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ABSTRACT 
 

Narrative writing samples were collected and analyzed for a total sample size of 826 

students (413 twin pairs; 159 monozygotic and 524 dizygotic pairs) from the Florida Twin 

Project on Behavior and Environment (FTP-BE) database who comprise a subset of the Florida 

Twin Project on Reading (FTP-R).  Twins’ writing samples were coded using Systematic 

Analysis of Language Transcript (SALT) conventions to derive measures of syntactic 

complexity (mean length utterance, clausal density); measures commonly used to assess 

adolescent writing.  Concurrent measures of reading comprehension and spelling were obtained 

from the Florida Progress Monitoring and Reporting Network (PMRN).  Using a behavioral-

genetic approach, the common and unique genetic, environmental, and non-shared 

environmental influences on each variable were analyzed using univariate and multivariate 

Choleskey decomposition models.  Findings suggest that non-shared environmental influences 

are responsible for much of the variation we see in students’ written syntactic complexity, with 

minimal influence from genes.  In contrast, reading comprehension and spelling appear to be 

highly heritable, with some genetic influences overlapping between the two skills. Shared 

environmental influences were negligible for all literacy constructs other than reading 

comprehension. The discussion centers on our need to further understand differential methods of 

writing assessment, with a focus on the use of traditional elicitation contexts for language 

sampling within writing, similar to writing expectations on state- and national-level achievement 

assessments.   
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INTRODUCTION 
 

Students in classrooms across the nation are regularly assessed on writing ability as an 

indicator of current academic achievement.  Recent results from the writing assessment 

component of the National Assessment of Educational Progress (NAEP) indicate that 20% of 

eighth-grade students in the United States produced written samples judged to be below basic 

(National Center for Education Statistics, 2012).   Nationwide measures of reading, a skill shown 

to be related to writing (e.g., Abbott, Berninger, & Fayol, 2010; Berninger & Abbott, 2010; 

Parodi, 2007; Tierney & Shanahan, 1991) also report a sizeable proportion of older children and 

adolescents who struggle to read at proficient levels.  In the most recent NAEP report on reading 

performance (National Center for Education Statistics, 2013), 32% of fourth-grade and 22% of 

eighth-grade students read at levels considered to be below basic. The similar statistics for 

students reading and writing below a basic level are not surprising given the theorized and 

documented shared basic knowledge and skills required for success in both tasks, with estimates 

of the shared knowledge in excess of 50% (Shanahan, 2004, 2006).  These estimates of shared 

knowledge among measures of literacy, although informative, do not take into account the 

influence that genes may have on reading ability, writing ability, or the overlap between the two. 

The majority of the research within the last hundred years has given priority to the 

investigation of environmental influences on children’s development, largely ignoring genetic 

influences on the same traits (e.g., Haworth & Plomin, 2011; Plomin, DeFries, Knopik, & 

Neiderhiser, 2013).  This is despite published findings indicating that genes account for a large 

portion of unique variance in general and specific cognitive abilities (see Nichols, 1978 for 

summary), with estimates of the genetic influence on tests of nonverbal intelligence explaining 

approximately 40% of the total variance in test performance (Plomin et al., 2013).  Additional 
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research also supports increased genetic influences as we age, with heritability estimates for 

general cognitive ability increasing to 55% during adolescent years (Haworth et al, 2010).   It is 

undisputed that environment and instruction are important for academic achievement; however, 

the extent to which environmental inputs matter cannot be investigated within a correlational or 

experimental study, as alternative influences, such as genetics, are unaccounted.  Although 

genetic and environmental etiologies of reading are frequently investigated (Olson, 2007), very 

few researchers have investigated the genetic and environmental influences that overlap between 

reading and writing despite the evidence from phenotypic research that suggests similar 

underlying influential factors. 

Phenotypic and Quantitative Genetic Methodologies 

Before delving into the literature on the relationships among measures of literacy, a brief 

introduction to two methodological approaches that researchers use to investigate these 

relationships is warranted. The first, and likely more prevalent approach in the fields of language 

and literacy over the last couple of decades, involves phenotypic data (Olson, Keenan, Byrne, & 

Samuelsson, 2014).  Phenotypic investigations analyze data on observed performance for a given 

trait, generally without speculation as to what influences the trait other than environmental 

factors.  Quantitative genetics, in contrast, allows for the investigation of genetic and 

environmental etiologies that explain variation in performance on a trait or combination of traits.  

This approach uses data from twin pairs, comparing monozygotic (MZ; identical) and dizygotic 

(DZ, fraternal) twins.  Identical twins share 100% of their genetic makeup while DZ twins share 

approximately 50% of their genes.  By comparing MZ and DZ twin performance, quantitative 

genetics teases apart the heritability for a given trait as well as the influences due to the 

environment.  If genetic influences are important for a given trait, it stands to reason that MZ 
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twins will be more similar to each other (i.e., scores are more highly correlated) than DZ twins.  

These relationships allow for an estimate of trait heritability (h2 = 2(MZr-DZr).   Additionally, 

because individuals within a twin pair (regardless of zygosity) are assumed to be influenced 

equally by their shared environments (Bouchard & Propping, 1993; Derks, Dolan, Boomsma, 

2006), we may also estimate shared environmental influences (c2 = MZr – h2).  Lastly, any 

remaining differences within MZ twins may be attributed to non-shared environmental 

influences (i.e., influences that serve to make twins different from one another) and are estimated 

along with measurement error (e2 = 1-MZr).  This approach extends the explanatory power of 

phenotypic research by providing a richer understanding of the influences that act upon a given 

trait – an approach that may be especially helpful to further explore the similar statistics of 

children struggling to read or write at proficient levels. 

 To date, only three studies have investigated the unique and common genetic and 

environmental influences among measures of reading and writing (Kovas, Haworth, Dale, & 

Plomin, 2007; Oliver, Dale, & Plomin, 2007; Olson et al., 2013).  Of these investigations, two 

studies quantified student reading and writing using teachers’ global impressions of student 

performance rather than direct assessments (Kovas et al., 2007; Oliver et al., 2007). The most 

recent investigation used multiple direct measures of student writing (Olson et al., 2013); 

however, the measures (e.g., copying a paragraph, writing a sentence when given a set of words) 

seem to be less representative of the type of writing tasks students are asked to perform for state- 

and national-level writing assessments (i.e., discourse-level writing). Therefore, we have 

relatively minimal knowledge about the sources or etiologies of variation in student performance 

among tasks most representative of NAEP data.   
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The paucity of research is this area is rather surprising given the frequency with which 

researchers investigate and find significant phenotypic relations among measures of literacy.  

Therefore, the purpose of the current investigation is to further analyze the unique and common 

genetic and environmental influences on measures of literacy, namely reading comprehension, 

spelling, and an aspect of written language, syntactic complexity, produced within a written 

narrative task.   

Relations among Measures of Language and Literacy 

In order to establish a shared understanding of the foundational skills or underlying 

constructs among measures of literacy, the foundational role of oral language is considered, as 

decades of research have shown that literacy skills (i.e., reading and writing) are often dependent 

or explained by ones’ oral language abilities (Catts, Fey, Zhang, & Tomblin, 1999; Berninger, 

2000; Scott & Windsor, 2000). In general, students who demonstrate adequate oral language 

abilities also display adequate written language abilities (e.g., Foorman & Petscher, 2010; 

Graham, Harris, & Chorzempa, 2002; Loban, 1963). Similarly, students who struggle with 

production and/or comprehension of oral language often display difficulties interacting with 

printed material (e.g., Catts, Fey, Tomblin, & Zhang, 2002; Scott & Windsor, 2000).  The 

oneness, yet separateness, of language and literacy skills is observed in the semantics commonly 

used to describe them, with terms that differ only by the modality of which they are produced or 

received. For example, Berninger (2000) and colleagues (2002) often use the terms “Language 

by mouth, ear, eye, and hand” to describe speaking, listening, reading, and writing, respectively, 

highlighting the linguistic underpinnings of each domain. As performance on state- and national 

assessments is most often measured through students’ “language by eye” and “language by 
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“hand,” findings from phenotypic and quantitative genetic studies of the relationship between 

reading and writing will be further highlighted.  

Defining Aspects of Literacy 

Literacy, in a traditional sense, involves comprehension and production of printed 

material (Westby, 2012), or in other words, reading and writing, respectively. Each component 

of literacy may be further divided into subcomponents representative of their underlying or 

foundational skills.  When defined broadly, reading may include both word-level reading (i.e., 

decoding) and comprehension abilities (Kamhi & Catts, 2012), with the former heavily 

influenced by phonological awareness and orthographic knowledge, and the later influenced by 

oral language skills (e.g., vocabulary, syntactic knowledge; Westby, 2012) and higher-level 

cognitive processes (e.g., thinking, reasoning, interpreting; Kamhi & Catts, 2012).  The 

differentiation of the two components of reading is frequently explained using the theoretical 

framework from the Simple View of Reading (SVR; Gough & Tunmer, 1986).   

Similar to the SVR, the Simple View of Writing (SVW; Juel, Griffth, & Gough, 1988) 

also consists of two main components: (1) lower-level skills, such as spelling and transcription, 

and (2) higher-level skills, such as ideation, planning, reviewing, and revising.  Several other 

theories of writing differentiate between transcription processes (e.g., spelling, handwriting) and 

compositional abilities (e.g., text generation) (Bereiter & Scardamalia, 1987; Berninger & Winn, 

2006).  The subcomponents of writing are often unique when elicited and analyzed using 

discourse-level writing prompts (e.g., Kim, Otaiba, Folsom, Greulich, & Puranik, 2014; Puranik, 

Lombardino, & Altmann, 2009; Wagner et al., 2011).  The finding of multiple dimensions of 

writing may imply that the common holistic scoring approach (e.g., Education Northwest, 2006; 

Mehta, Foorman, Branum-Martin, & Taylor, 2005) is perhaps inappropriate to thoroughly assess 
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the complexities of written language.  For example, in an investigation of the written language 

samples of first- and fourth-grade students, Wagner et al. (2011) found that a five-factor model 

of writing provided a better fit to student data compared to a unidimensional model of writing 

(i.e., holistic score). The discourse-level samples, written in response to an expository prompt, 

were transcribed and analyzed, adhering to several recommendations for analysis of written 

language transcripts (e.g., Nippold, 2010; Price & Jackson, 2015).  The five-factor model was 

comprised of (1) macro-organization, (2) linguistic productivity, (3) syntactic complexity, (4) 

spelling and punctuation, and (5) handwriting, each measured by multiple indicators and thus 

representing multiple latent variables.  Although these latent factors were not used to predict (or 

be predicted from) reading comprehension, findings from the literature may suggest that two of 

the factors, spelling and syntactic complexity, are more related to reading-related skills than the 

others.   

