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ABSTRACT 

ACADEMIC ABILITIES OF LATE SCHOOL AGE CHILDREN WITH 

NEUROFIBROMATOSIS TYPE 1: A REPLICATION STUDY AND EXAMINATION OF 

EARLY SCHOOL AGE COGNITIVE PREDICTORS 

 

by 

Kristin M. Lee 

 

The University of Wisconsin-Milwaukee, 2022 

Under the Supervision of Professor Bonita P. Klein-Tasman 

 

 

Learning problems are commonly reported for children with neurofibromatosis type 1 (NF1); 

however, there are no known studies examining early school age predictors of late school age 

academic functioning in children with NF1. Based on the review of the literature of predictors of 

academic functioning for typically developing children and pre-academic/academic functioning 

in children with NF1, pre-academic and neuropsychological predictors (intellectual functioning, 

attention, executive functioning, visual spatial, oral language) were examined in relation to late 

school age academic performance in children with NF1. Concurrent intellectual functioning, 

performance-based attention, performance-based working memory, oral language and visual 

spatial abilities were associated with late school age reading and/or math abilities. Phonological 

processing and foundational number knowledge at early school age were associated with late 

school age reading-related and math abilities, respectively. Intellectual functioning, performance-

based attention, performance-based working memory, oral language abilities and visual spatial 

abilities at early school age were associated with reading-related and/or math abilities at late 

school age. Hierarchical multiple regressions were also assessed and suggested that domain 

specific abilities may be particularly important for reading while domain general abilities may be 
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particularly important for math abilities in children with NF1. Canonical correlations also 

identified similar patterns for the relation between pre-academic/ 

neuropsychological variables as when relations were studied individually. Overall, the study 

findings suggest the importance of assessing pre-academic and neuropsychological variables in 

young children with NF1 to identify who may be at greater risk for later academic problems.  
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Academic Abilities of Late School Age Children with Neurofibromatosis Type 1: A 

Replication Study and Examination of Early School Age Cognitive Predictors 

Individuals with neurofibromatosis type 1 (NF1) have a range of cognitive, psychosocial, 

and medical complications associated with their genetic condition including vulnerability to 

attention-deficit/hyperactivity disorder (ADHD; e.g., Pride et al., 2012), optic pathway gliomas 

(e.g., Gutmann et al., 2017), and difficulties with social functioning (e.g., Barton & North, 2004). 

Unlike other genetic conditions that have a distinct profile (e.g., Williams syndrome), the 

presentation of NF1 can vary greatly across individuals, even within members of the same 

family. Learning problems are often the most commonly reported concern for individuals with 

NF1 (e.g., McKeever et al., 2008) and can have long-term impacts on functioning (Granström et 

al., 2014). Despite the knowledge that half or more of individuals with NF1 report learning 

problems (e.g., Coutinho et al., 2016; Hyman et al., 2005), more research needs to be conducted 

to examine neuropsychological abilities which may impact academic performance. Additionally, 

there are no current studies that examine early school age predictors of later school age academic 

functioning in children with NF1. Knowledge about which early predictors can predict later 

academic difficulties in individuals with NF1 is vital given the high rates of learning difficulties. 

This information would allow for identification of the children with NF1 who will likely benefit 

from additional academic interventions and provide the necessary supports beginning from a 

young age. 

This introduction will be organized as follows: To delineate potential predictors of later 

academic functioning in children with NF1, the literature on cognitive predictors of later 

academic functioning in typically developing children will be discussed. Next, the academic 
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literature on children with NF1 will be reviewed. Based on these two sets of literature, a study 

rationale and aims/hypotheses will be provided. 

Correlates and Predictors of Academic Functioning in Typically Developing Children 

Neuropsychological Predictors of School Age Reading Abilities 

Identification of pre-literacy skills associated with later reading is vital as difficulties in 

reading identified in 1st grade have been found to persist through the end of high school for 

children diagnosed with reading disabilities (RD; Ferrer et al., 2015). A meta-analysis that 

examined early predictors of later reading abilities found that phonological awareness, 

phonological memory, alphabet knowledge, rapid automatic naming (RAN), and oral language 

skills had moderate relationships with future decoding and/or reading comprehension abilities 

(National Early Literacy Panel, 2008). In this section, the association between preschool/early 

school age cognitive abilities (pre-literacy, intellectual functioning, attention, oral language, 

executive functioning, and visuospatial abilities) and later school age reading abilities will be 

examined.  

Many studies have examined the relationships between pre-literacy factors in early 

childhood with academic functioning in early grade school (e.g., kindergarten through second 

grade). Roth and colleagues (2002) found that phonological awareness in kindergarten before 

children had started learning to read was a significant predictor of later word reading ability in 

both first and second grade. Similarly, Brunswick and colleagues (2012) examined the 

association between pre-literacy skills and reading for children before they started reading up 

through first grade. Phonological awareness and phonological memory were both found to be 

significant predictors of later reading. Cirino and colleagues (2018) found kindergarten 

phonological awareness and RAN variables to predict first grade reading performance. Lonigan 
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and colleagues (2000) examined preliteracy abilities in preschool children and found that 

phonological processing skills and letter knowledge predicted later word reading in kindergarten 

or first grade. Phonological processing skills and letter knowledge together were able to account 

for 45% of the variance in word reading.  

School age reading abilities have been linked to intellectual functioning (e.g., Deary et 

al., 2007; Zaboski et al., 2018); however, there is mixed evidence to support the association 

between preschool/early school age intelligence and later reading performance. Some studies 

have found evidence that suggests intellectual functioning is related with later reading abilities 

(e.g., Peng et al., 2019), while other studies have not found significant associations (e.g., 

Alloway & Alloway, 2010; Chu et al., 2016). Additionally, some studies suggest that intelligence 

may not contribute significantly to the prediction of later reading outcomes when other variables 

are also being considered. For example, Horbach and colleagues (2018) found that preschool 

nonverbal IQ significantly predicted word fluency and pseudoword fluency three years later. 

