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Abstract 

Through the study of vulnerability and early risk factors, the increased chance of those 

with reading disabilities suffering from substance abuse can be possibly prevented and 

better ways to cope can be discovered. Previous studies have shown that low reading 

scores and abilities in adolescence can be an early sign of possible reading disorders and 

substance use in adolescence can be a risk factor for substance abuse later in life. The 

focus of this study was to explore the correlation between different reading ability 

measures and a substance use measure to determine if there is a correlation between the 

two risk factors. A twin study was also used to determine if any possible correlations 

were due to genetic factors, environmental factors, or both. This study was conducted 

using adolescent twin data collected from the Florida Twin Project on Reading, Behavior, 

and Environment. The substance use measure in this study focused primarily on alcohol 

use. It was hypothesized that lower reading abilities would mean a higher probability of 

substance use, and that this correlation would be caused by genetic factors. The results 

showed very few phenotypic correlations with statistical significance between the reading 

ability measures and the substance use measure. The twin correlations for the substance 

use measure proved to show the correlations with the most statistical significance. Only 

one cross-twin cross-trait correlation was found to be statistically significant between the 

reading ability measures and the substance use measure. The findings in this study do not 

provide evidence to support nor dispute the hypothesis since there did not appear to be a 

clear positive nor negative relationship between low reading ability and substance use in 

adolescents. The results did suggest non-additive genetics could be a causal effect on the 

relationship of substance use between twin pairs.  
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Introduction 

The knowledge of possible correlations between vulnerability factors and mental 

disorders can help psychologists in both finding possible preventative measures against a 

disorder forming and finding better ways to help people cope with a mental disorder. 

Learning disorders are a category of mental illnesses that should be studied more since it 

is common for those diagnosed with learning disabilities to have future risks of forming 

other psychological disorders and disruptive behaviors (Svetaz, Ireland, & Blum, 2000). 

Reading disorders, like dyslexia, in particular have been found to have high comorbidity 

with other mental disorders and problematic behaviors. One study had significant 

findings in those with reading disabilities being more likely to suffer from aggressive 

behavior and to also be diagnosed with other psychiatric disorders, like Attention-Deficit 

Hyperactive Disorder and depression (Willcutt & Pennington, 2000). By knowing that 

those diagnosed with reading disorders are more susceptible to future risks, preventative 

measures can start early to decrease the likelihood of possibly developing problematic 

behaviors and mental disorders. Research into reading disorders and their comorbidity 

with other psychological disorders and behaviors could prove to be beneficial in figuring 

out what makes those with a reading disability more vulnerable to developing 

psychological disorders and engaging in problematic behaviors.   

Evidence has found that a possible future outcome for those with reading 

disabilities is substance abuse. A study conducted in 2016 looked at dyslexia and drug 

use and dependence in homeless populations, and found that those suffering from 

dyslexia were about 20% more likely to be prone to drug and alcohol abuse than those 

who did not have dyslexia. (Macdonald, Deacon, & Merchant, 2016).  Another study 
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conducted in 2013 found that dyslexia rates were higher in drug treatment populations 

than in the average population, which suggests that those with dyslexia are more prone to 

substance abuse (Yates, 2013).  

While the research suggests that there is a positive correlation between reading 

disorders and substance abuse, there is very little research on whether those with reading 

disorders who may be more vulnerable to substance abuse can be identified earlier 

through a possible relationship of early risk factors for both reading disorders and 

substance abuse. Low reading ability appears to be a positive risk factor for reading 

disorders, as those diagnosed with dyslexia had lower ranges of reading scores than those 

without dyslexia (Shaywitz, Escobar, Shaywitz, Fletcher, & Makuch, 1992). Low reading 

scores can appear to be identifiers for dyslexia as early as first grade and the gap in 

reading scores from the average only continues to increase for those with dyslexia (Ferrer 

et al., 2015). Substance use in early adolescence shows to be a risk factor for later 

substance abuse and can even lead to the development of substance abuse disorders 

(Jordan & Andersen, 2017).  