Measures of Spelling and Syntactic Complexity & Their Relation to Reading 

Spelling 

There is a strong line of research to suggest that reading and spelling skills are strongly 

related (Apel & Masterson, 2001; Caravolas, Hulme, & Snowling, 2001; Ehri, 2000; Snow, 

Griffin, & Burns, 2005) and that incidental learning of how to spell a word occurs while reading 

(Pacton, Borchardt, & Treiman, 2014). For example, passage comprehension and spelling are 

significantly related across grades 1-4 (rs range .70 to .73; Mehta, Foorman, Branum-Martin & 

Taylor, 2005).  The findings from studies using twin samples extend this work and suggest that a 

large portion of the phenotypic correlations may be explained by significant and high genetic 

correlations among reading comprehension, spelling, and word-level reading (Byrne et al., 

2007).  In addition to the genetic correlations among measures of reading and spelling, high 
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genetic influences with relatively low shared-environmental influences are often observed on 

each trait for students from first through fourth grade (Byrne et al., 2009; Christopher et al., 

2013; Olson et al., 2011), with the genetic influences on reading largely being shared with the 

genetic influences on spelling (Bates et al., 2007; Byrne et al., 2008).  

Despite the similar linguistic knowledge that both reading comprehension and spelling 

rely on, as well as variation in each being highly heritable, there are undoubtedly differences 

between the two skills. Investigations of young children’s spelling have found that spelling and 

reading are not inverse measures (Read, 1981), which is substantiated by research showing their 

differential predictive power: early spelling ability predicts later reading while early reading 

ability does not predict later spelling ability (Caravolas et al., 2001).   

Syntactic Complexity  

The ability to comprehend and produce a variety of syntactic structures is implied in both 

the Simple View of Reading and the Simple View of Writing.  Empirical research further 

supports the importance of syntactic ability, with findings that syntactic knowledge facilitates 

word-level reading and comprehension abilities (e.g., Bowey, 1986, Cain, 2007; Willows & 

Ryan, 1986) and is a reliable predictor of reading comprehension outcomes (e.g., Adlof, Catts, & 

Lee, 2010; Guo, Roehrig, & Williams, 2011).   Students who have adequate word-level reading 

ability yet struggle with comprehending written texts often present with weakness in syntactic 

ability (e.g., Nation, Clarke, Marshall, & Durand, 2004).  Work by Nippold and colleagues 

further supports this notion, finding that students with language disorders often struggle with 

producing syntactically complex sentences, often producing simple main clauses (MC) and fewer 

subordinate clauses (SC) (Nippold, Mansfield, Billow, & Tomblin, 2008; 2009).  
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Complexity of syntactic productions are often assessed in older students and adolescents 

within oral or written language samples. Two of the most common measures derived from these 

samples to assess syntactic ability include clausal density (CD) and mean length of utterance 

(MLU).  Clausal density is calculated as the sum of MC and SC divided by the total utterances 

within a written language sample (Hunt, 1965), and MLU is calculated as the number of total 

words divided by number of total utterances. Larger CD and MLU values are therefore indicative 

of more complex syntax. However, as Beers and Nagy (2007) discuss, “more complexity does 

not necessarily equal better writing,” (pp.187).  In their investigation of how measures of 

syntactic complexity relate to writing quality in expository and narrative writing samples of 

seventh- and eighth-grade students, Beers and Nagy found that CD was significantly and 

positively related to quality of narrative text; however, CD was negatively correlated with quality 

in expository writing samples.  

 Traditional measures of language sampling, such as MLU and CD, are relatively rare in 

the field of quantitative genetic research and therefore there are minimal findings to report 

regarding the genetic and environmental influences on syntax measured with traditional language 

sampling techniques. However, DeThorne and colleagues have begun to shed light on the 

etiologies that explain variance in these measures using children’s conversational language 

samples (e.g., DeThorne & Hart, 2009; DeThorne et al., 2008; DeThorne, Petrill, Schatschneider, 

& Cutting, 2010; DeThorne, Harlaar, Petrill, & Deater-Deckard, 2012). Findings from these 

studies indicate that over 70% of the variability in a latent construct of conversational language 

(i.e., MLU, number of different words, number of total words, number of conjunctions) are due 

to genetic influences (DeThorne et al., 2008), with results from longitudinal work revealing that 

although some of the same genes contribute to later conversational language skills, a large 
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percentage of the variance in language is due to non-shared environmental influences (66%; 

DeThorne et al., 2012).  Interestingly, neither MLU nor CD has been used as indicators of 

syntactic or linguistic complexity in writing within a quantitative-genetic approach to analysis 

and thus will be explored in the current investigation.  

Environmental Influences on Literacy Abilities 

Decades of research have shown that parents’ and teachers’ language use and instruction 

within homes and classrooms affect student language (e.g., Cabell et al., 2011; Hart & Risley, 

2003; Huttenlocher, Vasilyeva, Cymerman, & Levine, 2002) and literacy outcomes (Dickinson 

& Porche, 2011).  Additionally,  due to the documented relationship between literacy skills, 

several investigations have found (and expected) that instructional support in one aspect of 

literacy also positively influences other related literacy skills (e.g., Berninger et al., 1998; Clarke, 

1988; Graham, Harris, & Chorzempa, 2002; Mason, Dunn Davison, Scheffner Hammer, Miller, 

& Glutting, 2013; Santa & Høien, 1999).  For example, Berninger and colleagues (1998) and 

Graham and colleagues (2002) found that an explicit spelling intervention resulted in gains not 

only in students’ spelling abilities, but also in areas of word recognition, writing fluency, and 

written composition (i.e., number of words and number of correctly spelled words).  Similarly, 

interventions with a focus on letter-sound correspondence and word-level reading have also 

observed increased performance on related measures of reading comprehension and spelling 

(e.g., Blachman et al., 2004).   

More recent investigations continue to show that instruction in one area (or areas) 

improves performance in multiple aspects of literacy. In a study by Mason and colleagues 

(2013), findings suggest that students who participate in an intervention for reading 

comprehension, or a combined reading comprehension/writing intervention, outperform students 
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in a comparison group on measures of reading and writing even if the student received the 

“reading comprehension only” intervention. However, this seemingly bi-directional relationship 

is not observed when only providing students with writing instruction.  Results from a recent 

meta-analysis of writing instruction reveal that interventions that teach aspects of writing (e.g., 

answering questions, summary writing, extended writing), as opposed to teaching both reading 

and writing skills simultaneously within the intervention, are generally less successful in 

improving student reading comprehension outcomes (see Hebert, Simpson, & Graham, 2013 for 

a review). This nuanced relationship is further highlighted by findings that individuals may 

present with success in reading (or writing) yet struggle in performing the alternative (e.g., Frith, 

1980; Stotsky, 1983).  Therefore, although considerable evidence supports the critical role that 

environmental influences play in literacy skill development, findings from phenotypic research 

do not provide sufficient or complete explanations as to why variability exists across multiple 

dimensions of literacy. 

Twin Studies of Reading, Spelling, and Syntactic Complexity 

A sizeable body of research has investigated the shared and unique influences that 

genetics and environment have on aspects of language, reading, and spelling (Soden-Hensler, 

Taylor,& Schatschneider, 2012; DeThorne et al., 2006; DeThorne et al., 2010; Taylor & 

Schatschneider, 2010), with writing having received minimal attention.  Indeed, reading is 

perhaps the most widely researched aspect of academic achievement by behavioral geneticists 

(Olson, 2007).  Significant genetic influences are commonly observed on measures of reading 

comprehension (e.g., Harlaar, Dale, & Plomin, 2007; ) and oral reading fluency (Hart et al., 

2013) with performance remaining largely heritable as children progress through elementary 
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school for word-level reading and reading comprehension (Betjemann et al., 2008; Soden et al., 

2015).   

As mentioned previously, only three studies to date have investigated the common and 

unique influences between reading and writing, with two of these studies using teacher ratings of 

student reading and writing ability rather than direct assessments.  Despite the possible 

inaccuracy of teacher ratings as an assessment tool, both Oliver and colleagues (2007) and Kovas 

and colleagues (2007) report similar findings.  In a univariate analysis of teachers’ rating of 

writing, Oliver and colleagues (2007) and Kovas and colleagues (2007) analyzed intraclass 

correlations among MZ and DZ twins and reported similar genetic and environmental influences.  