However, when examining linear regression models that included additional predictors (e.g., 

sound-symbol paradigm), nonverbal intelligence was no longer a significant predictor of reading 

outcomes. Relations between intelligence and reading ability may also vary based on the specific 

predictor/outcome examined. For example, Peng and colleagues (2019) found that nonverbal 

reasoning was significantly related to growth in reading comprehension, but not word reading. 

Similarly, Fuchs and colleagues (2016) found that first grade language comprehension had direct 

effects on third grade word reading, but the direct effect of first grade nonverbal reasoning on 

later word reading was not significant. 

Oral language abilities are also examined frequently in addition to pre-literacy abilities to 

predict later word reading and reading comprehension abilities. Oral language may contribute to 
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later reading abilities by way of being involved in the development of phonological awareness 

(Cooper et al., 2002). Vocabulary abilities in infancy were a significant predictor of word 

reading and reading comprehension in addition to phonological awareness when assessed five 

years later (Duff et al., 2015). Language measures assessed at age 4 had moderate correlations 

with word decoding abilities at age 7 and reading comprehension abilities at age 10 (Hayiou-

Thomas et al., 2010). Further evidence suggests that early oral language abilities is important for 

reading comprehension. Oral language abilities at kindergarten added significantly to the 

prediction of reading comprehension in second grade over and above word reading abilities in 

the first grade (Catts et al., 2016). Associations with pre-literacy skills and receptive vocabulary 

have also been shown to have associations with both word reading and reading comprehension 

when children were in 5th grade (Ribner et al., 2017).  

Attention problems may be related to poorer preliteracy skills in addition to later reading 

abilities (Dally, 2006; Walcott et al., 2010; Welsh et al., 2010). For example, greater symptoms 

of inattention by multiple rates (e.g., parents, teachers) were all associated with poorer early 

literacy skills (i.e., letter knowledge, vocabulary, and phonological awareness) in preschool 

children (Allan et al., 2018). Attention abilities have an impact on reading abilities that can be 

found in early school age as well as in high school. In the early school years, inattention 

difficulties have been associated with poorer word reading (Dittman, 2013). As children continue 

in school, we see that attention problems continue to predict word reading in late elementary 

school (Rabiner et al., 2016) and reading fluency in the beginning of high school (Becker et al., 

2018). Attention abilities as rated by teachers at age 6 continue to predict reading achievement 

through high school (Breslau et al., 2009). This suggests that attention is an important predictor 

in reading ability that has long-term implications. 
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Executive functioning (EF), which has some construct overlap with attention, has also 

been studied in relation to later reading abilities. Relations between EF and pre-literacy skills 

have also been observed. For example, self-regulation has been found to be associated with 

preliteracy skills such as phonemic awareness and letter identification (Blair & Razza, 2007). EF 

of children at age 5 was shown to uniquely predict later basic reading and reading 

comprehension abilities in the fifth grade. Notably, EF was measured using a composite score of 

working memory, inhibition, and attention shifting so it is difficult to ascertain if any particular 

EF component contributed more than the others to later reading abilities (Ribner et al., 2017). 

Similarly, Best and colleagues (2011) used a composite score of EF and found that EF was 

related to reading achievement beginning in early grade school and was related all the way 

through adolescence. Some evidence has suggested that working memory, in particular, may be 

important for reading abilities. Welsh and colleagues (2010) found that working memory 

predicted growth of pre-literacy abilities in preschool and uniquely contributed to later reading 

abilities when children were in kindergarten. Nevo and Breznitz (2011) assessed working 

memory in kindergarten before children began reading and found it was related to decoding and 

reading comprehension abilities one year later. 

Neuropsychological Predictors of School Age Mathematical Abilities   

Early math abilities in kindergarten children have been shown to be the strongest 

predictor of later academic achievement (Duncan et al., 2007; Romano et al., 2010). Early 

detection of mathematical difficulties is vital as children who have poorer mathematics 

performance in kindergarten have lower math growth rates from first to fifth grade than children 

without mathematical difficulties (Morgan et al., 2009). Early numerical abilities investigated in 

young children are related to symbolic number skills and non-symbolic number abilities. 
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Symbolic number skills often assessed include Arabic number knowledge, understanding the 

numerical meaning of number words (e.g., “six”), counting abilities, and the cardinality principle 

(Raghubar & Barnes, 2017). Non-symbolic number skills include tasks that represent numbers 

without the use of symbols. This is generally accomplished through the use of objects/shapes, 

with which children are able to complete simple math problems and compare quantities 

(Raghubar & Barnes, 2017). The ability to compare quantities is often used as a means to test the 

approximate number system (ANS). ANS is thought to be an innate ability that animals have to 

signify and manipulate quantity information, which is then used to help humans learn formal 

mathematical skills (De Smedt et al., 2013).  

There is stronger evidence to support the relationship between symbolic number skills 

and later math achievement (De Smedt et al., 2013; Merkley & Ansari, 2016; Schneider et al., 

2017). Symbolic number knowledge (counting, number knowledge (e.g., number recognition) in 

preschool significantly predicted math fluency abilities in primary school (ages 5-7) (Moll et al., 

2015). Advanced counting skills in preschool (e.g., counting forward starting at number 3) was 

found to be the strongest predictor of math achievement (e.g., multiplication, geometry) for 

children in the fifth grade (Nguyen et al., 2016). While non-symbolic skills have also been linked 

to later math achievement, the association is less consistent (De Smedt et al., 2013; Schneider et 

al., 2017). For example, Toll and colleagues (2016) assessed children at the end kindergarten on 

a task of non-symbolic and symbolic number sense in order to determine the ability to predict 

math fluency and math problem solving abilities at the end of first grade. While visual working 

memory, symbolic number sense and non-symbolic number sense were all predictors of math 

fluency, only the visual working memory and symbolic number sense were also significant 

predictors of math problem solving. One hypothesis for the less consistent relationship between 
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ANS and math abilities is that their relationship is mediated by symbolic abilities (Merkley & 

Ansari, 2016). 