This study was focused on finding if there was a correlation between low reading 

ability and substance use in adolescents. It also focused on seeing if the expected 

correlation was due to biological factors, environmental factors, or both. It can be 

difficult to determine if biological factors, like genetics, influence individuals with low 

reading scores to use substances or if environmental factors have more of an influence on 

this correlation. One study in 2012 showed that both genes and environmental influences 

have a strong correlation with substance abuse and usage (Kendler et al., 2012). 

However, while the study did provide evidence that drug abuse was closely tied to genes 
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associated with other mental disorders, it did not specify what types of mental disorders, 

such as reading disorders, nor did it have strong genetic proof since the study only used 

siblings versus adoptive siblings (Kendler et al., 2012).  

The purpose of this study was to find evidence of a correlation between reading 

ability and substance use, while also determining if this connection was due to genetic 

influences or environmental influences using a twin study. Twin studies are used when 

asking the “nature versus nurture” question. During a twin study, monozygotic (MZ) 

twins are compared to dizygotic (DZ) twins to show if a correlation is due to genetic 

and/or environmental factors. This is due to the fact that MZ twins share 100% of their 

genetic information while DZ twins share 50% of their genes. If the correlation of DZ 

twins is strong and is also similar to the correlation of the MZ twins, this could point 

towards the correlation being caused by shared environmental factors. If the correlation 

of MZ twins is greater than the DZ twins, this could mean that the connection could be 

caused more by genetic factors. Gender effects on the results for MZ and DZ twins were 

also looked at.  

 It was hypothesized that low reading ability makes people more vulnerable to 

substance use in adolescence, and that this link is caused more by genetic influences than 

environmental influences. The expected results of this experiment were that those with 

low reading scores would be more likely to use substances than those with average or 

high reading ability. The results were also expected to show that the substance use for 

both twins would be more significant in MZ than DZ twins. These findings would 

suggest that there is a correlation between low reading ability and substance use, and that 

this correlation is mostly due to genetic factors. 
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Methods 

Participants 

There were 796 participants in this study from 157 MZ twin sets and 241 DZ twin 

sets. The twins elected ranged from ages 9 years old to 18 years old. The participants 

were selected from twin pairs in the Florida Twin Project on Reading, Behavior, and 

Environment.  

Materials 

 The self-report questionnaires were used from Wave 2 of the Florida Twin Project 

on Reading, Behavior, and Environment (Taylor, Hart, Mikolajewski, & Schatschneider, 

2013). Basic variables of age, gender, race/ethnicity, and the zygosity for each participant 

were used to describe the sample.  

Substance use. Substance use data was taken from a self-report substance use 

questionnaire completed by the twins. The substance use questionnaire was created by 

the investigators on the Twin Project and measured the frequency, amount, and 

impairment effects of substances used by the participant. The substances included in this 

measure consisted of alcohol, cigarettes, marijuana, and other drugs (Taylor, Hart, 

Mikolajewski, & Schatschneider, 2013). The substance use question measure used in this 

study focused specifically on the use of alcohol.  

TOSREC. TOSREC (Test of Silent Reading Efficiency & Comprehension) 

measures reading fluency in children through a three-minute reading assessment with 

“yes/no” questions that are based on the participant’s grade level.  
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GATES. GATES (Gates-MacGinitic Reading Test) measures the participant’s 

achievement level in reading through a thirty-five minute assessment of reading passages 

and multiple-choice answers that are base on the participant’s grade level.  

FAIR. FAIR (Florida Assessment for Instruction in Reading) assessments are 

administered for grades 3rd though 10th. FAIR is a computer adaptive test that measures 

reading ability during three different times throughout a year and is also used as a 

predictor in possible success or failure on the FCAT. Only the reading comprehension 

subtest, reading fluency (Mazes), and spelling (Word Analysis) from the FAIR 

assessments were used for this study. The FAIR reading comprehension subtest consists 

of reading passages paired with multiple-choice questions. The FAIR Mazes test consists 

of three minutes to read two reading passages and respond to questions. The FAIR Word 

Analysis test consists of word sets administered through auditory means that must be 

typed and spelt correctly.  