Oliver et al. found a substantial genetic influence (.64), with shared-environmental influences 

explaining variance within seven-year-olds’ writing to a lesser extent (.40).  Non-shared 

environmental influences on teacher ratings of writing were negligible (.08).  Kovas and 

colleagues (2007) also assessed teacher ratings of writing for students seven-year-old students, 

but extended their sample to also look at children aged 9 and 10.  The structural equation models 

by both research groups indicate similar model-fitting results for seven year-old students (A = 

.66, .65; C = .07, .03; E = .27, .32 for estimates for genetic, environmental, and non-shared 

environment influences reported by Oliver et al. and Kovas, et al. respectively).  These findings 

suggest that at age 7, the largest influence on the variability observed in writing ability (when 

assessed via a teacher rating) is genes, with very little influence due to shared environment.  As 

children age, the findings from Kovas and colleagues suggest that writing remains largely 

heritable (.70 at age 9; .64 at age 10) with minimal shared-environment influences (.02 at age 9; 

.10 at age 10) and moderate non-shared environment influences, which also remain relatively 

consistent (.28 at age 9; .27 at age 10). 
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The third and most recent investigation of the overlapping genetic and environmental 

influences on writing and reading contained data from twins in the Colorado Learning 

Disabilities Research Center (CLDRC), a center that has been investigating the similarities and 

differences among MZ and DZ twins for over twenty years.  This study by Olson and colleagues 

(2013) used a trivariate Cholesky decomposition model to analyze the etiologies of three 

measures of writing (i.e., copying text from a paragraph (Copy), writing a sentence to describe a 

picture when given target words (WJ Fluency) and writing a sentence in response to a picture or 

sentence (WJ Samples)), and found significant genetic overlap among writing tasks (heritability 

estimates range from .52 among Copy and WJ Samples to .95 among Copy and WJ Fluency); 

however, unique genetic influences are also indicated by non-perfect correlations (r = 1.0) 

observed between any two of the writing measures.  Additionally, the research team conducted a 

series of bivariate Cholesky decomposition models to investigate the relations among each of the 

three writing variables with other measures of phonological awareness, rapid naming, 

vocabulary, word-level reading, spelling, and reading comprehension (e.g., copying text with 

phonological awareness; copying text with rapid naming, copying text with vocabulary… and so 

on for each of the three measures of writing).   Olson and colleagues found significant estimates 

of heritability among the three measures of writing and all other language and reading variables 

(rs range .32 (Copy and Vocabulary) to 1.0 (rapid naming and WJ Fluency)).  Findings from 

Olson et al. also substantiate the findings of Oliver et al. (2007) and Kovas et al. (2007), as they 

also found very low estimates of shared environmental influences (confidence intervals for all 

but two bivariate relationships included 0.0).  A similar pattern (i.e., majority of confidence 

intervals include 0.0) was also found for unique environmental influences – a finding that is in 

contrast to those reported by Oliver et al.’s and Kovas et al.’s 2007 findings.  The bivariate 
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analytic approach used by Olsen and colleagues, rather than a multivariate Cholesky 

decomposition model, may have been preferred due to the large number of language, reading, 

and writing variables; however, because of this, it is difficult to extract broad, overarching 

conclusions regarding the genetic and environmental influences in play for all three aspects of 

written language.  

Research Question and Hypothesis 

Due to the nature of the current writing assessments administered yearly to older students 

and adolescents in the United States, an investigation of the genetic and environmental 

influences among reading, spelling, and writing using a task similar to that is required during 

high-stakes writing assessments (i.e., discourse-level writing)  is needed.  Therefore, using a 

trivariate approach to analysis, the goal of the current study is to specifically examine the 

question: What are the common and unique genetic and environmental influences on reading 

comprehension, spelling, and a measure of written language, syntactic complexity? 

Based on the findings in the literature (e.g., Kovas et al., 2007; Oliver et al., 2017; Olson 

et al., 2013), I hypothesize that I will find significant genetic and non-shared environmental 

overlapping influences among measures of reading and writing, as the measures of writing in the 

current study may be thought to represent linguistic ability more so than speeded measures of 

writing fluency or teacher ratings of performance.  Previous literature also supports my 

hypothesis that on univariate measures of reading, spelling, and writing, genes will explain a 

greater proportion of variance in performance, with non-shared environmental influences in 

excess of the shared environmental factors. 
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METHOD 

Participants 

A subset of twins enrolled in the Florida Twin Project on Behavior and Environment 

(FTP-BE) who also participate in the Florida Twin Project on Reading (FTP-R) served as 

participants within this investigation.  The investigator identified students as participants if 

he/she was enrolled in third- to eighth-grade during the 2012-2013 academic year and also 

completed and returned a narrative writing task that was mailed to his/her home.  These inclusion 

criteria resulted in a total sample size of 826 students (413 twin pairs; 159 monozygotic and 524 

dizygotic twin pairs) enrolled in grades three (n = 48), four (n = 134), five (n = 151), six (n = 

185), seven (n = 208) and eight (n = 100). 

All students within this subset were also included in Florida’s state-wide web-based 

progress monitoring system (Progress Monitoring and Reporting Network; PMRN). The PMRN 

contained de-identified student-level information on both demographic (e.g., gender, 

racial/ethnic category, primary exceptionality) and academic achievement data.  Teachers across 

the state of Florida updated student information within the PMRN three to four times a year after 

administering progress monitoring assessments (fall, winter, spring).  According to the 

demographic information reported by participants’ teachers, 41.6% of twins within the current 

sample were same sex female, 34.4% were same sex male, and the remaining twins were 

opposite gender (24%). In terms of racial and ethnic makeup, data were available for 818 

students (99%):  60.7% of students were White, 18.9% were Hispanic, 12.8% were Black, 3.4% 

of students were multiple races, 2.3% of students were Asian, and 1% of the students were 

Native American or Pacific Islander.  Additionally, 71 students in the current sample (8.6%) 

were identified as English-language learners (ELLs), with the majority of these identified ELL 
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students having been previously dismissed from ESOL services and the associated 2-year follow 

up period (n = 45).  Another 172 students were identified with a primary exceptionality that 

required special instruction or services (36.8% of sample). Of the students with exceptionalities, 

the majority of the students were categorized as “gifted” (n = 80; 9.7% of the total sample) or 

had one of the following disorders/disabilities: specific learning disability (n = 35; 4.2%); speech 

impairment (n = 23, 2.8%); or language impairment (n = 18, 2.2%).  The remaining 16 students 

were identified as having an orthopedic impairment, visual impairment, emotionally 

handicapped, Autism, other health impairment, or intellectual disability (less than 1% of the 

sample in each category).   Neither subset (i.e., ELLs or students with exceptionalities) were 

excluded from this investigation in order to maximally represent the population of students 

enrolled in Florida schools.  Approximately one third of the participants (34.38%) were eligible 

for free or reduced price lunch. 

Procedure and Measures  

Data for this study were collected from a zygosity questionnaire (see Appendix B) and 

written narrative task administered at home, as well as from progress monitoring assessments 

administered to students at school. The tasks completed at home were mailed to the homes of 

twins enrolled in the FTP-R.  A caregiver of the twins responded to the five-item questionnaire 

which asked about the physical similarities of their children (e.g., eye and hair color). This 

questionnaire was returned by parents in summer of 2010 and was used as a measure of zygosity 

as it accurately and reliably distinguishes fraternal and identical twin pairs (e.g., Christiansen et 

al., 2003; Lykken, Bouchard, McGue, & Tellegen, 1990).  Additionally, during the 2012-2013 

academic year, families also received a writing task mailed to their homes. Upon return of the 
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writing task, several measures of linguistic ability were derived from each students’ sample and 

are described in detail below.   

Concurrent measures of student literacy (reading comprehension and spelling) were 

available and obtained through the PMRN database.  Although the PMRN has multiple reporting 

periods, data from the spring semester of 2013 were utilized within this investigation to 

correspond to the time when the majority of participants also completed the writing task.  

Reading comprehension was measured using the Florida Assessment for Instruction in Reading 

(FAIR; name changed to the Florida Reading Assessment (FRA) in 2015) Reading 

Comprehension subtest (Florida Department of Education, 2009) and the Florida Comprehensive 

Assessment Test (FCAT) Reading subtest (Florida Department of Education). Spelling ability 

was measured using the Word Analysis subtest from the FAIR (Florida Department of 

Education, 2009), as well as researcher-derived measure of spelling ability, representative of 

spelling accuracy within the written language sample. 

FAIR Reading Comprehension 

This computerized progress-monitoring assessment is administered to students in Grades 

3-12 and is meant to assist teachers in predicting which students are likely to pass the end-of-

year FCAT exam. On a computer screen, students are shown one to three narrative and/or 

expository passages. Following each passage, students answer multiple-choice questions to 

assess their comprehension of the passage.  The assessment is adaptive in that it varies the 

amount of questions administered, as well as the complexity of questions, based on student 

responses on previous items. Most students receive anywhere from seven to nine multiple-choice 

questions in total and typically complete the assessment within 10 to 30 minutes.  Previous 
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investigations using this measure report high estimates of reliability at or above .90 (Foorman & 

Petscher, 2010).  The standard score from this assessment was z-scored and used in all analyses. 

FCAT Reading 

 Similarly to the FAIR Reading Comprehension subtest, Florida students in Grades 3-12 

complete this assessment, administered in groups by the classroom teacher, each spring.  This 

measure contains six to eight passages, with comprehension of each passage assessed with 

multiple choice, short- or extended-answer questions.  Each  narrative or expository passage 

contains between six to eleven items which require varying levels of complex thought to answer 

(e.g., demonstrate knowledge of a word/phrase in context, identify the main idea, 

compare/contrast ideas).  This assessment has been shown to be reliable, with a reported 

Chronbach’s alpha of .90 (Florida Department of Education, 2005). The IRT-based reading scale 

score from this subtest was z-scored and used in all analyses. 

FAIR Word Analysis 

The Word Analysis (WA) subtest, also from the FAIR (Florida Department of Education, 

2009) was used as a measure of spelling ability. Similar to the FAIR Reading Comprehension 

subtest, the WA task serves as a progress monitoring tool for teachers to identify students likely 

to pass the FCAT and is therefore administered three times a year to students in Grades 3-12.  

Unlike the FAIR Reading Comprehension subtest, however, this assessment is not required for 

all students.  Teachers are allowed to use their own discretion as to whether or not the additional 

information gleaned from the WA subtest would be beneficial for intervention planning. 

Therefore, missing data on this assessment is common, as students whose teachers deemed it 

unnecessary, did not complete the assessment.  The WA task is also administered on a computer, 

initially presenting students with five grade-level spelling words before adapting to the students’ 
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ability and providing easier or more difficult words, not to exceed a total of 30 items.  Most 

students spell approximately 12 words (Foorman & Petscher, 2010) and finish this assessment 

within 5-15 minutes. Previous investigations using this measure have reported high estimates of 

reliability at or above .90 (Foorman & Petscher, 2010).  The standard score from this subtest was 

transformed into a z-score and used for all analyses. 

