive environment combined with a vulnerability gene may be associated with a greater risk of

developing overt dyslexia, while the risk may remain relatively constant in a supportive environment . Similarly,

another study explored the reading achievement of Han children and found there was a significant interaction

between the rs57809907 polymorphism of the DYX1C1 gene and the family’s library size which indicated that this

interaction was also in line with the diathesis–stress model ; that is, when the family’s library size was small, the

influence of genetic factors was greater.

However, in other cases, some studies supported the vantage sensitivity model. The study of Kegel et al. showed

that when children with a DRD4–gene 7R (7-repeat) allele received positive feedback, they showed higher literacy

skills . However, among those who did not receive positive feedback, there were no significant differences in

literacy skills among children with different genotypes. Additionally, there were some findings showing that

children’s reading performance may be affected by both positive and negative environments, which supports the

differential susceptibility model. For instance, Zhao et al. found that there was a significant interaction between

CGS of KIAA0319 and parental education level on reading fluency in Chinese grade three to grade six primary

school students and this interaction fit the differential susceptibility model well . Specifically, in a positive

environment, characterized by higher parental educational levels, children with a lower CGS of KIAA0319

demonstrated superior reading fluency compared to children with a higher CGS. Similarly, Plak et al. conducted a

randomized controlled trial and found that there was a significant three-way interaction among the CLT pretest,

Living Books intervention, and the DRD4-gene 7R and that this interaction was consistent with the differential

susceptibility model . Specifically, children with delays who carry the DRD4-gene 7R benefited the most from the

Living Books intervention.

References

[39] [42] [44]

[16]

[18]

[15]

[46]

[17]



DYX1C1 Gene on Chinese Children’s Reading Achievements | Encyclopedia.pub

https://encyclopedia.pub/entry/51640 6/9

1. Jiménez-Pérez, E. Comprensión Lectora vs. Competencia Lectora: Qué Son Y Qué Relación
Existe Entre Ellas. Investig. Sobre Lect. 2014, 1, 65–74.

2. Eklund, K.; Torppa, M.; Sulkunen, S.; Niemi, P.; Ahonen, T. Early Cognitive Predictors of PISA
Reading in Children with and without Family Risk for Dyslexia. Learn. Individ. Differ. 2018, 64, 94–
103.

3. Smith, M.C.; Mikulecky, L.; Kibby, M.W.; Dreher, M.J.; Dole, J.A. What Will Be the Demands of
Literacy in the Workplace in the next Millennium? Read. Res. Q. 2000, 35, 378–383.

4. Rogiers, A.; Van Keer, H.; Merchie, E. The Profile of the Skilled Reader: An Investigation into the
Role of Reading Enjoyment and Student Characteristics. Int. J. Educ. Res. 2020, 99, 101512.

5. Ding, H.; Homer, M. Interpreting Mathematics Performance in PISA: Taking Account of Reading
Performance. Int. J. Educ. Res. 2020, 102, 101566.

6. Shu, H.; Li, W.; Ku, Y.; Anderson, R.; Wu, X.; Zhang, H.; Xuan, Y. The Role of Home Literacy
Environment in Children’s Reading Development. Psychol. Sci. 2002, 25, 136–139.

7. Farkas, G. Human Capital or Cultural Capital? Ethnicity and Poverty Groups in an Urban School
District; Aldine de Gruyter: New York, NY, USA, 1996.

8. Khine, M.S.; Fraser, B.J.; Afari, E.; Liu, Y. Language Learning Environments and Reading
Achievement among Students in China: Evidence from PISA 2018 Data. Learn. Environ. Res.
2022, 26, 31–50.

9. Gao, J. A Study on Enhancing the Effectiveness of Extracurricular Reading in Late Primary
School through Family-School Collaboration. Contemp. Fam. Educ. 2023, 32–35.

10. Zhang, S. Exploring the Path of Implementing Family-School Collaboration in Reading Instruction
for Upper Primary Grades. Contemp. Fam. Educ. 2023, 46–48.

11. Marjoribanks, K. Environments, Adolescents’ Aspirations and Young Adults’ Status Attainment.
Educ. Stud. 1989, 15, 155–164.

12. Mercy, J.A.; Steelman, L.C. Familial Influence on the Intellectual Attainment of Children. Am.
Sociol. Rev. 1982, 47, 532.

13. Crouter, A.C.; MacDermid, S.M.; McHale, S.M.; Perry-Jenkins, M. Parental Monitoring and
Perceptions of Children’s School Performance and Conduct in Dual- and Single-Earner Families.
Dev. Psychol. 1990, 26, 649–657.