FCAT. FCAT (Florida Comprehensive Assessment Test) tests reading, writing, 

science, and math abilities through criterion-based questions. The FCAT reading section 

consists of several reading passages and multiple-choice questions based on the passages. 

This study only collected data from the reading section of the FCAT test (Florida 

Department of Education, 2001; Foorman, Kershaw, & Petscher, 2013).  

Analyses 

The Pearson correlation between the reading ability scores and substance use for 

each twin was calculated using SPSS for the whole sample and for MZ and DZ twin 

pairs. The intraclass correlations of MZ twins and DZ twins were then compared for each 

measure. The cross-twin cross-trait correlations (e.g., reading from twin 1 correlated with 
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substance use from twin 2) were calculated for MZ and DZ twin pairs and compared to 

assess genetic influence on the association between reading ability and substance use. 

Intraclass correlations for genders of MZ twins and DZ twins and cross-twin cross-trait 

correlations for genders of MZ twins and DZ twins were compared for each measure and 

used to asses any gender differences that may be present in the correlations between 

reading ability and substance use.  

Results 

The original variable for alcohol use was found to have a high skewness and kurtosis, 

due to an uneven distribution in the data set for the substance use measure. In order to 

correct the data for any outliers, the alcohol use variable for both Twin 1 and Twin 2 was 

found using the Natural Logarithm.   

The results in Table 1 presented weak correlations between reading ability measures 

and the substance use measure. FAIR Maze and TOSREC showed weak negative 

correlations with alcohol use with no statistical significance. FAIR Spelling and FAIR 

Reading Comprehension measures showed weak positive correlation with alcohol use 

with no statistical significance. The association between alcohol use and GATES showed 

a weak negative correlation that was statistically significant at the 5% level. The 

association between alcohol use and FCAT showed a weak positive correlation that was 

statistically significant at the 5% level. The reading ability measures in Table 1 are shown 

to have weak to moderate positive correlations that were strongly statistically significant 

at 1% when correlated with each other. 

The results in Table 2 showed moderate to strong intraclass twin correlations and 

weak cross-twin cross-trait correlations between reading ability measures and the 
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substance use measure for MZ twins and DZ twins. The cross-twin cross-trait for MZ 

twins showed weak positive correlations between alcohol use and FAIR Reading 

Comprehension and alcohol use and FCAT measures. The other reading ability measures 

for MZ cross-twin cross-trait correlations showed weak negative correlations with 

alcohol use. The cross-twin cross-trait for DZ twins showed weak positive correlations 

between alcohol use and FAIR Reading Comprehension, FAIR Maze, and FCAT 

measures. The cross-twin cross-trait correlations for DZ twins showed a weak negative 

correlation between alcohol use and FAIR Spelling, TOSREC, and GATES. There was 

no statistical significance found in the cross-twin cross-trait correlations between reading 

ability measures and the substance use measure for both MZ twins and DZ twins. Table 2 

also presented a significant finding for the twin correlations of MZ and DZ twins for the 

alcohol use measure. The MZ twin correlation for alcohol use had a strong positive 

correlation and the DZ twin correlation for alcohol use had a weak positive correlation, 

both of which proved to be statistically significant at the 1% level. This suggests possible 

non-additive genetic influences. 