There is evidence to suggest the role of intellectual functioning in school age math 

abilities (e.g., Deary et al., 2007; Zaboski et al., 2018); however, the role of intellectual abilities 

in preschool/early school age children to predict later math outcomes is unclear. Some findings 

suggest that intelligence is a predictor of later math functioning (e.g., Alloway & Alloway, 2010; 

Geary, 2011; Ribner et al., 2017), while other studies do not find it to be a significant predictor 

(e.g., Chu et al., 2016). Notably, intelligence may be related to later math performance, but it 

may not necessarily predict the most variance in math outcomes. For example, Alloway and 

Alloway (2010) found that verbal working memory predicted the most variance (21%), but 

nonverbal IQ predicted an additional 6% of the variance in numeracy score (composite measure 

of math reasoning and calculations). Mixed findings could be related to a variety of differences 

across studies such as different measures of intelligence (e.g., overall cognitive ability versus 

nonverbal/verbal reasoning), different outcome variables, inclusion of varying additional 

cognitive variables in analyses, and differing lengths of time of the longitudinal follow-up. 

EF has been found to be an important predictor of later mathematical abilities from early 

grade school throughout high school (Best et al., 2011). EF has also been found to be related to 

early mathematical abilities (Blair & Razza, 2007; Moll et al., 2015). Mazzocco and Kover 

(2007) found that EF scores at ages 6 and 7 were associated with later mathematical abilities. In 

particular, working memory has commonly been examined in relation to later mathematical 

performance. Working memory has been associated with early mathematical skills (Purpura & 

Ganley, 2014) as well as later mathematical abilities. As mentioned early in this section, Toll and 

colleagues (2016) found that verbal working memory was associated with both later math 
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fluency and math problem solving. Toll and colleagues (2011) also found that working memory 

was a predictor of later mathematical abilities even when controlling for early mathematical 

abilities. 

Attention is another area that has been examined in relation to later mathematical 

abilities. Studies have found long-term associations between mathematic abilities and attention. 

Attention problems as rated by teachers at age 6 have been shown to predict math performance at 

age 17 (Breslau et al., 2009). Additionally, symptoms of inattention in preschool have been 

linked to poorer math calculations, math fluency, and math problem solving at the end of ninth 

grade (Becker et al., 2018). 

Relations between early school age visual spatial abilities and later academic functioning 

have been explored through a variety of tasks assessing visual spatial working memory (e.g., 

Toll et al., 2016), visual spatial short-term memory (e.g., Soto-Calvo et al., 2015) as well as 

spatial/nonverbal reasoning (e.g., Peng et al., 2016). Associations between early school age 

visual spatial abilities and later school age mathematical abilities have been found (e.g., Bull et 

al., 2008; Toll et al., 2016). For example, Bull and colleagues (2008) examined visual spatial 

short-term memory when children were in preschool and found that it was significantly related to 

later math abilities at age 7. However, findings are mixed, and some studies find that visual 

spatial abilities are not the best predictors of later math abilities when other domain specific or 

domain general variables are considered (e.g., Peng et al., 2016). As mentioned earlier in this 

section, nonverbal reasoning abilities may be related to later math abilities but may not 

necessarily predict the most variance (Alloway & Alloway, 2010). 

Summary of Neuropsychological Predictors of School Age Academic Functioning in Typically 

Developing Children 
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One difficulty with examining the literature of predictors of later academic functioning in 

typically developing children is that measures and the number/types of predictors often vary 

across studies. Additionally, children were often followed for varying lengths of time and the 

relationships between predictors and outcome variables may vary based on the length of time 

between the visits. Based on the studies reviewed, however, there are many potential predictors 

for later academic functioning. For reading abilities, it will be important to examine pre-literacy 

abilities (i.e., phonological awareness, phonological memory, RAN), letter knowledge, oral 

language, attention, and EF. For math abilities, future work should examine the role of both 

domain general (i.e., symbolic and non-symbolic knowledge) and domain-specific (e.g., 

attention, EF, language, visual spatial) predictors.  

Cognitive Phenotype of Neurofibromatosis Type 1 

NF1 is an autosomal dominant disorder caused by a mutation or deletion of the NF1 

gene. The NF1 gene is located on chromosome 17q11.2 and encodes for neurofibromin. 

Neurofibromin is a tumor suppressor protein, which is produced in many types of cells and 

inhibits cell growth. Neurofibromin regulates the signaling pathway of another protein, RAS, 

which controls cell growth (Miller et al., 2019). The functional loss of neurofibromin is thought 

to allow for hyperactivation of RAS leading to the increase of cell growth (Gutmann et al., 

2017). Approximately half of cases are new mutations while the other half are inherited (e.g., 

McKeever et al., 2008). Estimated rates of the incidence and prevalence vary for individuals with 

NF1. Incidence is approximately 1 in 2000 to 1 in 3000 (e.g., Evans et al., 2010; Lammert et al., 

2005; Uusitalo et al., 2015). Prevalence rates often range between approximately 1 in 3000 to 1 

in 5500 (e.g., Evans et al., 2010; Kallionpää et al., 2018; Lammert et al., 2005; McKeever et al., 

2008). 
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The NIH Consensus Conference in 1987 developed a set of clinical criteria for diagnosis 

of NF1. To meet diagnostic criteria, individuals must meet at least two of the seven criteria. The 

seven clinical criteria include six or more café-au-lait spots over 5mm in greatest diameter in 

prepubertal individuals and over 15mm in greatest diameter in postpubertal individuals, two or 

more neurofibromas of any type or plexiform neurofibroma, freckling in the axillary or inguinal 

regions, optic gliomas, two or more Lisch nodules, a distinctive osseous lesion such as sphenoid 

dysplasia or thinning of the long bone cortex with or without pseudarthrosis, and a first degree 

relative with NF1 who meets for the above criteria (NIH, 1988). Individuals with NF1 are at risk 

for a range of medical complications that can range in severity, including neurofibromas, 

pigmentary lesions, skeletal deformities, cardiovascular abnormalities in addition to central and 

peripheral nervous system tumors (for reviews see Gutmann et al., 2017; Hirbe & Gutmann, 

2014).  