Written Language Sample 

Unlike the reading comprehension and FAIR spelling measure, the written language 

sample was administered by caregiver(s) at home.  Caregivers received directions for the task, as 

well as a piece of lined paper on which the student wrote his/her story.  Students heard the 

following directions: “Was there a time when something interesting and unusual happened when 

you got home from school?  Tell us a story about it.  Be sure to explain who was in the story, 

where the story happened, and what happened.  Remember that a good story has a beginning, 

middle, and end, and lots of details.”  After listening to the directions, students received a piece 

of lined paper with the story opener, “One day when I got home from school…” written at the 

top.  Students then used a pen/pencil and paper to write a fictional or non-fiction story (directions 

did not specify).  Although there was no strict time limit on this task, parents were encouraged to 

tell the student(s) to quickly finish their story if he/she continued writing beyond ten minutes.  

Parents returned the written language sample to the FTP-BE research laboratory in an envelope 

that was provided to them by the project staff.   

All hand-written copies of twins’ written language samples were electronically entered 

into SALT  software (Miller & Chapman, 2012) and coded according to SALT coding 

conventions, while also preserving student spelling, punctuation, and grammar (See Apendix C 

for samples of students’ transcripts).  In addition to coding the samples for spelling errors 



19 

 

(described above), main clauses (MC) and subordinate clauses (SC) within each utterance were 

also coded.  Although most students included punctuation to show sentence boundaries, 

utterances were defined as communication units (c-units) — an independent, main clause, along 

with any associated dependent clauses (Hunt, 1965) — and re-segmented as such.  Although 

terminable units (t-units) are also defined in the same way and are typically used in 

investigations of child and adolescent written language (e.g., Beers & Nagy, 2009; Hall-Mills & 

Apel, 2014; Nippold, Ward-Lonergan, & Fanning, 2005), c-units were chosen as the unit of 

measurement in order to analyze students’ writing samples in their entirety, as c-units also allow 

for examination of incomplete sentences (Loban, 1976).  This unit of measurement allowed for 

the preservation and inclusion of mature writing traits within analyses, such as onomatopoeia and 

character dialogue (when complete sentences were not used).  Sentences with multiple main 

clauses joined by coordinating conjunctions (e.g., and, but, or) were broken down into separate t-

units.  For example, the sentence “Nobody was home and I was all alone” was transcribed as 

two c-units (Nobody was home and And I was all alone) although the student wrote it as a single 

sentence in her story.  In instances when a student included a second or third main clause without 

restating the implied subject (I had walked upstairs to my bedroom, dropped my book bag on my 

bed, and took out the trash), otherwise known as a process of ellipsis, the second and/or third 

main clauses were also included on the same utterance line as the initial main clause. However, if 

a student began “listing” main clauses without also including the implied subject for more than 

two clauses, each successive clause was placed on its own t-unit in order to reduce artificial 

inflation of a students’ average utterance length.  The rule of three clauses (1 initial main clause 

+ 2 successive main clauses without inclusion of the same subject) was established after 
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observing that most students ended the list at or before three clauses.  For additional examples of 

utterance segmentation, see Appendix C.    

Multiple measures of linguistic productivity and complexity were calculated from 

students’ written language samples: total number of c-units (TU), number of total words (NTW), 

number of different words (NDW), mean length of c-unit (MLU) in words, and clausal density 

(CD). TU and NTW served as measures of linguistic productivity, indicating the total number of 

utterances (in c-units) and total words produced by a student within a written narrative, 

respectively.  MLU and CD both serve as measures of syntactic complexity, with the former 

measuring the average number of words per utterance and the later measuring the average 

number of clauses per utterance. Therefore, MLU is calculated as NTW divided by the TU; CD 

is calculated by summing the main and subordinate clauses (MC + SC) and dividing by the TU 

(Nippold, 2010).  An additional measure of vocabulary diversity in written language, NDW, was 

not included in analyses beyond descriptive results.  As some students wrote relatively short 

stories, NDW was calculated on all words/utterances rather than restraining the sample to an 

analysis of the NDW within a constrained set, such as 50 utterances.  To control for sample 

length in the measurement of NDW, it would need to be divided by NTW — the numerator for 

the calculation of MLU — and therefore would result in a negative correlation.  Therefore, as the 

two variables were mathematically related in a manner that would cause statistical difficulties for 

the models, NDW, or a modified version of NDW taking into account different amounts of 

written language, was not included within this investigation.  Additionally, although NTW is 

reported in the descriptive statistics, it was not included within further analyses as it too was 

mathematically related to MLU. Raw scores for TU, MLU and CD were transformed into z-

scores to create an equal measurement scale and used in all analyses.  
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Spontaneous Spelling Accuracy 

A second measure of students’ spelling ability was derived from words produced within a 

written narrative task. This measure of spelling ability was a ratio equal to the number of words 

spelled incorrectly divided by the number of total words written (NTW), an approach 

recommended by Price and Jackson (2015).  Research assistants coded misspellings in students’ 

written language samples using Systematic Analysis of Language Transcript software (SALT; 

Miller & Chapman, 2012) when: 1) an illegal letter sequence was used (e.g., TTEP), 2) a letter or 

letter combination, although allowable, did not represent the correct spelling of the word (e.g., 

RANE for RAIN), or 3) grapheme(s) did not represent the intended phoneme(s) (e.g., P for B).  

Thus, any word written with an orthographic representation not found in English was coded as a 

spelling error. Words that were spelled correctly but were grammatically incorrect (e.g., THERE 

for THEIR) were not coded as a spelling error, as the error may also reflect a syntactic, rather 

than orthographic, deficit.  All coded spelling errors were summed within a transcript and used 

as the numerator in the ratio, divided by NTW.  The proportion was then multiplied by -1 in 

order to interpret the value similarly to the WA subtest, where higher scores are representative of 

fewer spelling errors. This raw score was z-scored and used for all analyses. 

Inter-rater Reliability.  Twenty percent of students’ handwritten copies (n = 168) were 

compared to the typed transcripts in order to check reliability. Of these, 150 transcripts (89%) were 

identical (i.e., 100% inter-rater agreement) to the students’ handwritten copies in terms of the 

preservation of word entry (words were typed as they were written on the hard copy; no errors of 

word omission or addition) and 105 transcripts (62%) were identical to students’ handwritten 

copies in terms of the preservation of student spelling (words were typed as they were spelled on 

the hard copy). Of the transcripts that differed between their handwritten and electronic versions, 
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the electronic versions were 98% reliable in terms of word entry and 99% reliable for preservation 

of spelling errors.  Combining all identical and non-identical transcripts together, inter-rater 

reliability was 99% for preservation of word entry and 99% for preservation of spelling errors. 

Disagreements were often the result of raters differing in his/her ability to read the handwriting of 

a student. Inter-rater agreement was calculated by dividing the total number of agreements (e.g., 

number of words identically entered; number of words spelled exactly the same) by the sum of the 

total agreements plus disagreements and multiplying by 100.  

In addition, 20% of the electronic transcripts were randomly selected, segmented into c-

units and coded for spelling errors, as well as main and subordinate clauses by the author to 

ensure reliability of utterance segmentation and spelling/clause coding.  The same approach to 

calculate reliability was used (i.e., number of agreements divided by sum of agreements plus 

disagreements, multiplied by 100).  Given a total of three additional raters, inter-rater reliability 

ranged from 94-97% for c-unit segmentation and 92-99% for coding of spelling errors.  In 

addition, agreement for main and subordinate clause coding was calculated between the author 

and one additional rater (98%  and 97% agreement, respectively)  

Statistical Analyses 

Descriptive analyses, including means, standard deviations, ranges, and skewness were 

conducted. Variables were transformed using the most appropriate techniques when the 

normality assumption was violated.  Next, phenotypic correlations among variables (residualized 

on age, age squared, and gender) were conducted to demonstrate the relationship among 

measures of literacy using the following interpretation guidelines for r : .1 - .3 = weak; .4 - .6 = 

moderate; and .7 - .9 = strong (Dancey & Reidy, 2004). In addition to using these residualized 

variables in phenotypic analyses, all quantitative genetic modeling was also conducted on the 
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residualized data (McGue & Bouchard, 1984).  Residualizing on these variables in done in order 

to control for any effect of age or gender, which may be especially important when analyzing 

data from a wide age-range and opposite gender DZ twin pairs, as is done in this investigation.  

Phenotypic correlations, along with a theoretical understanding of how the variables 

relate to each other, were then taken together to develop and test a phenotypic model with three 

latent variables using confirmatory factor analysis.  The following latent variables, along with 

their associated indicators were tested using a randomly selected twin from each pair:  reading 

comprehension (FAIR Reading Comprehension, FCAT Reading), spelling (FAIR WA, % words 

spelled incorrectly), and syntactic ability in writing (MLU, CD).  Latent constructs, compared to 

observed variables, better represent performance in a given area, as the shared variance between 

multiple indicators is used as an estimate while consequently separating out measurement error.  

Therefore, using MPLUS version 7.11 (Muthén & Muthén, 1998-2012), the three factor, latent 

variable model was tested.  The following recommended criteria were used to assess goodness of 

fit: non-significant χ2 test (McDonald & Ho, 2002); Root Mean Square Error of Approximation 

(RMSEA) values less than .085; Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI)  

values greater than .95, and SRM values below .05 (Kline, 2011). It should be noted that it 

becomes increasingly difficult to retain the null hypothesis of the chi-square statistic as sample 

size increases (Kilne, 2011), and therefore the model-data fit was interpreted in the context of 

multiple indices.  A model with adequate model-data fit was retained and used in subsequent to 

assess the influence of common and unique genetic and environmental influences. 