Table 3 presented moderate to strong intraclass twin correlations and weak cross-

twin cross-trait correlations between reading ability measures and the substance use 

measure for female MZ twins and female DZ twins. The cross-twin cross-trait for female 

MZ twins showed weak positive correlations between alcohol use and FAIR Spelling and 

alcohol use and FCAT measures. The cross-twin cross-trait for female MZ twins showed 

weak negative correlations for all other reading ability measures and the alcohol use 

measure. There was no statistical significance found in the cross-twin cross-trait 

correlations between reading ability measures and the substance use measure for female 
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MZ twins. The cross-twin cross-trait for female DZ twins showed weak positive 

correlations for all reading ability measures and alcohol use. The correlation between 

FCAT measures and alcohol use for female DZ twins was statistically significant at the 

5% level. The cross-twin cross-trait correlations between other reading ability measures 

and alcohol use for female DZ twins were not statistically significant. The female MZ 

twin correlation for alcohol use had a strong positive correlation and the female DZ twin 

correlation for alcohol use had a moderate positive correlation, both of which proved to 

be statistically significant at the 1% level.  

The results in Table 4 showed weak correlations between the substance use 

measure and reading abilities measures for male MZ twins and male DZ twins. The 

cross-twin cross-trait correlations for male MZ twin pairs showed weak negative 

correlations between alcohol use and FAIR Spelling, FAIR Maze, TOSREC, and GATES 

measures. The cross-twin cross-trait correlations for male MZ twins also showed weak 

positive correlations for alcohol use and FAIR Reading Comprehension and for alcohol 

use and FCAT measures. The cross-twin cross-trait correlations for male DZ twins 

showed a weak negative correlation for alcohol use and GATES measure, and weak 

positive correlations both for alcohol use and TOSREC measures and for alcohol use and 

FCAT measures. There was no statistical significance found for any of the cross-twin 

cross-trait correlations between reading ability measures and the substance use measure 

for male MZ twins and male DZ twins. The male MZ twin correlation for alcohol use had 

a moderate positive correlation that was statistically significant at the 1% level. The male 

DZ twin correlation for alcohol use had a weak positive correlation with no statistical 

significance.  
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The results in Table 5 presented weak cross-twin cross-trait correlations between 

reading ability measures and the substance use measure for opposite gender DZ twin 

pairs. The reading ability measures of TOSREC, GATES, and FCAT showed a weak 

negative correlation with the alcohol use measure. A moderate negative correlation was 

found in the opposite gender DZ cross-twin cross-trait correlation for the alcohol use 

measure and FAIR Spelling. The reading ability measures of FAIR Reading 

Comprehension and FAIR Maze showed a weak positive correlation with the alcohol use 

measure. All the cross-twin cross-trait correlations for opposite gender DZ twin pairs 

were not statistically significant. The opposite gender DZ twin correlation for alcohol use 

showed to have a weak positive correlation with no statistical significance.  

Discussion 

The purpose of this study was to explore the relationship between reading abilities 

and substance use in adolescent twin sets. Low reading abilities have shown to be a 

precursor to later reading disabilities and disorders, while early substance use has also 

shown to be a precursor to substance abuse (Shaywitz, Escobar, Shaywitz, Fletcher, & 

Makuch, 1992; Jordan & Andersen, 2017). This study focused on looking at these early 

onsets to help with prevention of substance abuse, specifically in those who suffer from 

reading disorders, who have been shown to have more vulnerability to substance abuse 

(Macdonald, Deacon, & Merchant, 2016; Yates, 2013). This study aimed to find if any 

correlations were due to heritability and/or environment, through use of a twin study. 

Previous research seems to point towards genetic influences having a stronger effect 

(Kendler et al., 2012). There has been little research done on the early risks of reading 

disabilities and substance abuse, nor has there been research on the heritability and 
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environment of this correlation. This study hypothesized that low reading ability in 

adolescents would make them more likely to engage in early substance use, and this 

correlation would be mostly due to heritability.  

The results neither supported nor disputed this hypothesis, as the phenotypic 

correlations showed an even distribution of positive and negative weak correlations 

between the reading ability measures and the substance use measures. The only 

statistically significant reading ability correlations with the substance use measure were 

the GATES and FCAT measures. The GATES had a weak negative correlation, which 

means the lower the reading ability, the higher the chance of alcohol use. Conversely, the 

FCAT had a weak positive correlation, which gave evidence that the higher the reading 

ability the higher the chance of alcohol use. It should also be noted that though different 

reading ability measures were used, the mild to moderate positive statistically significant 

correlations between every reading ability measure gives evidence that all measures 

tapped into reading ability. 