Cognitive Functioning in Children with NF1 

Individuals with NF1 do not have a distinct cognitive phenotype; rather, patterns of 

cognitive functioning vary across children with NF1. Previous studies have suggested that 

children with NF1 may have cognitive difficulties in a variety of domains including problems 

with attention, executive functioning, motor skills, visuospatial functioning, oral language, 

memory, and a general mild lowering of intellectual functioning (for review see Lehtonen et al., 

2013). Mean scores for intellectual functioning are often in the lower end of the average range 

(e.g., Hyman et al., 2005; Sangster et al., 2010). Cross-sectional studies suggest that this 

downward shift in intellectual functioning can be found in young children (e.g., Klein-Tasman et 

al., 2014; Sangster et al., 2010) and school age children with NF1 (e.g., Hyman et al., 2005; 

Clements-Stephens et al., 2008). Notably, Sangster and colleagues (2010) found that differences 
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in intellectual functioning when young children with NF1 were compared to an unaffected peer 

group persisted even when maternal education (a demographic factor which may impact IQ) was 

taken into account. 

Attention problems are common among youth with NF1 and approximately 30-50% of 

children with NF1 meet diagnostic criteria for ADHD (e.g., Hyman et al., 2005; Mautner et al., 

2002; Pride et al., 2012). While there are mixed findings regarding the presence of attention 

problems in young children with NF1 (e.g., Casnar et al., 2014, Klein-Tasman et al., 2014; 

Sangster et al., 2010), attention difficulties are commonly found in school age children with NF1 

(e.g., Hyman et al., 2005; Mautner et al., 2002; Payne et al., 2011). Attention problems are 

evident based both on parent report as well as performance on performance-based measures in 

school age children with NF1 (e.g., Galasso et al., 2014; Hyman et al., 2005; Payne et al., 2011). 

Some evidence suggests that the inattentive features of ADHD may be more common in children 

with NF1 (e.g., Pride et al., 2012). Pride and colleagues (2012) found that children with NF1 met 

criteria for the combined presentation of ADHD most frequently (52%), followed by the 

inattentive presentation (35%) and the hyperactive/impulsive presentation was found least 

frequently (13%). 

EF problems are commonly found in youth with NF1. Evidence for poorer EF has been 

found in young children with NF1 (e.g., Lorenzo et al., 2013). In particular, working memory 

appears to be an area of difficulty in young children with NF1 (Casnar & Klein-Tasman, 2017; 

Sangster et al., 2010). Casnar and Klein-Tasman (2017) found the BRIEF working memory 

subscale was the only scale on which young children with NF1 had poorer functioning compared 

to unaffected peers when rated by parents. Additionally, young children with NF1 had poorer 

working memory functioning when compared to the normative mean based on both parent and 
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teacher report. In school age children with NF1, EF difficulties include working memory, 

planning, inhibition, and cognitive flexibility (e.g., Hyman et al., 2005; Payne et al., 2011; 

Plasschaert et al., 2016; Roy et al., 2010; Roy et al., 2014). For example, Payne and colleagues 

(2011) found poorer EF on all scales and indices of the BRIEF when children with NF1 were 

compared to unaffected siblings. Poorer EF abilities are found based on both parent reported 

measures (e.g., Casnar & Klein-Tasman, 2017; Gilboa et al., 2014) as well as performance based 

assessments of EF (e.g., Payne et al., 2011; Roy et al., 2014). While it would be reasonable to 

assume that the difficulties with EF are a consequence of high rates of ADHD, past findings have 

suggested that EF difficulties can be found in youth with NF1 without ADHD (e.g., Pride et al., 

2012; Roy et al., 2014).  

Visuospatial and visuomotor abilities are another area in which youth with NF1 have 

difficulties. Children with NF1 have been shown to perform more poorly on visuospatial and 

visuomotor tasks when compared to unaffected siblings (e.g., Dilts et al., 1996; Hyman et al., 

2005). However, prior studies have not consistently found visuospatial and visuomotor 

difficulties in children with NF1 (e.g., Billingsley et al., 2002; Clements-Stephens et al., 2008; 

Mazzocco et al., 2001). Van Eylen et al.’s (2017) findings suggest that poorer visuoperceptual 

abilities may be the result of EF problems in children with NF1. Thus, EF abilities should also be 

taken into consideration when assessing visuospatial abilities in children with NF1. 

Language difficulties are a concern for children with NF1. Approximately 20 to 40% of 

young children with NF1 show delays in expressive and/or receptive language abilities (Brei et 

al., 2014; Soucy et al., 2012; Thompson et al., 2010). While young children with NF1 have been 

found to show poorer than the normative mean (Brei et al., 2014) and unaffected controls on 

language tasks (Lorenzo et al., 2011; Lorenzo et al., 2013), Sangster and colleagues (2010) found 
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language differences were generally no longer significant once maternal education and IQ were 

accounted for. Language difficulties are also evident in the school age years as approximately 

30% of school age children with NF1 had receptive and expressive language abilities one 

standard deviation below unaffected siblings (Hyman et al., 2005). However, mixed findings 

have been noted for language abilities in school age children with NF1 across various studies 

(e.g., Cutting et al., 2010; Dilts et al., 1996; Hyman et al., 2005; Krab et al., 2008; Mazzocco et 

al., 1995). Findings for language abilities in school age children with NF1 may vary based on 

type of language functioning being assessed, the assessment measure in use, and whether 

intellectual functioning is accounted for.  

Motor difficulties are evident in children with NF1 beginning in early childhood 

(Lorenzo et al., 2011; Soucy et al., 2012) and support for both fine and gross motor difficulties is 

noted in school age children with NF1 (Champion et al., 2014; Coutinho et al., 2016; Rietman et 

al., 2017). Coutinho and colleagues (2016) found there were high rates of fine motor problems in 

school age children with NF1. Rietman and colleagues (2017) examined motor problems in a 

wide range of youth with NF1 (ages 4-16) using the Movement Assessment Battery for 

Children), which assesses both fine and gross motor abilities. Based on these findings, 61% of 

children with NF1 had total scores in the clinically significant range while only 22% were in the 

normal range. Champion and colleagues (2014) also found gross motor impairments on balance, 

running speed and agility, and upper limb coordination tasks in school age children with NF1.  