 In order to determine univariate estimates of heritability, shared environmental, and non-

shared environmental influences on all variables, twin intraclass correlations and 95% 

confidence intervals were calculated.  Intraclass correlations were compared to the multivariate 
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estimates calculated for the latent variable model (i.e., best fitting model from previous CFA 

results) with Mx Statistical Modeling software (Neale, Boker, Xie, & Maes, 2006).    

Multivariate estimates of genetic (A), environmental (C), and non-shared environmental 

(E) influences on literacy abilities utilized the variance and covariance estimates among the three 

factors and decomposed the variance into three sets of  biometric factors (i.e., genetic and 

environmental) using a trivariate Choleskly decomposition model. The first set of factors, 

marked with the subscript of 1, indicate the genetic (A1), environmental (C1), and non-shared 

environmental (E1) influences among reading, spelling, and writing. The next set of factors (A2, 

C2, E2) indicate the respective genetic, environmental, and non-shared environmental influences 

between spelling and writing, after controlling for the overlap previously explained by reading.  

Finally, the last set of factors (A3, C3, E3) provide information regarding the genetic, 

environmental, and non-shared environmental influence on syntactic ability in writing, after 

controlling for the overlap of reading and spelling (biometric factors 1 and 2, respectively). 
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RESULTS 

Descriptive statistics for the measures of literacy are shown in Table 1.  Data reflect 

standard scores for FAIR RC and WA (M=100, SD=15), developmental scale scores for FCAT 

RC, and raw scores for all variables derived from students’ writing samples: TU, NTW, NDW, 

MLU, and CD.  The sample means, standard deviations, and ranges for state-administered 

assessments appear to reflect the larger population mean and standard deviation. With respect to 

the narrative writing sample, participants wrote approximately 20 c-units, consisting of 178 

words.  The average c-unit length was 10 words per sentence (MLU), with close to 2 clauses per 

sentence (CD).  The ranges for samples derived from the narrative writing task reflect ample 

variability, with participants writing anywhere between 5 and almost 800 words.  Although 

several measures of writing ability are displayed in Table 1, only measures of syntactic 

complexity (MLU and CD) were used in subsequent analyses.  The removal of additional writing 

variables was necessary for subsequent analyses as both MLU (MLU = NTW/TU) and CD (CD 

= Number of clauses /TU) are mathematically derived from TU and NTW and therefore should 

not be included within the same model.  NDW, a measure of vocabulary diversity, is also related 

to NTW when calculated appropriately by controlling for the total number of words produced in 

sample, and therefore was also not included in subsequent analyses.  Skewness values were 

within acceptable limits to assume a normal distribution (values within +/- 2; Kline, 2011)  for 

the majority of variables, with the exception of % Words Incorrect which was positively skewed 

(skewness = 2.51).  Positive skewness and visual inspection of the histogram for % Words 

Incorrect revealed that most students spelled few words incorrect relative to the total words 

produced.  Therefore, % Words Incorrect was transformed using an Arc Sin transformation, the 

most appropriate transformation as the variable represented a proportion ranging from 0 to 1 
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(Howell, 2013).  The transformation was successful in normalizing the distribution, as indicated 

by a decrease in skewness (0.63), and was therefore used for subsequent analyses. Variables 

residualized on age, age squared, and gender were used for all analyses beyond descriptive 

statistics. These residualized variables were created using regression and transformed to z-scores 

in order to create a common metric. 

Measurement Model 

In order to analyze the twin data using a behavioral-genetic approach, it was important to 

first ensure that the measurement model demonstrated adequate fit to the data.  Therefore, a 3-

factor confirmatory factor analysis was run in Mplus 7.1 (Muthén & Muthén, 2012) and tested a 

phenotypic model which contained latent constructs for reading comprehension, spelling, and 

written syntactic complexity, each with two indicators (FAIR Reading Comprehension and 

FCAT Reading as indicators of Reading Comprehension; FAIR Word Analysis and % Words 

Incorrect as indicators of Spelling; and MLU and CD as indicators of Written Syntactic 

Complexity).  This analysis used data from only one member of each twin pair (n = 412) in order 

to maintain independence of observations.  Figure 1 displays the standardized factor loadings, 

residual variances, and correlations among the reading, spelling, and writing constructs. Standard 

errors are displayed in parentheses next to each estimate. The model demonstrated adequate 

model-data fit (Hu & Bentler, 1998) : χ2 (6) = 18.71, p = .005; CFI = .983; TLI = .957; RMSEA 

= .07 (CI [.036, .110]); SRMR = .024. The indicators for each latent construct were significant (p 

<.01 and positively related to their corresponding factor. The measure of spelling derived from 

the written narrative (% Words Incorrect), although a significant indicator of the spelling factor, 

had a loading of only .35.  As such, the spelling factor only explained 12% of the total variation 

in % Words Incorrect, indicating that perhaps although the measure was indicative to some 
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extent of spelling performance, it may not reflect a high-quality assessment of spelling ability, 

possibly due to student avoidance of words that he/she is unaware of how to spell (Moats, 

Foorman, & Taylor, 2006).  The measure of CD and, to an even greater extent, MLU, were 

strong indicators of written syntactic complexity.  Indeed, the latent construct of written syntactic 

complexity explained 97% of the variation in MLU while also explaining 70% of the variation in 

CD.  Overall, this model adequately described the data and was therefore used in subsequent 

analyses. 

Pearson Product-Moment Correlations 

Phenotypic correlations among the standardized (i.e., z-scores) variables residualized on 

age, age squared, and gender are presented in Table 2. All variables, regardless of which 

construct they measure, are significantly and positively related to each other (rs = .09-.80). 

However, the strongest correlations are observed among measures of the same construct 

(indicators of reading comprehension correlated at .73; indicators of written syntactic complexity 

correlated at .80), with the exception the two indicators of spelling, which are weakly correlated 

at r = .33. Measures of reading comprehension are moderately related to the FAIR WA (rs = .51-

.60), with weaker relationships found among reading comprehension indicators and % Words 

Incorrect, MLU, and CD (rs =.13-.28).   

Intraclass Twin Correlations 

Intraclass twin correlations were conducted next to better understand the genetic and 

environmental influences on the reading, spelling, and writing variables of interest.  Table 3 

displays MZ and DZ correlations.  Genetic influences are indicated on variables for which the 

MZ correlation is larger than the DZ correlation, as both sets of twins are assumed to experience 

shared environmental influences.  The observed intraclass correlations indicate a genetic 
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influence on all measures, as the MZ correlations (rs = .10 - .78) are all larger than the DZ 

correlations (rs = .02-.62).  Interestingly, several of the measures derived from students’ writing 

samples show much smaller intraclass twin correlations than those observed on the FAIR or 

FCAT.  Also of interest is that the MZ correlation for MLU (.22) is only slightly larger than the 

DZ correlation (.18).  The similarity in the two correlations indicates a minimal influence of 

genes on MLU and larger shared environmental influences and/or non-shared environmental 

influences, plus error.   On all measures, shared environmental influences are also implied as the 

MZ correlations are all less than double their respective DZ correlation.  The correlations also 

imply non-shared environmental influences (plus error), especially on measures derived from the 

written narrative sample (% Words Incorrect, CD, MLU), as none of the MZ correlations are 

equal to one. 

Univariate Analyses 

Using Mx, the investigator evaluated a univariate model to estimate the heritability (h2), 

shared environment (c2) and non-shared environmental (e2) influences (plus error) for each 

measure of literacy (Neale et al., 2006). These models utilized z-scored data, residualized on age, 

age squared and gender and reported 95% confidence intervals (CI) to assess the significance of 

the influence (CI that does not include zero is indicative of a significant estimate). See Table 3 

for results.  Significant genetic influences are shown for measures of reading comprehension (h2 

= .39 and.49, respectively) and for the FAIR WA measures of spelling (h2 = .79); however, no 

significant genetic influences are observed for a measure of spelling calculated from students’ 

written narrative sample (% Words Incorrect; h2 = .30) or for written syntactic complexity (CD 

and MLU; (h2 = .00-.08)), also derived from the written narrative.  These results support the 

findings from the twin intraclass correlations (also in Table 3), as very little genetic influence (as 
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indicated by a small difference in the MZ and DZ correlations) was observed for measures of 

Syntactic Complexity.  Only FCAT Reading Comprehension had a significant shared 

environmental influence (c2 = .35), while all other environmental influence estimates contained 

zero in the 95% confidence interval.  Significant non-shared environmental influences (plus 

error) were observed on all measures (e2 = .17-.91), with the largest estimates of a non-shared 

environmental influence, plus error, observed for a measure of spelling (% Words Incorrect, e2 = 

.62) and both measures of written syntactic complexity (CD, e2=.91; MLU, e2 =.80).  Due to the 

univariate nature of these analyses, these non-shared environmental influence estimates also 

contains measurement error.  To determine if the large non-shared environmental influences 

were primarily due to error, an additional, initially unplanned analysis, was conducted. 

Common Pathways Model 

 The investigator evaluated a common pathway model to estimate the genetic, 

environmental, and non-shared environmental influences on a single shared latent phenotype of 

written syntactic complexity.  This latent variable was comprised of both MLU and CD.  Due to 

the latent structure of this model, the influences on the construct of syntactic complexity are 

reliably estimated (i.e., without measurement error; Gayán & Olson, 2003).  Therefore, a 

significant non-shared environmental influence in this model is indicative of child-specific 

influences on syntactic complexity rather than measurement error. Results from the common 

pathways model conducted using Mx were similar to that of the univariate analyses, with non-

significant genetic influences on the latent construct of written syntactic complexity (h2 = .00 [CI 

.00-.22]), non-significant shared environmental influences (c2 = .00 [CI .00-.23]), and large 

significant non-shared environmental influences (e2  = .88 [CI .77-.99]).  These findings suggest 
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that the shared variance measured by the construct is not due to error alone but rather child-

specific influences.  