14. Kurdek, L.A.; Fine, M.A.; Sinclair, R.J. School Adjustment in Sixth Graders: Parenting Transitions,
Family Climate, and Peer Norm Effects. Child Dev. 1995, 66, 430.

15. Kegel, C.A.T.; Bus, A.G.; van IJzendoorn, M.H. Differential Susceptibility in Early Literacy
Instruction through Computer Games: The Role of the Dopamine D4 Receptor Gene (DRD4).



DYX1C1 Gene on Chinese Children’s Reading Achievements | Encyclopedia.pub

https://encyclopedia.pub/entry/51640 7/9

Mind Brain Educ. 2011, 5, 71–78.

16. Mascheretti, S.; Bureau, A.; Battaglia, M.; Simone, D.; Quadrelli, E.; Croteau, J.; Cellino, M.R.;
Giorda, R.; Beri, S.; Maziade, M.; et al. An Assessment of Gene-By-Environment Interactions in
Developmental Dyslexia-Related Phenotypes. Genes Brain Behav. 2012, 12, 47–55.

17. Plak, R.D.; Merkelbach, I.; Kegel, C.A.T.; van IJzendoorn, M.H.; Bus, A.G. Brief Computer
Interventions Enhance Emergent Academic Skills in Susceptible Children: A Gene-By-
Environment Experiment. Learn. Instr. 2016, 45, 1–8.

18. Shi, B. Gene-Environment Interaction in the Etiology of Reading and Phnological Processing
Ability. Master’s Thesis, Beijing Normal University, Beijing, China, 2011.

19. Yu, S.; Chen, B.; Levesque-Bristol, C.; Vansteenkiste, M. Chinese Education Examined via the
Lens of Self-Determination. Educ. Psychol. Rev. 2016, 30, 177–214.

20. Guo, X.; Li, J.; Niu, Y.; Luo, L. The Relationship between Filial Piety and the Academic
Achievement and Subjective Wellbeing of Chinese Early Adolescents: The Moderated Mediation
Effect of Educational Expectations. Front. Psychol. 2022, 13, 747296.

21. Dishion, T.J.; McMahon, R.J. Parental Monitoring and the Prevention of Child and Adolescent
Problem Behavior: A Conceptual and Empirical Formulation. Clin. Child Fam. Psychol. Rev. 1998,
1, 61–75.

22. Fan, X.; Chen, M. Parental Involvement and Students’ Academic Achievement: A Meta-Analysis.
Educ. Psychol. Rev. 2001, 13, 1–22.

23. Top, N. Social-Emotional Skills, Parental Monitoring, and Behavioral and Academic Outcomes in
5th to 8th Grade Students: A Longitudinal Study on Character Development. Doctoral
Dissertation, Texas A&M University, College Station, TX, USA, 2015.

24. Jeynes, W. A Meta-Analysis of the Efficacy of Different Types of Parental Involvement Programs
for Urban Students. Urban Educ. 2012, 47, 706–742.

25. Guo, X.; Lv, B.; Zhou, H.; Liu, C.; Liu, J.; Jiang, K.; Luo, L. Gender Differences in How Family
Income and Parental Education Relate to Reading Achievement in China: The Mediating Role of
Parental Expectation and Parental Involvement. Front. Psychol. 2018, 9, 783.

26. McNeal, R.B. Differential Effects of Parental Involvement on Cognitive and Behavioral Outcomes
by Socioeconomic Status. J. Socio-Econ. 2001, 30, 171–179.

27. Graves, S.L.; Brown Wright, L. Parent Involvement at School Entry: A National Examination of
Group Differences and Achievement. Sch. Psychol. Int. 2011, 32, 35–48.

28. Jeynes, W.H. The Relationship between Parental Involvement and Urban Secondary School
Student Academic Achievement. Urban Educ. 2007, 42, 82–110.



DYX1C1 Gene on Chinese Children’s Reading Achievements | Encyclopedia.pub

https://encyclopedia.pub/entry/51640 8/9

29. Tan, C.Y.; Lyu, M.; Peng, B. Academic Benefits from Parental Involvement Are Stratified by
Parental Socioeconomic Status: A Meta-Analysis. Parenting 2020, 20, 241–287.

30. Hart, S.A.; Petrill, S.A.; Kamp Dush, C.M. Genetic Influences on Language, Reading, and
Mathematics Skills in a National Sample: An Analysis Using the National Longitudinal Survey of
Youth. Lang. Speech Hear. Serv. Sch. 2010, 41, 118–128.

31. Xie, X.; Shao, S.; Song, R. Progress in Researches on Effects of Gene, Environment and Gene-
Environment Interaction on Developmental Dyslexia. Chin. J. Public Health 2018, 35, 780–785.