Difficulties with memory have mixed findings in youth with NF1; however, past studies 

suggest this is an area that is more commonly spared (e.g., Dilts et al., 1996; Hyman et al., 2005; 

Pride et al., 2012). When difficulties with visual memory are reported, they are often found for 

the Rey Complex Figure Test (e.g., Coutinho et al., 2016; Descheemaeker et al., 2005; Krab et 
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al., 2008). Difficulties with visual memory on this task may be related to poorer visuospatial and 

EF abilities often found in youth with NF1, which are abilities that are required to perform the 

Rey Complex Figure Test. Verbal memory tasks also have mixed findings as some studies 

suggest youth with NF1 have poorer verbal memory (Billingsley et al., 2003) while others find 

no differences (e.g., Hyman et al., 2005; Pride et al., 2012). Notably, Descheemaeker and 

colleagues (2005) found that approximately 30-40% of children had verbal memory scores one 

standard deviation or more below the mean. Mixed findings may be related to the different tasks 

used to assess verbal memory (e.g., California Verbal Learning Test for Children, Verbal 

Selective Reminding Test) and using a combined memory score for verbal and visual memory 

(Moore et al., 2000).  

In sum, children with NF1 have a wide range of neuropsychological domains which may 

potentially be impacted; however, there is no clear cognitive profile for children with NF1 and 

areas of difficulty will vary. Thus, a wide range of neuropsychological domains which could 

potentially impact learning in children with NF1 should be assessed in order to have a better 

understanding of an individuals’ strengths and weaknesses and how to better intervene to address 

academic weaknesses. 

Academic Functioning in Children with NF1 

While medical complications are often the focus of medical management for individuals 

with NF1, learning problems (e.g., grade repetitions, consideration of placement in special 

schooling) are often reported as the most common complication of NF1 (Coudé et al., 2006; 

McKeever et al., 2008). Learning difficulties are often reported for approximately half or more 

children with NF1 (e.g., Brewer et al., 1997; Coutinho et al., 2016; Descheemaeker et al., 

2005; Hyman et al., 2005; Hyman et al., 2006; Krab et al., 2008). Learning disabilities in 
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children with NF1 have also reported to be associated with quality of life (Wolkenstein et al., 

2009). Notably, it is important to recognize that children with NF1 may show weaker 

performance compared to their same-aged peers on tasks of academic functioning even though 

they may not meet formal diagnostic criteria for a specific learning disability. The literature on 

academic functioning for children with NF1 will be discussed in order to assess the current 

knowledge of school age academic functioning, pre-academic functioning, longitudinal 

examinations of academic functioning, and neuropsychological correlates of academic 

functioning for children with NF1. 

Academic Performance in School Age Children with NF1. 

Reading Performance. Reading difficulties for children with NF1 have been found when 

compared to unaffected siblings and controls on basic reading and reading comprehension tasks 

(e.g., Clements-Stephens et al., 2008; Cutting et al., 2000; Hyman et al., 2005; Mazzocco et al., 

1995). Mean scores for reading performance of children with NF1 is often in the low average to 

average range (e.g., Billingsley et al., 2004; Clements-Stephens et al., 2008; De Winter et al., 

1999; Hofman et al., 1994; Hyman et al., 2005; Mazzocco et al., 1995); however, approximately 

10-45% of children showing impairments on reading tasks (e.g., Chaix et al., 2018; Coutinho et 

al. 2016; Dilts et al., 1996; De Winter et al., 1999; Hyman et al., 2005; North et al., 1994; North 

et al., 1995). The wide range of impairments is likely due in part to the different study 

classifications of reading impairment. For example, Coutinho and colleagues (2016), classified 

impairments as reading scores that were 1.5 standard deviations at or below the mean z-score. 

However, Hyman and colleagues (2005) classified impairments as 1SD below the normative 

mean. Similarly, there is a wide range of percentages of RD diagnoses seen across studies 

ranging from approximately 5-60% (Clements-Stephens et al., 2008; Dilts et al., 1996; Hyman et 
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al., 2006; Mazzocco et al., 1995; Orraca-Castillo et al., 2014; Watt et al., 2008). Notably, some 

studies with small sample sizes also indicated high rates of RD so these studies may not be 

representative of the larger NF1 population (e.g., Mazzocco et al., 1995). Also, many studies 

used an intelligence-achievement discrepancy model to classify RD which is no longer the 

recommended way of determining specific learning disabilities (e.g., Hyman et al., 2006; 

Mazzocco et al., 1995). However, prior studies have not found consistently found reading 

deficits in children with NF1 (e.g., Billingsley et al., 2004). There are potentially several reasons 

for these mixed findings included matched IQ between groups (Billingsley et al., 2004) and 

small sample size (Billingsley et al., 2002). 

Several studies have examined whether basic reading difficulties may be attributed to 

problems employing whole word decoding strategies (i.e., surface dyslexia) or phonological 

decoding (i.e., phonological dyslexia) in children with NF1. The findings have been mixed, 

which may be attributed to different languages as well as differences in methods and measures 

used to determine RD diagnosis (Orraca-Castillo et al., 2014; Watt et al., 2008). The potential 

role of phonological processing abilities in reading abilities of school age children with NF1 has 

also been investigated in several studies. Phonological awareness skills were found to be lower 

for children with NF1 when compared to unaffected children (Cutting et al., 2000; Mazzocco et 

al., 1995) and unaffected children with RD (Cutting et al., 2000). Chaix and colleagues (2018) 

found that a group of children with NF1, some with reading difficulties and some without, had 

poorer phonological awareness than an unaffected group of children who were matched based on 

age, handedness, sex, and reading level. Difficulties with reading related abilities (e.g., RAN and 

phonological awareness) appear to be similar for school age children with NF1 and RD when 

compared to unaffected children who are diagnosed with RD (Cutting et al., 2010).   
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Mathematical Performance. Children with NF1 have been found to have significantly 

poorer math performance than unaffected siblings and controls (e.g., Billingsley et al., 2003; 

Dilts et al., 1996; Mazzocco et al., 1995). Performance on tasks of both math calculations 