The cross-twin cross-trait correlations between the reading ability measures and 

the substance use measure for MZ and DZ twins reveal similar findings. The correlations 

were weak with no statistical significance and were evenly distributed between positive 

and negative relationships for both MZ twin sets and DZ twin sets.  The twin correlations 

for MZ twins and DZ twins showed two statistically significant findings that reveal 

possible effects on the twin correlations for the substance abuse measure. The MZ twin 

correlation for alcohol use showed a strong positive correlation that was more than 

double the DZ twin correlation’s weak positive relationship. This could lead to the 
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assumption that substance use, in regards to alcohol, could be caused by additive 

genetics.  

The cross-twin cross-trait correlations between the reading ability measures and 

the substance use measure for female MZ twins and DZ twins overall showed no real 

statistical significant findings, apart from the statistically significant relationship between 

alcohol use and FCAT measures for female DZ twins. The cross-twin cross-trait 

correlations between the reading ability measures and the substance use measure for male 

MZ twins and DZ twins and for opposite gender DZ twins also showed no statistically 

significant findings.  

While the gender effects on the results did not provide many findings with the 

cross-twin cross trait correlations, the gender effects on twin correlations for the 

substance use measure did provide some interesting findings. The findings for Alcohol 

twin correlations for the female MZ and DZ twins showed a strong positive statistically 

significant twin correlation for female MZ twins that is over double the moderate positive 

statistically significant correlation for female DZ twins. The twin correlations for alcohol 

use in male twin sets showed a moderate positive statistically significant correlation for 

MZ twin sets, but a weak positive correlation for DZ twin sets with no statistical 

significance. The twin correlations for alcohol use in opposite gender DZ twins also 

showed weak positive correlations with no statistical significance.  

When looking at the gender effects and zygosity on the alcohol use twin 

correlations as a whole, MZ twin sets showed statistically significant positive correlations 

that were over double the correlations for the DZ twin sets, and female twin sets for both 

MZ and DZ twins had stronger correlations than the male MZ and DZ twin sets. These 
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findings suggest genetics play a larger role than environment on alcohol use between 

twins and that female twin sets are more likely to use alcohol than male twin sets.  

It is important to acknowledge there are a few limitations to this study that could 

be improved upon. The study drew its substance use measure from a substance use 

questionnaire in the Florida Twin Project on Reading, Behavior and Environment. The 

questionnaire was self-reported by the participants in their homes and then delivered back 

to the experimenter. This method of collection may have affected self-report answers on 

the substance use questionnaire in fear of the participant having a parent read their 

responses. In the future, studies may want to look at having broader and more in depth 

substance use questionnaires to use in their correlations with the reading ability measures. 

One other limitation was the range of ages that this study focused on does not directly 

line up with the range of ages from the Florida Twin Project on Reading, Behavior, and 

the Environment. While the large range of ages provided in this study does help to 

provide a larger range of ages to look at, future studies would benefit from looking more 

closely at older children rather than a young range of children since most adolescents do 

not encounter substances till later in their childhood.  

Overall, it can be inferred from this study and its results that there does not seem 

to be a clear positive nor negative relationship between low reading abilities and 

substance use in adolescents. However, the study did discover evidence that early 

substance use, specifically alcohol use, seemed to be caused by non-additive genetics. 