Multivariate Analyses 

 In order to examine the common genetic, environmental, and non-shared environmental 

influences on the covariances among reading comprehension, spelling, and written syntactic 

complexity, the investigator conducted a trivariate Cholesky decomposition (biometric) model 

on the previously evaluated phenotypic model.  Written syntactic complexity served as final 

latent factor in the model so as to measure any unique genetic and environmental influences on 

writing that were independent from reading comprehension and spelling. Findings from this 

model are displayed in Figure 2. Unique and shared genetic and environmental estimates are 

displayed for all latent variables.  It is important to note that because latent variables were used 

(in contrast to observed variables in univariate analyses), the non-shared environmental estimates 

(E) do not contain any error within the influence estimates, as measurement error is removed 

from the factor solution (Gayán & Olson, 2002). 

 The first set of biometric factors (A1, C1, and E1) provide estimates of the common 

genetic, environmental, and non-shared environmental influences that overlap for reading 

comprehension, spelling and written syntactic complexity.  The second set of biometric factors 

(A2, C2, E2) show the common genetic and environmental influences among spelling and written 

syntactic complexity, after accounting for those overlapping between reading comprehension, 

spelling, and written syntactic complexity.  The final set of biometric factors (A3, C3, and E3) 

provide estimates of the unique genetic, environmental, and non-shared environmental estimates 

on written syntactic complexity after accounting for influences overlapping among all three 

factors. Significant estimates here (95% CI does not include 0.00) are indicated by a bolded path.  
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 Significant genetic influences were found for reading comprehension (path estimate of 

.75), as well as for the genetic overlap between reading comprehension and spelling (path 

estimate of .67), suggesting that performance in the two areas is influenced by a common genetic 

influence; however, the common genetic influence among reading comprehension and written 

syntactic complexity was not significant (path estimate of .24), thereby suggesting that genetic 

influences important for reading comprehension may be different than those for syntactic 

complexity in writing.  A significant shared environmental influence was also observed for 

reading comprehension (path estimate of .62); however, common shared environmental 

influences were not significant for spelling (path estimate of .24) or written syntactic complexity 

(path estimate of .15). The non-shared environmental influence on reading comprehension was 

also significant (path estimate of .25), although it did not significantly overlap with the other 

factors.  Turning to the second set of biometric factors, a significant genetic influence was 

observed for spelling (path estimate of .65) but this did not significantly overlap with writing 

(path estimate of .03).  Shared and non-shared environmental influences were not significant; 

however, the large non-shared environmental influence found for syntactic complexity appeared 

to have cross-loaded onto the non-shared environmental influence on spelling.  The reason for 

this cross-loading is unknown.  The third set of biometric factors indicated no unique genetic or 

environmental estimates present for writing alone, after accounting for the overlap among 

writing and the other factors (estimates of .00 for all influences).  The null estimates for the third 

set of biometric factors may have indicated low power.  Therefore, as a post-hoc analysis, the 

investigator conducted a final set of two bivariate Cholesky decomposition models. 
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Post-hoc Bivariate Analyses 

 Similar to multivariate analyses, the common genetic, shared-environment, and non-

shared environmental influences between reading comprehension and written syntactic 

complexity, as well as between spelling and written syntactic complexity, were estimated using 

Cholesky decomposition models.  In these models, the unique influences on written syntactic 

complexity are estimated after accounting for the overlap with reading comprehension (see Table 

4) or spelling (see Table 5), respectively. 

Reading & Syntactic Complexity 

Similar to the trivariate model, significant genetic influences (path estimate of .74) were 

found for reading comprehension and the genetic overlap with written syntactic complexity 

remained non-significant and of a similar magnitude. (path estimate of .21).  This finding 

suggests that the genes that influence reading comprehension are different than the genes that 

influence written syntactic complexity.  Again, similar to the trivariate model, a significant 

shared environmental influence was found for reading comprehension (path estimate .61) and the 

overlap with syntactic complexity remained non-significant and of a similar magnitude (path 

estimate of .21).  In contrast to the trivariate Cholesky model, the non-shared environmental 

influence on reading comprehension no longer maintained its significance although it remained 

similar in magnitude (path estimate .26); however, the overlap with written syntactic complexity 

remained non-significant and of a similar magnitude (path estimate of .00).  Turning to the 

second set of biometric factors, unique estimates of the genetic and environmental influences on 

writing were estimated.  Unique non-significant genetic (path estimate of .00) and shared-

environment (path estimate of .36) were found, with the large unique non-shared environmental 

influence on written syntactic complexity re-emerging (path estimate of .88).    
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Spelling & Syntactic Complexity 

When looking at the overlap between latent constructs of spelling and written syntactic 

complexity, significant genetic influences were observed on spelling (path estimate .74), as well 

as the overlap between spelling and syntactic complexity (path estimate .69).  Significant shared-

environmental influences were also found for spelling (path estimate .62); however, the overlap 

with syntactic complexity remained non-significant (path estimate .23).  A significant non-shared 

environmental influence on spelling was also observed (path estimate .26).  These non-shared 

environmental influences did not significantly overlap with syntactic complexity (path estimate 

of .19).  The second set of biometric factors revealed a unique, significant genetic influence on 

syntactic complexity (path estimate .66) that was not previously accounted for by the genetic 

influences on spelling.  No unique shared- or non-shared environmental influences were found 

for syntactic complexity after accounting for the overlap with spelling (path estimates of .00 and 

.00, respectively).  
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DISCUSSION 

Phenotypic research suggests that literacy skills are strongly related to one another. 

Although environmental etiologies (e.g., educational interventions) have been investigated and 

may account for growth observed in multiple literacy abilities, genes common and/or unique to 

reading, spelling, and writing skills are far less understood.  To date, only three investigations 

have utilized a behavioral genetic approach to understand the genetic and environmental 

influences among tasks of “language by eye” and “language by hand” (reading and writing, 

respectively). Therefore, it was the goal of the current investigation to further understand how 

reading, spelling, and writing skills are related due to underlying etiologies that influence 

performance in all three literacy abilities. In this discussion, I will (1) provide evidence for the 

validity of syntactic complexity measures used to represent written language ability within the 

current investigation, (2) compare the findings of this study to related behavioral genetic work, 

(3) discuss possible reasons for the discrepancy between my hypothesized and current findings, 

and (4) suggest implications of the findings and suggestions for future research. 

Measurement Validity of Syntactic Complexity 

A latent construct of syntactic complexity (with indicators of MLU and CD) was chosen 

to represent written language ability, as syntactic skills relate to reading comprehension 

outcomes (e.g., Cain, 2007) and are commonly used to analyze the writing of older students and 

adolescents (e.g., Nippold et al., 2008; Sun & Nippold, 2013). Although measures of written 

syntactic complexity have not been used in behavioral genetic research, means and standard 

deviations for MLU and CD observed within the current sample of third through eighth grade 

students are similar to what has been reported by other researchers (e.g., Sun & Nippold, 2012).  

In addition to the high inter-rater reliability in segmenting utterances and coding main and 
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subordinate clauses, the similarity in descriptive statistics between this study and others who 

have used same indices of written language provide additional support for the validity of these 

measures.   

Additionally, although the large non-shared environmental influences, especially within 

univariate analyses, may initially be thought to indicate substantial measurement error within 

measures of MLU and CD, this may not be the case.  The common pathways model, using a 

latent variable approach to remove measurement error, estimated significant non-shared 

environmental influences on the construct of written syntactic complexity.  This finding revels 

that child-specific factors are at work and cause twins to perform differentially on traditional 

syntactic measures of language in writing.  As this was the first investigation to employ measures 

of syntactic complexity derived from written language samples using SALT software, 

comparisons to estimates of genetic and environmental influences from other studies are nearly 

impossible, and therefore researchers are unfortunately left to speculate as to the possible causal 

non-shared environmental influences that result in twins performing differently. 

Comparison of Findings with Previous Investigations 

 The goal of the current study was to extend the findings from recent bivariate analyses of 

reading and writing by including a trivariate analysis that assessed the etiological similarities 

among reading, writing, and spelling. However, low power may have degraded the estimates 

from the trivariate model and therefore post hoc bivariate models were also utilized. Several 

conclusions may still be drawn and the discussion will highlight univariate, bivariate, and 

trivariate findings when appropriate.  

First, similar to previous behavioral genetic investigations, univariate and multivariate 

analyses revealed significant genetic and non-shared environmental influences on measures of 
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reading comprehension (e.g., Soden et al., 2015).  Although less commonly observed in older 

students, significant shared environmental influences on reading comprehension were also 

found; however, other studies using the same state of Florida measures also reported significant 

shared environmental influences for students beyond the first grade (e.g., Hart, Soden, Johnson, 

Schatschneider, & Taylor, 2013; Little, Hart, Schatschneider, & Taylor, 2014).   

Spelling also proved to be highly heritable in both univariate and multivariate models.  The 

trivariate Cholesky decomposition model revealed significant genetic overlap between reading 

comprehension and spelling, a finding that further enhances our understanding of the genetic 

overlap previously found between measures of lower-level measures of reading (i.e., decoding) 

and spelling (e.g., Bates et al., 2007; Byrne et al., 2008). In addition to the genetic overlap with 

reading comrepehsnion, unique genetic influences were also observed for spelling.  Whereas 

comprehension blends multiple cognitive and linguistic abilities, the unique genetic influences 

on spelling beyond those already explained by reading comprehension may be the result of the 

specific orthographic, phonological, and morphologic skills required to spell – or even more 

broadly, simply due to the differences in receptive versus productive tasks. The genetic overlap 

from reading comprehension to written syntactic complexity was not significant, implying that 

the genes contributing to reading and spelling are different than those that contribute to syntactic 

skills. 