(Cutting et al., 2000; Mazzocco et al., 1995), and math problem solving (e.g., Billingsley et al., 

2004; Cutting et al., 2000; Mazzocco et al., 1995) has been poorer for children with NF1. Mean 

scores for math abilities are typically in the low average to average range (e.g., Billingsley et al., 

2004; Cutting et al., 2000; De Winter et al., 1999; Dilts et al., 1996; Hofman et al., 1994; Hyman 

et al., 2005; Mazzocco et al., 1995; Janke et al., 2014; Pride et al., 2010), which suggests that 

children with NF1 are having mild deficits but are not always meeting criteria for a specific 

learning disability. Some studies do not find significant differences for math calculations 

compared to the normative mean or unaffected children (Billingsley et al., 2002; Billingsley et 

al., 2004; Janke et al., 2014). Approximately 20-40% of children with NF1 have reported math 

difficulties (De Winter et al., 1999; Dilts et al., 1996; Hyman et al., 2005; Janke et al., 2014; 

North et al., 1994; North et al., 1995) and math disabilities are reported for approximately 10-

40% of children with NF1 (Billingsley et al., 2004; Descheemaeker et al., 2005; Dilts et al., 

1996;  Hyman et al., 2006; Mazzocco et al., 1995; Orraca-Castillo et al., 2014).  

Studies examining math abilities in children with NF1 typically find deficits in math 

problem solving, with less frequent support for math calculations. This may be because math 

calculations may rely more on rote memory of math facts and memory is often spared in children 

with NF1. However, math problem solving likely involves a greater range of cognitive abilities 

such that multiple kinds of cognitive difficulties may lead to an endpoint of challenges on math 

problem-solving tasks. There is only one known study that has examined potential domain-

specific abilities underlying math performance in school age children with NF1 (Orraca-Castillo 
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et al., 2014). Even though children with NF1 who were classified as having developmental 

dyscalculia performed poorly on a task of basic arithmetic fluency, they had spared abilities for 

magnitude comparison and enumeration. While only a couple of domain-specific abilities were 

examined as part of this study, these findings potentially suggest that domain-specific abilities 

may not be the primary driver of poor mathematic performance in children with NF1. 

Cognitive Contributors to Academic Difficulties in School Age Children with NF1. 

 Given the wide range of cognitive deficits that are possible for children with NF1, it is 

important to determine which cognitive abilities may impact learning. Intellectual functioning is 

the most commonly examined and lower intellectual functioning has been associated with poorer 

reading and math abilities (Coutinho et al., 2016; Janke et al., 2014; North et al., 1995; Watt et 

al., 2008). Several studies have examined the impact of attention on academic functioning for 

children with NF1 and found that children with NF1 and ADHD perform worse on academic 

tasks when compared to children with NF1 only (Barton & North, 2007; Pride et al., 2012). EF 

has also been associated with math calculation and reading tasks (Janke et al., 2014). EF abilities 

such as inhibition, working memory, and cognitive flexibility were associated with academic 

performance and should be examined further in children with NF1. Visuospatial abilities have 

been shown to be associated with reading comprehension and math problem solving abilities in 

children with NF1 (Mazzocco et al., 1995). Additionally, when compared to unaffected children 

with RD, children with NF1 and RD had poorer visuospatial abilities, which suggests that there 

may be a difference in the neuropsychological profile of children with NF1 with RD when 

compared to unaffected children with RD (Cutting et al., 2010). There were no significant 

differences in oral language ability when children with NF1 with and without RD were compared 

to unaffected children with and without RD, which may have been due to having groups that 
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were matched on intellectual functioning (Cutting et al., 2010). Overall, these findings suggest 

that cognitive features that are associated with NF1 may impact learning abilities in children with 

NF1. However, the evidence is fairly limited across the different cognitive domains and further 

study is warranted. 

Overall, the current literature on academic functioning in children with NF1 suggests that 

reading and math problems are common and that children with NF1 should be screened for 

academic difficulties. Knowledge about the domain-specific abilities associated with academic 

difficulties is limited. Phonological awareness may be associated with basic reading problems for 

children with NF1; this relationship would be expected based on evidence suggesting the 

importance of phonological awareness in reading ability for typically developing children (for 

review see Melby-Larvåg et al., 2012). Domain-specific abilities associated with math 

performance have not been adequately probed and further investigation is warranted. 

Neuropsychological factors such as intellectual functioning, attention, executive functioning, and 

visuospatial functioning appear to impact learning problems in children with NF1, but more 

exploration of these areas is needed. Several problems with the current literature of academic 

functioning in school age children with NF1 are notable. Specifically, the estimates of specific 

learning disability in children with NF1 are often based on the old approaches to classification, 

comparison groups are not always matched for intellectual functioning, and the age range of 

children in studies often is wide making it more difficult to determine how academic functioning 

may change with development. 

Preacademic and Academic Functioning in Young Children with NF1. Research 

about pre-academic functioning in children with NF1 is limited, but suggestive that pre-academic 

difficulties can be observed in young children with NF1. Limited research has been conducted on 
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foundational number knowledge (Janke, 2013; Klein-Tasman et al., 2014). These studies that 

were conducted using an overlapping sample have suggested that young children with NF1 have 

mean scores in the average range on a task assessing foundational number knowledge. However, 

approximately 20-30% perform at one standard deviation or below the mean and young children 

with NF1 perform poorer when compared to the normative mean and unaffected children. 

Pre-literacy abilities including phonological processing abilities such as phonological 

awareness, RAN, and phonological memory have been previously examined (Arnold et al., 2018; 

Janke, 2013). Janke (2013) found the phonological processing score was in the average range; 

however, children with NF1 had poorer performance compared to the unaffected group. 

Approximately one-quarter of children with NF1 demonstrated deficits on the phonological 

processing task. Young children with NF1 have shown poorer phonological awareness compared 

to unaffected groups (Arnold et al., 2018). Even though phonological awareness abilities showed 

average abilities, approximately one-third of young children with NF1 had composite scores 

below the average range (Standard score <90). Arnold and colleagues (2018) also found that 

performance on phonological memory in young children with NF1 was significantly worse than 

controls. Mean performance for the phonological memory composite score was in low average 

range with approximately half of children with NF1 having composite scores that were below the 

average range (Standard score <90).  