The gender effects on the results also provided evidence that female twin sets were more 

likely to use alcohol. While low reading abilities and substance use in adolescents did not 

appear to have a correlation, due to other findings in this study, future studies should look 
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at other possible early risks for those with low reading abilities and the relationship 

between genetics and early substance use.  
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Table 1 

Phenotypic Correlations 

Variables  FAIR Spelling  FAIR Reading 

Comprehension 

FAIR Maze  TOSREC  GATES  FCAT  Alcohol 

FAIR Spelling  1.0             

FAIR Reading 

Comprehension 

0.45**  1.0           

FAIR Maze  0.52**  0.58**  1.0         

TOSREC  0.23**  0.33**  0.47**  1.0       

GATES  0.40**  0.61**  0.50**  0.44**  1.0     

FCAT  0.48**  0.68**  0.59**  0.41**  0.60**  1.0   

Alcohol  0.05  0.03  ‐0.02  ‐0.01  ‐0.09*  0.09*  1.0 

Mean  47.25  49.97  60.75  62.07  59.34  237.67  0.08 

SD  28.95  25.80  26.76  28.94  26.97  25.19  0.31 

N  254  265  257  759  765  703  760 

 

Note: The substance use measure can be seen in the Alcohol variable. SD= standard deviation. N= number of twins. FAIR= Florida assessments for 

instruction in reading. TOSREC= test of silent reading efficiency and comprehension. GATES= Gates-MacGinitic reading test. FCAT= Florida 

comprehensive assessment test.  

*p < 0.05. **p < 0.01. 
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Table 2 

Twin and Cross-Twin Cross-Trait Correlations 

Variables  FAIR Spelling 

Twin 2 

FAIR Reading 

Comprehension 

Twin 2 

FAIR Maze 

Twin 2 

TOSREC  

Twin 2 

GATES 

Twin 2 

FCAT 

Twin 2 

Alcohol 

Twin 2 

FAIR Spelling 

Twin 1  
0.68**/0.45** 

0.31*  0.40**  0.29*  0.42**  0.49**  ‐0.02 

FAIR Reading 

Comprehension 

Twin 1 

0.45** 
0.61**/0.58** 

0.48**  0.24  0.43**  0.55**  0.15 

FAIR Maze  

Twin 1 

0.58**  0.44** 
0.73**/0.49** 

0.47**  0.53**  0.59**  0.07 

TOSREC Twin 1  0.30*  0.25  0.37** 
0.81**/0.59** 

0.23**  0.23**  ‐0.01 

GATES Twin 1  0.32*  0.56**  0.47**  0.39** 
0.72**/0.50** 

0.41**  ‐0.01 

FCAT Twin 1  0.39**  0.60**  0.44**  0.37**  0.50** 
0.83**/0.70** 

0.12 

Alcohol Twin 1  ‐0.06  0.03  ‐0.24  ‐0.11    ‐0.13  0.07 
0.71**/0.22** 

 

Notes. MZ twin correlations are listed first on the diagonal followed by the DZ twin correlations. MZ cross-twin cross-trait correlations are below the 

diagonal and DZ cross-twin cross-trait correlations are above the diagonal. The substance use measure can be seen in the Alcohol variable. FAIR= 

Florida assessments for instruction in reading. TOSREC= test of silent reading efficiency and comprehension. GATES= Gates-MacGinitic reading 

test. FCAT= Florida comprehensive assessment test.  

*p < 0.05. **p < 0.01.  
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Table 3 

Female MZ/DZ Twin and Cross-Twin Cross-Trait Correlations  

Variables  FAIR Spelling 

Twin 2 

FAIR Reading 

Comprehension 

Twin 2 

FAIR Maze 

Twin 2 

TOSREC  

Twin 2 

GATES 

Twin 2 

FCAT 

Twin 2 

Alcohol 

Twin 2 

FAIR Spelling   

Twin 1 

0.65**/0.54**  0.32  0.49**  0.23  0.45*  0.43*  0.11 

FAIR Reading 

Comprehension 

Twin 1 

0.35  0.70**/0.70**  0.60**  0.30  0.40*  0.41*  0.22 

FAIR Maze  

Twin 1 

0.52**  0.36  0.66**/0.25*  0.28  0.61**  0.46**  0.04 

TOSREC Twin 1  0.25  0.08  0.25  0.81**/0.58**  0.25*  0.30*  0.04 

GATES Twin 1  0.06  0.52**  0.34  0.29**  0.68**/0.51**  0.35**  0.05 

FCAT Twin 1  0.27  0.59**  0.52**  0.22  0.50**  0.84**/0.62**  0.24* 

Alcohol Twin 1  0.01  ‐0.05  ‐0.25  ‐0.15  ‐0.21  0.06  0.85**/0.37** 

 

