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Chapter 10 
 
Summary and Discussion 
 
The present dissertation has focused broadly on the ontology of latent psychometric 
variables, and the genetics of intelligence. Below I provide a summary of the preceding eight 
chapters, followed by a general discussion.  

Chapter 2 introduces the basics of structural equation modeling, as applied in the 
classical twin design. After introducing the basic method of exploiting familial relationships 
to infer the effects of unmeasured genetic and environmental factors, the chapter reviews 
the implementation of models from the structural equation modeling literature into 
genetically informative designs, and structural equation models developed specifically 
within genetics. The former include simplex and latent growth curve models, and the latter 
include common and independent genetic factor models, genotype-environment interaction 
models, sex-limitation models, and direction of causation models. The chapter concludes 
with a discussion of the incorporation of measured genetic variables into structural equation 
modeling-based association analysis.  

Chapter 3 discusses the application of genetically informed item-level analyses in 
addressing questions regarding the ontology of latent behavioral phenotypes (e.g., 
depression, general cognitive ability), via the study of their mediatory role with respect to 
genetic and environmental influences. The presence of genetically informative item-level 
data allows one to 1) test an empirical implication of the realist interpretation of latent 
psychological traits, namely its mediation of genetic and environmental influences on the 
observed item covariation, and 2) study the (possibly different) dimensionalities of the latent 
genetic and environmental covariance structures giving rise to the observed item 
covariation. I note that the frequently encountered problems in psychometric dimensionality 
assessment may be viewed as a function of the differences between these genetic and 
environmental covariance structures, and propose using genetically informative item-level 
analyses as a tool in improving phenotypic dimensionality assessment.  

Chapter 4 employs the methodology discussed in Chapter 3 to examine the ontology 
and the genetic and environmental etiology of the Internalizing syndrome dimensions of the 
Child Behavior Checklist (CBCL; Achenbach, 1991; Verhulst et al., 1996). The results 1) 
suggest that the syndrome dimensions may be better understood as a composite of 
unconstrained genetic and environmental influences than as causally relevant entities 
generating the observed symptom covariation, and 2) indicate a common genetic basis for 
anxiety, depression, and withdrawn behavior, with the distinction between these syndromes 
being driven by the individual-specific environment. The finding is discussed in the context 
of the frequently encountered difficulties in phenotypic delineation between different 
diagnostic categories, e.g., anxiety and depression.  

Chapter 5 employs the same methodology to examine 1) the tenability of the realist 
interpretation of the Big Five personality dimensions (McCrae & Costa, 2008), and 2) the 
structure of the genetic and environmental covariance matrices underlying the observed 
covariation of NEO Five Factor Inventory (NEO-FFI; Costa & McCrae, 1992) personality 
items. Interestingly, and unlike the case of the CBCL, the genetic and the environmental 
covariance matrices underlying NEO-FFI item covariation exhibit similar (5-factor) 
structures. However, the latent personality dimensions do not appear to fully mediate the 
genetic and environmental effects on the items, as would be expected under the realist 



	  

 

interpretation of the Big Five. Implications for the substantive interpretation of the Big Five 
are discussed.  

Chapter 6 provides an overview of the genetic covariance structure modeling-based 
methodology for the study of childhood anxiety and depression, and a cross-section of the 
relevant findings. The review focuses on questions that go beyond the relatively simple task 
of assessing the contributions of genetic and environmental factors to anxiety and 
depression. The review presents relatively consistent evidence for: a) small to negligible sex 
differences in the genetic etiology of these disorders, b) a substantial role of genetic factors 
in accounting for their temporal stability, c) a contribution of genetic factors to the 
comorbidity between them, d) a possible role of genotype-environment interaction in 
affecting their liability, e) a role of genotype-environment correlation, and f) a minor, if any, 
etiological role of sibling interaction.  

Chapters 7-9 focus on the genetics of intelligence. Chapter 7 reports on a combined 
analysis of all longitudinal measures of verbal, nonverbal, and general intelligence present 
in the Young Netherlands Twin Register (Bartels, Beijsterveldt, et al., 2007) in 2009. Simplex 
modeling was used to examine the genetic and environmental etiology of the temporal 
stability of the measures. Given the information on stability, I subsequently address the 
question of how to optimally utilize the existing longitudinal data in the context of gene-
finding studies. The high stability of the additive genetic factors indicates that a single set of 
genes underlies the variation in intelligence throughout the developmental period under 
study, justifying the use of a linear combination of scores across the different ages in the 
context of genetic association studies.  

The results obtained in Chapter 7 were used to inform the modeling of the 
phenotype in the association studies reported in Chapters 8 and 9. Chapter 8 reports on a 
study testing for an association between normal-range intelligence and common single-
nucleotide polymorphisms (SNPs) in 43 known cognitive disability genes. The study 
utilized a simple rationale, namely the fact that the genetic variation affecting continuous, 
polygenic traits (e.g., normal-range intelligence) may be concentrated in the same areas of 
the genome as that underlying similar, monogenic phenotypes (e.g., intellectual disability). 
Although no individual single-nucleotide polymorphism (SNP) reached statistical 
significance, SNP-based analyses indicated an enrichment of the candidate gene set for 
polymorphisms associated with intelligence. The study is the first demonstration of the 
relevance of genes implicated in monogenic disorders of intellectual functioning to normal-
range intelligence.  

Chapter 9 extends the work reported in Chapter 8 to 168 known intellectual disability 
genes, but, unlike Chapter 8, uses next-generation exon sequencing and focuses on the 
detection of the possible effects of rare genetic variation. Consistently with the literature to 
date, no enrichment of the candidate gene set for mutations associated with normal-range 
intelligence was detected at the present sample size. The finding is discussed in the context 
of literature.  
 
Discussion 
 
The present dissertation has focused on a) the use of genetically informed item-level 
analyses in psychometric dimensionality assessment and the study of the ontology and the 
genetic and environmental etiology of latent traits, with application to childhood 
internalizing problems and the Big Five personality dimensions in adults, and b) the 
genetics of intelligence. A variety of techniques were used to address these topics and 
various issues therein, discussed in turn below.  