Looking at spelling within the bivariate model, significant genetic influences were also 

observed with additional overlapping genetic influence on written syntactic complexity.  Motoric 

skills for writing, as well as the underlying linguistic blocks (e.g., phonological, orthographic, 

and morphological skills) needed for both of these “language by hand” skills may provide an 

explanation regarding the nature of the shared heritable influences between the two skills. 
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Additionally, significant shared and non-shared environmental influences were found on 

spelling; however, a significant non-shared environmental overlap to syntactic complexity was 

not found.  Therefore, shared- and non-shared environmental factors that work to make twins’ 

spelling more or less similar (e.g., classroom spelling instruction, avoidance of writing words for 

which the spelling is unknown; Moats, Foorman, & Taylor, 2006) are different than the shared 

and non-shared environmental influences on written syntactic complexity.  This finding makes 

intuitive sense, as spelling and syntax differ in the amount of instructional supports provided in 

school or at home, with spelling instruction, although limited and possibly incidental (e.g., 

Schlagal, 2002) , more common than syntactic instruction.  Also, there is no research that I am 

aware of that suggests children specifically avoid writing complex syntactic structures due to 

possible internal fears of producing an incorrect clausal sequence, similar to what is observed in 

spelling (Moats et al., 2006) (and may be considered a non-shared environmental influence).  

Beyond the genetic influences explained by spelling, unique genetic influences were also 

observed for written syntactic complexity. These unique genetic influences may be due to 

additional linguistic and cognitive abilities, such as the ability to form and link multiple clauses – 

skills that are not required in order to spell words correctly.   

Hypothesized Reasons for Discrepancies 

There is a variety for possible and plausible reasons for the negligible genetic influences 

and large non-shared environmental influences on overlapping and unique to measures of 

reading, spelling, written syntactic complexity that were observed within the current 

investigation, yet not found by previous studies.  These findings may be explained by exploring 

the following factors: (1) measurement and statistics, (2) unmeasured but influential 
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environmental factors, and (3) the preference to represent performance on a quantitative 

continuum rather than as qualitative groups.  

Measurement and Statistics 

To begin, although I observed significant phenotypic correlations among all traits, and 

thus may hypothesize that underlying etiologies may explain the observed relationships, the 

correlation coefficients  observed in the current investigation were small (rs range .09 to .30).  

Despite significant relations among all measures of literacy, statistical significance may be a 

result of the large sample size utilized within this investigation rather than real, meaningful 

relationships. With increasingly large samples, significant relations among measures are 

common, even when the measures may not show significant correlations in a smaller sample (C. 

Schatschneider, personal communication).  Additionally, previous quantitative genetic work has 

found that even among measures of the same latent construct (e.g., spatial ability), measures may 

be phenotypically correlated, yet have drastically different levels of familial resemblance 

(DeFries et al., 1979).  Going a step further, measures may appear to assess similar skills or 

similar underlying constructs, and thus present with face validity, but differ in their relations to 

other measures when combined in a model.  With respect to measures of literacy, there is 

evidence that due to assessment characteristics, different tools thought to measure the same 

construct fluctuate in their genetic and/or environmental covariation with other  measures of 

language or literacy (Betjemann, Keenan, Olson, & DeFries, 2011).  

Lastly, the FAIR WA and Reading subtests were designed by the state of Florida 

specifically to allow teachers to predict student performance on the end-of-year FCAT exams 

(including FCAT Reading Comprehension).  Significant relationships observed among FAIR and 

FCAT measures may be slightly inflated compared to the relationships observed among different 
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assessments of reading comprehension and spelling.  The extent to which this influenced the 

genetic and environmental overlap between the two constructs is unknown; however, future 

investigations of the etiological overlap among literacy skills using a variety of assessments will 

allow us to untangle this further.  Taken together, these explanations may provide some insight 

as to why significant phenotypic correlations among measures of reading, spelling, and writing 

were observed, yet I found minimal common etiological influences among the measures of 

literacy. 

Unmeasured Influential Environmental Factors 

Turning to aspects of the twins’ environment (whether shared or non-shared), several other 

explanations may assist in explaining the findings of low genetic influence and high non-shared 

environmental influence on measures of writing. For example, other behavioral genetic 

investigations of the common and unique etiologies on reading and writing have sampled reading 

and writing skills using similar assessment methods (e.g., teacher rating scales) or contexts (e.g., 

all assessments administered within a controlled laboratory setting) when measuring both 

reading and writing.  The measures utilized within this study are unique in that reading 

comprehension and one of the spelling measures (FAIR WA) were administered by students’ 

teachers within a classroom environment, while the written narrative sample was administered 

by parents at home.  Students may believe that parents and teachers place different expectations 

upon them while completing the different tasks; however, it was beyond the scope of the current 

investigation to determine if, and to what extent, the assessment administration contexts differed 

between home and school.  It seems plausible, however, that students may have been more 

attentive and motivated to perform on measures administered at school than on measures 

administered at home.  With respect to the latter, although parents were encouraged to give their 
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twins 10 minutes to write, the extent to which parents followed these assessment procedures is 

unknown.  It is possible that some parents provided encouragement and assistance during the 

writing task that was not provided within a twin pair in the same manner, or more generally, was 

not provided by teachers during reading or spelling assessments at school. Additionally, students 

may be tired after a long day of school or anxious to complete the task in order to engage in more 

motivating experiences (e.g., playing outside with friends, watching TV, playing a video game). 

These explanations may provide a hypothesis as to why large non-shared environmental 

influences were observed on writing, as it seems logical to assume that some of these seemingly 

idiosyncratic influential factors may affect twins differentially.  

Motivation for learning is generally regarded as a highly heritable trait (Kovas et al., 2015), 

yet other findings suggest that motivation for reading may be significantly influenced by non-

shared environmental etiologies (Schenker, Wang, Lukowski, Doran, & Petril, 2015).  Measures 

of motivation for writing do not exist, to my knowledge, but it may be logical to hypothesize that 

if motivation for reading has substantial non-shared environmental influences, the same 

influential factors may be explain the variance observed in writing as well.  This assumption 

would then also provide an additional explanation for the large non-shared environmental 

influences observed in both univariate and multivariate analyses of writing (as measured by 

syntactic complexity) within the current investigation.  To assess this, future studies may wish to 

include measures of student motivation for writing, such as time spent on task or ratings of 

students’ attitudes towards writing, in order to increase our understanding of the influential 

environmental factors that cause twins to perform differently from one another.  

Related to the concept of motivation, is a limitation of the current investigation that only one 

writing sample was obtained from students. In phenotypic research, it is commonly 
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recommended to obtain more than one oral or written language sample (Nippold, 2010), as a 

single sample may not be representative of students’ ability.  Factors such as a student’s 

background knowledge of a given topic, familiarity with the stylistic structure (e.g., narrative, 

expository, persuasive), motivation for writing, as well as mood at the time of writing may all 

influence the written (or oral) language sample of a student.  Whereas this study included 

assessment of reading and spelling at two time points (i.e., different assessments were used on 

different days), students’ writing was assessed using a single assessment on a single day 

(although multiple measures were derived).  Future research in this area may benefit from 

researchers including multiple samples of student writing using a variety of prompts (e.g., 

narrative, expository).  

Possibility of Subgroups 

Educational researchers commonly prefer to think of individual differences within a trait 

as resenting a continuum of ability rather than qualitative differences among groups (Plomin & 

Kovas, 2005); however, DeThorne and colleagues (2010) reported surprising findings that larger 

correlations were observed among conversational language and reading measures within a group 

of students with a history of language impairment than in total sample also containing children 

who were typically developing.  When merging these children with the larger group (and 

therefore a larger sample size), the observed correlations were smaller in magnitude and fewer 

significant relationships were observed. Therefore, the authors found that a history of language 

impairment moderated the relationship between measures from conversational language (e.g., 

MLU, number of conjunctions) and formal assessments of reading ability in that “differences in 

semantic and morphosyntactic skills have a larger impact on reading development in the group 

with a reported history of language difficulties because their reading development is more 



42 

 

dependent upon such skills due to deficits in other areas” (p.219).   Within the current 

investigation, all children, regardless of ELL or disability status, were retained for all analyses.  

The finding from DeThorne et al. may imply that within an older sample, yet with similar 

naturalistic measures of language, differential findings may be observed if one was to compare 

the phenotypic and genetic/environmental estimates among groups based on ELL or disability 

status.  Subgroup analyses were beyond the scope of the current investigation and are therefore 

an area of future research.  

Additional Limitations 

General limitations of BG research also apply in interpreting the results of the current study.  

Although we can estimate a proposed model of shared and non-shared environmental influences, 

we cannot know the extent or specific nature of the influence of passive gene-environmental 

correlation, in that parents who pass the genes to the children, also comprise some but not all of 

the environment in which the children are being raised.  Similarly, other researchers argue the 

environment-genetic relationship is complicated to disentangle, as they have pointed out that 

there may be an evocative gene-environment correlation (McGue, 2008) in that their genetically 

influenced traits or skills evoke a particular environmental influence from teachers, parents, 

friends, or peers.  Along similar thinking, others have argued an active gene-environment 

correlation that cannot be disentangled, in that children who are genetically good readers might 

actively construct or seek out a particular environmental influence that complements their 

inherited abilities or particular interests.  