Notes. Female MZ twin correlations are listed first on the diagonal followed by the female DZ twin correlations. Female MZ cross-twin cross-trait 

correlations are below the diagonal and female DZ cross-twin cross-trait correlations are above the diagonal. The substance use measure can be seen 

in the Alcohol variable. FAIR= Florida assessments for instruction in reading. TOSREC= test of silent reading efficiency and comprehension. 

GATES= Gates-MacGinitic reading test. FCAT= Florida comprehensive assessment test.  

*p < 0.05. **p < 0.01.  
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Table 4 

Male MZ/DZ Twin and Cross-Twin Cross-Trait Correlations  

Variables  FAIR Spelling 

Twin 2 

FAIR Reading 

Comprehension 

Twin 2 

FAIR Maze 

Twin 2 

TOSREC  

Twin 2 

GATES 

Twin 2 

FCAT 

Twin 2 

Alcohol 

Twin 2 

FAIR Spelling 

Twin 1  

0.72**/0.62**  0.24  0.47*  0.37  0.16  0.56**  .a 

FAIR Reading 

Comprehension 

Twin 1 

0.61**  0.47*/0.61**  0.64**  0.34  0.43*  0.82**  .a 

FAIR Maze  

Twin 1 

0.66**  0.56**  0.81**/0.16  0.69**  0.33  0.77**  .a 

TOSREC Twin 1  0.35  0.55**  0.46*  0.80**/0.56**  0.22  0.45**  0.16 

GATES Twin 1  0.70**  0.62**  0.69**  0.51**  0.78**/0.53**  0.48**  ‐0.11 

FCAT Twin 1  0.58**  0.32  0.34  0.58**  0.51**  0.81**/0.81**  0.14 

Alcohol Twin 1  ‐0.19  0.21  ‐0.24  ‐0.05  ‐0.03  0.08  0.45**/0.07 

 

Notes. Male MZ twin correlations are listed first on the diagonal followed by male DZ twin correlations. Male MZ cross-twin cross-trait correlations 

are below the diagonal and male DZ cross-twin cross-trait correlations are above the diagonal. The substance use measure can be seen in the Alcohol 

variable. FAIR= Florida assessments for instruction in reading. TOSREC= test of silent reading efficiency and comprehension. GATES= Gates-

MacGinitic reading test. FCAT= Florida comprehensive assessment test.  

*p < 0.05. **p < 0.01.  a. Correlation cannot be found because at least one of the variables is constant 
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Table 5 

Opposite Gender DZ Twin and Cross-Twin Cross-Trait Correlations 

Variables  FAIR Spelling 

Twin 2 

FAIR Reading 

Comprehension 

Twin 2 

FAIR Maze 

Twin 2 

TOSREC  

Twin 2 

GATES 

Twin 2 

FCAT 

Twin 2 

Alcohol 

Twin 2 

FAIR Spelling 

Twin 1  

0.10             

FAIR Reading 

Comprehension 

Twin 1 

0.20  0.33           

FAIR Maze  

Twin 1 

0.07  0.24  0.34**         

TOSREC Twin 1  0.18  0.04  0.36  0.64**       

GATES Twin 1  0.60**  0.46*  0.51*  0.27*  0.41**     

FCAT Twin 1  0.41  0.40  0.51*  0.33**  0.36**  0.59**   

Alcohol Twin 1  ‐0.31  0.08  0.11  ‐0.15  ‐0.05  ‐0.04  0.11 

 

Notes. The substance use measure can be seen in the Alcohol variable. FAIR= Florida assessments for instruction in reading. TOSREC= test of silent 

reading efficiency and comprehension. GATES= Gates-MacGinitic reading test. FCAT= Florida comprehensive assessment test.  

*p < 0.05. **p < 0.01.  
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