Mixed findings have been found for RAN deficits in young children with NF1; however, 

only two studies have examined RAN so further investigation is warranted. Janke (2013) found 

no significant differences for young children with NF1 when compared to both the normative 

mean and an unaffected group when assessing RAN using the Differential Ability Scales, Second 

Edition (DAS-II). Notably, the RAN score was in the average range. Additionally, only 8% of 
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children in both groups had difficulties 1SD or more below the mean. Mazzocco (2001) also 

found no significant differences for RAN of colors for young children with NF1 in comparison 

to age, sex, and IQ matched controls. Arnold and colleagues (2018) found no significant 

differences between young children with NF1 compared to an unaffected group on the each of 

the subtests of the Comprehensive Test of Phonological Processing (CTOPP); however, young 

children with NF1 performed poorer on the Rapid Naming composite score. Notably, 

approximately half of the young children with NF1 scored below the average range (Standard 

score <90) on the CTOPP RAN composite. Differences between the findings in these studies 

may be due to the different measures that were used. For example, the DAS-II does not have 

multiple RAN subtests and it appears that subtle difficulties on the CTOPP may have had an 

additive effect. 

Young children with NF1 also have average letter knowledge abilities even though they 

have poorer performance when compared to age, sex and maternal education matched unaffected 

children (Lorenzo et al., 2013). However, young children with NF1 showed significant 

difficulties compared to unaffected children on a task that required them to sound out letters or 

combinations of letters (Arnold et al., 2018). This may suggest that the added complexity of 

having to sound out groups of letters is difficult for young children with NF1 where they may be 

able to rely on rote memory to identify single letters.   

 There are few studies examining academic functioning specifically in young children 

with NF1. The extant studies are problematic due to small sample sizes (Mazzocco, 2001) or use 

of screening measures with a very small number of items per domain, rather than a 

comprehensive assessment of academic functioning (Soucy et al., 2012; Wessel et al., 2013). 

Mazzocco (2001) found that young children with NF1 (ages 5 and 6) did not have significantly 



 

22 

 

different math and reading abilities compared to unaffected children when groups were matched 

for age, sex, and IQ. Soucy and colleagues (2012) examined math/premath and 

reading/prereading in a wide age range of young children with NF1 (7 months to 8 years) using 

the Parents’ Evaluation of Developmental Status – Developmental Milestones which is a 

screening form for developmental delays across 6-8 developmental domains. Each domain is 

assessed through a multiple-choice question posed either to the parent or directly to the child 

based on the domain and the age of the child. Children are considered delayed in a domain if 

their score is below the 16th percentile. Based on this screener, young children with NF1 showed 

statistically significant delays in math/premath (31% of children had delays). Delays for children 

with NF1 on the reading/prereading domain (28%) were not significant. Due to the wide age 

range in the study conducted by Soucy and colleagues (2012), it is difficult to determine 

potential academic difficulties specifically in early school age children. However, Wessel and 

colleagues (2013) examined potential changes over time using the same measure, in an 

overlapping sample. Considered delays in math/premath and reading/prereading were found to 

increase with age. While 17-25% of children with NF1 were considered delayed during the 

infant and/or preschool years (0-5 years old), 54-62% were considered delayed during the school 

years (6-8 years old). Results of these studies should be interpreted with caution due to concerns 

about the measure of pre-academic/academic functioning; The Parents’ Evaluation of 

Developmental Status – Developmental Milestones is a criterion-based screening measure as 

opposed to a norm-referenced measure which is typically examined in studies of pre-

academic/academic functioning in youth with NF1. Furthermore, the screening measure bases its 

scores on a very small number of items, and therefore the measure cannot have strong 

psychometric properties. 
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Few studies have examined pre-academic functioning and academic functioning in young 

children with NF1. While the few that exist suggest that pre-academic and academic deficits can 

be observed starting at a young age, further investigation is needed. Most studies examining 

academic functioning have a wide age range so it is unclear when problems with academic 

functioning may become more evident although there is some evidence that problems may 

increase during early childhood (Wessel et al., 2013). 

Longitudinal Studies of Academic Functioning in NF1. To my knowledge, there is 

only a single study examining pre-academic/academic functioning longitudinally in children with 

NF1, and this study should be interpreted with caution given the methodology used. Wessel and 

colleagues (2013) measured development in youth with NF1 using the Parents’ Evaluation of 

Developmental Status - Developmental Milestones screener at three age groups: infant (0-2 

years), preschool (3-5 years), and school age (6-8 years). Pre-math/math was examined at all 

three time points while pre-reading/reading was only measured during preschool and school age 

time points. For children with longitudinal data, the initial time point was compared to the 

second time point. For pre-math/math, 17% and 31% of children with NF1 were considered 

delayed at the initial and second time points, respectively. For pre-reading/reading, 14% and 

21% of children with NF1 were considered delayed at the initial and second time points, 

respectively. Frequency of considered delays did not significantly differ between initial and 

second time points for pre-reading/reading and pre-math/math abilities. Notably, 7-11% of 

children with pre-math/math and pre-reading/reading delays at the initial time point also had 

delays at their second time point. This study potentially suggests that it may be possible to 

identify learning difficulties in young children with NF1 using a very brief screening measure 

and detected early difficulties may persist as children develop. However, as previously noted, 
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these results need to be interpreted with caution given the concerns with the measure of pre-

academic/academic functioning used in this study. Further examination of longitudinal academic 

abilities in children with NF1 is warranted as the only known study uses a screening measure to 

examine pre-academic and academic functioning making it difficult to compare to other studies 

in children with NF1.  

Summary of Pre-academic and Academic Functioning in Children with NF1 

The literature examining academic functioning in children with NF1 suggests that 

reading and math abilities are a common concern. Additionally, common areas of cognitive 

difficulty in NF1 have been shown to potentially impact school age academic functioning (e.g., 

intellectual functioning, executive functioning). There are some indications that difficulties with 

pre-math and pre-reading difficulties can be identified in young children with NF1 although the 

research is currently limited. Only a single study examined pre-academic/academic abilities in 

children with NF1 longitudinally and found that considered delays did not change over time; 

however, this study used a criterion-based screening measure rather than a norm-referenced 

measure. 