Implications 

To date, this is only the fourth investigation of the common and unique etiologies 

underlying written language skills.  The finding that variation in reading comprehension and 
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written syntactic complexity were not influenced by common genes was surprising; however, 

reflection on possible reasons for this finding compared to previous work, reveal several 

plausible explanations.  If the non-shared environmental influences on children’s written 

syntactic complexity are meaningful, then the findings from this study have several implications 

to investigate variables specific to an individual child that result in differences within a twin pair 

in syntactic complexity. Furthermore, although the current investigation measured writing ability 

using measures of syntax, phenotypic research suggests that multiple dimensions of writing exist 

(e.g., Kim et al., 2014; Puranik et al., 2008; Wager et al., 2011) and each may be differentially 

related to reading comprehension and spelling ability through different patterns of genetic and/or 

environmental covariation. Implications for instruction may exist that depend on these 

covariations.  For example, if heritability for macro-structure organization in writing 

significantly overlaps with the heritability in reading comprehension, more effective instructional 

practices may be developed to enhance the skills in both areas for which a student may be 

predisposed.  The findings for this study, when compared to the findings of previous work 

(Kovas et al., 2007; Oliver et al., 2007; Olson et al., 2013), provide additional implications for 

how one should measure writing.  The significant genetic influences common to norm-

referenced assessments of reading comprehension and writing fluency, although meaningful, do 

not reflect the relationship between tasks that students are required to complete during high-

stakes assessments of writing. Discourse-level writing tends be assessed most often and therefore 

should be included when attempting to understand the genetic and environmental etiologies 

among measures of literacy.  Although we may not find strong genetic or environmental overlap, 

as also evidenced in the work of DeThorne and colleagues (2012), “if we are to make the most 
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difference in children’s everyday lives, the ultimate goal must be to understand causal influences 

on meaningful discourse” (p. 221).  
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Table 1 

Descriptive Statistics for Criterion-Referenced and Written Language Measures 

 

Variable n M SD Range Skewness Kurtosis 

Reading 

Comprehension            

FAIR RC 411 105.27 15.19 69 - 155 0.48 -0.28 

FCAT RC 536 229.18 3.44 152 - 296 -0.08 0.16 

Spelling       

FAIR WA 382 100.76 15.27 54 - 138 0.28 0.32 

% Words Incorrect 821 2% 3% 0 - 20% 2.51 8.23 

Arc Sin 

Transformation 821 0.24 0.18 .00 - .94 0.63 0.46 

Written Narrative       

TU 821 19.67 12.12 1 - 108 1.68 5.75 

NTW 821 177.68 103.81 5 - 775 1.16 2.2 

NDW 821 93.21 44.65 5 - 279 0.79 0.82 

MLU 821 9.36 2.51 2 - 30 1.72 8.32 

CD 821 1.8 0.43 1 -5 1.27 4.69 

Note: FAIR = Florida Assessment for Instruction in Reading; RC = Reading 

Comprehension; FCAT = Florida Comprehensive Assessment Test; WA = Word 

Analysis; TU = Total Utterances; NTW = Number of Total Words; NDW = Number of 

Different Words; MLU = Mean Length of Utterance; CD = Clausal Density. 
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Table 2 

Phenotypic Correlations Among Measures of Reading Comprehension, Spelling and Written Syntactic 

Complexity 

 

  FAIR RC FCAT RC FAIR WA %WI MLU CD 

Reading Comprehension (RC)            

FAIR RC       

FCAT RC .73**      

Spelling       

FAIR WA .51** .60**     

% Words Incorrect (WI) .21** .28** .33**    

Written Syntactic Complexity       

MLU .25** .24** .30** .09*   

CD .14* .13* .21** .11* .80**  

Note: * = p < .01.           
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Table 3 

Twin Intraclass Correlations and Univariate Estimates for Heritability (h2), Environmental (c2), and 

Nonshared Environmental (e2) Influences 

 

 Twin Intraclass Correlations  Univariate Estimates 

Variable MZ  DZ  h2 (CI)   c2 (CI)  e2 (CI) 

Reading Comprehension          

FAIR RC .67*  .48*  .39 (.06-.75)  .28 (.00-.56)  .33 (.24-.45) 

FCAT .78*  .62*  .49 (.30-.72)  .35 (.13-.57)  .17 (.13-.23) 

Spelling          

FAIR WA .76*  .33*  .79 (.57-.99)  .00 (.00-.17)  .23 (.16-.32) 

% Words Incorrect .38*  .23*  .30 (.00-.52)  .08 (.00-.34)  .62 (.51-.76) 

Written Syntactic Complexity         

CD .10*  .02*  .08 (.00-.20)  .00(.00-.15)  .91 (.78-1.07) 

MLU .22*  .18*  .00 (.00-.28)  .20 (.00-.30)  .80 (.69-.92) 

Note: RC = Reading Comprehension; WA = Word Analysis; NDW = Number of Different Words; CD = 

Clausal Density; MLU = Mean Length of Utterance.  
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Table 4   

Bivariate Cholesky Decomposition Model for Reading Comprehension (Reading) and 

Written Syntactic Complexity (Writing) 

 

 

Common Influences Between 

Reading & Writing 

Unique Influences on Writing 

Reading & Writing 

Model A1 (CI) A2 (CI) 

Readinga .74 (.58-.90)  

Writingb .21(.00-.44) 0.00 (.00-.46) 

  C1 (CI) C2 (CI) 

Readinga .61 (.38 -.75)  

Writingb .19 (.00 -.49) 0.36 (.00-.47) 

  E1 (CI) E2 (CI) 

Readinga .26 (.00 -.41)  

Writingb .00 (.00-.91) 0.88 (.83-.94) 

Note: Confidence intervals (95%) are displayed in parentheses.  a Latent factor for reading 

includes FAIR Reading Comprehension and FCAT Reading. b Latent factor for writing 

includes Mean Length Utterance and Clausal Density. 
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Table 5 

Bivariate Cholesky Decomposition Model for Spelling and Written Syntactic 

Complexity (Writing) 

 

 

Common Influences Between 

Spelling & Writing 

Unique Influences on Writing 

Spelling & Writing 

Model A1 (CI) A2 (CI) 

Spellinga .74 (.58-.89)  

Writingb .69 (.43-.96) .66 (.28-.78) 

  C1 (CI) C2 (CI) 

Spellinga .62 (.39-.76)  

Writingb .23 (.00 - .48) 0.00 (.00-.43) 

  E1 (CI) E2 (CI) 

Spellinga .26 (.10 - .38)  

Writingb .19 (.00 - .39) .00 (.00-.32) 

Note: Confidence intervals (95%) are displayed in parentheses.  a Latent factor for 

spelling includes FAIR Word Analysis and % words spelled incorrect in language 

sample. b Latent factor for writing includes Mean Length Utterance and Clausal 

Density. 
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Figure 1 

Measurement Model 

 

Note: Standardized parameter estimates, residual variances and factor correlations for latent variables (standard errors in parentheses).  

FAIR = Florida Assessment for Instruction in Reading.  RC = Reading Comprehension.  FCAT = Florida Comprehensive Assessment 

Test. WA = Word Analysis. CD = Clausal Density.  MLU = Mean Length of Utterance.  
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Figure 2 

Trivariate Cholesky Decomposition Model for the Common and Unique Genetic and Environmental Influences on Reading, Spelling 

and Writing 

 

Note: Bolded pathways represent significant estimates based on 95% confidence intervals.  FAIR = Florida Assessment for Instruction 

in Reading. RC = Reading Comprehension. FCAT = Florida Comprehensive Assessment Test. WA = Word Analysis.  CD = Clausal 

Density. MLU = Mean Length of Utterance. 
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APPENDIX A  

 

FSU IRB APPROVAL 
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APPENDIX B  

 

TWIN SIMILARITY RATING 

 
 

ID: ______________ 

 

Twin Similarity Rating 

 

Please circle your answer for each item: 

 

1. How similar are the twins in their eye color: 

 

 1 Same color  2 Similar, different shade  3 Different color 

 

2. How similar are the twins in their natural hair color: 

 
1 Same color  2 Similar, different shade  3 Different color 

 

3. Would you say the twins are as alike as “two peas in a pod” or are they no more alike in 

appearance than ordinary brothers and sisters? 

 

 1 Like “two peas” 2 Ordinary likeness  3 Quite unlike  

 

4. Are the twins similar enough in appearance that people have difficulty telling them apart? 

 

 1 Never  2 Sometimes   3 Even family have difficulty 

 

5. Could the twins ever fool friends or family by pretending to be the other twin? 

 

 1 Yes   2 Maybe  3 No 

 

6. Please check one of the following: 

 

______ I give my permission for Dr. Hart, Dr. Schatschneider, and Dr. Taylor to include PMRN 

school data from my twins in their research.  The twins will be included in the Florida State 

Twin Registry maintained by Dr. Taylor. 

 

______ I do not give my permission for Dr. Hart, Dr. Schatschneider, and Dr. Taylor to include 

PMRN school data from my twins in their research.  The twin will not be included in the Florida 

State Twin Registry.  
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APPENDIX C 

 

STUDENT WRITTEN NARRATIVE SAMPLES 
 

1. Female, Seventh Grade 

C Something very unusual happened [MC]. 

C I walked [MC] in the door with my brother and found [MC] my dad on the couch and mom 

cleaning [SC] the kitchen. 

C Pretty normal so far.  

C But then I had [MC] to use [SC] the bathroom. 

C and when I came [SC] out something weird was going [MC] on,. 

C my brother was cleaning [MC],. 

C my dad was scrapbooking [MC],. 

C and my mom was watching [MC] some football game.  

C Everyone was doing [MC] the complete opposite of what they normally do [SC].  

C I figured [MC], maybe I shouldn’t have had [SC] all that sugar,. 

C maybe it’s causing [MC] some weird hallutionations|hallucinations[EO:S]. 

C So I went [MC] to my bathroom and put [MC] freezing cold water all over my face to snap 

[SC] me out of it.  

C So once again I headed [MC] outside to the living room. 

C and everyone was still acting [MC] different!  

C It was getting [MC] late. 

C so I started [MC] my homework and then ate [MC] dinner.  

C They were all treating [MC] me differently.  

C My mom and dad called [MC] me stupid, Lazy, and fat. 

C And my brother was actually being [MC] nice to me for once!  

C Should I be worried [MC] for him. 

C did they get abducted [MC] by alien/s or something? 

C Are they playing [MC] a joke on me? 

C Then some came [MC] behind me and said [MC], “chill, it’s [SC] opposite day”. 
 

3. Female, Fifth Grade 

C My mom bring [MC] a dog home. 

C He was [MC] mean to me. 

C he bit [MC] me. 

C I almost was bleeding [MC]. 

C It hurt [MC] me so hard. 

C His name [MC] Bentley. 

C he is [MC] a boy. 

C He is [MC] hairy. 

C My dad did not like [MC] him. 

C I did not like [MC] him too. 

C We still have [MC] him today. 

C He is [MC] 4 years old.  

C He is [MC] old. 
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