32. Xie, F. The Effect of Gene and Family Cultural Capital in Children’s Reading Ability and
Mathematical Ability. Master’s Thesis, Southwest University, Chongqing, China, 2017.

33. Taipale, M.; Kaminen, N.; Nopola-Hemmi, J.; Haltia, T.; Myllyluoma, B.; Lyytinen, H.; Muller, K.;
Kaaranen, M.; Lindsberg, P.J.; Hannula-Jouppi, K.; et al. A Candidate Gene for Developmental
Dyslexia Encodes a Nuclear Tetratricopeptide Repeat Domain Protein Dynamically Regulated in
Brain. Proc. Natl. Acad. Sci. USA 2003, 100, 11553–11558.

34. Lim, C.K.P.; Ho, C.S.H.; Chou, C.H.N.; Waye, M.M.Y. Association of the Rs3743205 Variant of
DYX1C1 with Dyslexia in Chinese Children. Behav. Brain Funct. 2011, 7, 16.

35. Paracchini, S.; Ang, Q.W.; Stanley, F.J.; Monaco, A.P.; Pennell, C.E.; Whitehouse, A.J.O. Analysis
of Dyslexia Candidate Genes in the Raine Cohort Representing the General Australian
Population. Genes Brain Behav. 2010, 10, 158–165.

36. Wigg, K.; Couto, J.M.; Feng, Y.; Anderson, B.; Cate-Carter, T.; Macciardi, F.; Tannock, R.; Lovett,
M.W.; Humphries, T.; Barr, C.L. Support for EKN1 as the Susceptibility Locus for Dyslexia on
15q21. Mol. Psychiatry 2004, 9, 1111–1121.

37. Zhang, Y.; Li, J.; Tardif, T.; Burmeister, M.; Villafuerte, S.M.; McBride-Chang, C.; Li, H.; Shi, B.;
Liang, W.; Zhang, Z.; et al. Association of the DYX1C1 Dyslexia Susceptibility Gene with
Orthography in the Chinese Population. PLoS ONE 2012, 7, e42969.

38. Wang, Z.; Cui, G.; Zhao, A.; Liu, D.; Shen, L.; Li, D. Genome-Wide Association Studies on the
Developmental Dyslexia Children. J. Hyg. Res. 2015, 44, 768–770.

39. Rosenthal, D. A Suggested Conceptual Framework. In The Genain Quadruplets: A Case Study
and Theoretical Analysis of Heredity and Environment in Schizophrenia; Rosenthal, D., Ed.; Basic
Books: New York, NY, USA, 1963; pp. 505–511.

40. Sigelman, C.K.; Rider, E.A. Developmental psychopathology. In Life-Span Human Development,
6th ed.; Sigelman, C.K., Rider, E.A., Eds.; Wadsworth Publishing: Belmont, CA, USA, 2009; pp.
468–495.

41. Burmeister, M.; McInnis, M.G.; Zöllner, S. Psychiatric Genetics: Progress amid Controversy. Nat.
Rev. Genet. 2008, 9, 527–540.



DYX1C1 Gene on Chinese Children’s Reading Achievements | Encyclopedia.pub

https://encyclopedia.pub/entry/51640 9/9

42. Belsky, J. Theory Testing, Effect-Size Evaluation, and Differential Susceptibility to Rearing
Influence: The Case of Mothering and Attachment. Child Dev. 1997, 68, 598–600.

43. Ellis, B.J.; Boyce, W.T.; Belsky, J.; Bakermans-Kranenburg, M.J.; van Ijzendoorn, M.H. Differential
Susceptibility to the Environment: An Evolutionary-Neurodevelopmental Theory. Dev.
Psychopathol. 2011, 23, 7–28.

44. Sweitzer, M.M.; Halder, I.; Flory, J.D.; Craig, A.E.; Gianaros, P.J.; Ferrell, R.E.; Manuck, S.B.
Polymorphic Variation in the Dopamine D4 Receptor Predicts Delay Discounting as a Function of
Childhood Socioeconomic Status: Evidence for Differential Susceptibility. Soc. Cogn. Affect.
Neurosci. 2012, 8, 499–508.

45. Belsky, J.; Pluess, M.; Widaman, K.F. Confirmatory and Competitive Evaluation of Alternative
Gene-Environment Interaction Hypotheses. J. Child Psychol. Psychiatry 2013, 54, 1135–1143.

46. Zhao, J.; Yang, Q.; Cheng, C.; Wang, Z. Cumulative Genetic Score of KIAA0319 Affects Reading
Ability in Chinese Children: Moderation by Parental Education and Mediation by Rapid
Automatized Naming. Behav. Brain Funct. 2023, 19, 10.

Retrieved from https://encyclopedia.pub/entry/history/show/116688