Based on the academic literature regarding children with NF1, there are several 

significant limitations to the current literature that need to be addressed. First, there is limited 

cross-sectional research that examines the cognitive correlates associated with academic 

functioning in children with NF1. Second, there are a limited number of studies that examine 

pre-academic functioning and early school age academic functioning specifically. Third, there is 

only a single study that examines pre-academic/academic functioning over time and this study 

needs to be interpreted with caution due to methodological concerns. Finally, to my knowledge 

there is no literature that looks at early school age predictors of later academic functioning. 
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Overall Summary and Rationale 

 Academic challenges are the most commonly reported problem for children with NF1 

despite the cognitive profile for NF1 often indicating other common areas of difficulty such as 

intellectual functioning, attention, executive functioning, visuospatial abilities, and language. 

Notably, intellectual functioning, attention, executive functioning, visuospatial abilities have 

been shown to have concurrent relations with academic functioning in school age children with 

NF1. Despite the common occurrence of academic problems in children with NF1, there is 

limited information about pre-academic functioning and the pre-academic/academic functioning 

trajectory. In particular, there are no known studies that examine predictors of later academic 

functioning in children with NF1.  

As there are no known studies of pre-academic and neuropsychological predictors of later 

academic functioning in children with NF1, potential predictors were based on findings from the 

typically developing literature. Based on a review of the literature, there is evidence to suggest 

that school age reading and math ability may be predicted by both pre-academic and 

neuropsychological predictors (intellectual functioning, attention, executive functioning, 

language, and visuospatial abilities) for preschool/early school age children. 

Based on examination of the literature of pre-academic/academic functioning in children 

with NF1 and predictors of school age academic performance in typically developing children, 

potential predictors of school age academic functioning were determined for children with NF1. 

This study aims to both replicate the findings of school age academic functioning of children 

with NF1 from previous studies as well as to examine predictors of later academic functioning 

for the first time. 

Aims and Hypotheses 
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Aim 1: Replicate the previous findings in the literature that examine academic performance of 

late school age children with NF1.  

1a: Children with NF1 will have poorer academic performance when compared to the 

normative mean and have rates of difficulty similar to those found in previous studies.  

1b: It is hypothesized that intellectual functioning, attention, working memory, and oral 

language abilities will be able to predict reading abilities in children with NF1.  

1c: It is also hypothesized that intellectual functioning, attention, working memory, and 

visuospatial abilities will predict math abilities in children with NF1. 

Aim 2: Examine the association between pre-academic functioning and later academic 

functioning in children with NF1.  

2a: It is hypothesized that a pre-math measure will be associated with later math ability.  

2b: It is also hypothesized that pre-reading measures will be correlated with later reading 

abilities. 

Aim 3: Investigate whether neuropsychological variables in the early school age years predict 

later school age academic functioning in children with NF1.  

3a: It is hypothesized that intellectual functioning, attention, working memory, and oral 

language abilities will be associated with later reading abilities in children with NF1.  

3b: It is also hypothesized that intellectual functioning, attention, working memory, and 

visuospatial abilities will be associated with later math abilities in children with NF1.  

Aim 4 (Exploratory): Examine which early school age pre-academic and/or neuropsychological 

predictors are best able to significantly predict later reading and math abilities in children with 

NF1. As Aim 4 is more exploratory in nature, there are not previous studies from which to 

directly draw evidence to hypothesize the predictors which are going to be most likely to predict 
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later academic functioning. However, based on the prior information about pre-academic and 

neuropsychological associations with academic functioning in children with NF1 and in typically 

developing children, it is hypothesized that three predictors will be able to significantly predict 

later reading and math abilities in children with NF1.  

Aim 5 (Exploratory): Examine the relation between how a set of late school age 

neuropsychological variables as well as a set of early school age pre-academic or 

neuropsychological variables are associated with the set of late school age academic variables. 

Since Aim 5 is also more exploratory in nature, there are also no prior studies examining this to 

base hypotheses on. However, it is hypothesized that there will be a significant relationship 

between the sets of pre-academic (early school age) or neuropsychological variables (early 

school age and late school age) and late school age academic variables. 

Method 

Participants 

Participants initially took part in a study to examine the cognitive and behavioral 

phenotype of preschool and early school age (ESA) children with NF1 (n = 62; ages 3 to 8). 

Children with NF1 and their families were recruited from NF clinics in the Milwaukee 

(Neurofibromatosis Clinic at the Children’s Hospital of Wisconsin Genetics Center/Medical 

College of Wisconsin) and Chicago (University of Chicago Neurofibromatosis Clinic) areas, and 

flyer distribution at regional NF1 symposiums. Children with NF1 were asked to return each 

year for a follow-up appointment until age 8. Thus, participants have a varying number of 

follow-up appointments due to willingness to return for follow-up appointments and the age at 

which they entered the study.  
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We also examined the cognitive and behavioral phenotype of late school age (LSA) 

children with NF1 (n = 40; ages of 9 to 13; Table 1). Children with NF1 and their families who 

previously participated in the earlier study were contacted about participation via a flyer in the 

mail and by phone to answer potential study questions. New participants were recruited through 

several Midwestern Neurofibromatosis clinics and a study flyer being posted on the 

Neurofibromatosis Research Registry. Twenty-seven of the children in the LSA sample also 

participated in the prior ESA study. 

Children with NF1 who completed visits both during the ESA and the LSA time points 

were included if they had both a full set of pre-academic functioning data at the ESA time point 

and academic functioning data at the LSA time point. Twenty-four children with NF1 had full 

sets of pre-academic data at the ESA time point (Table 2). These children were between the ages 

of 5 and 7. Notably, the full set of pre-academic measures used for this study could only all be 

administered starting at age 5. Three children with NF1 (ages 3-5) did not have full sets of pre-

academic measures completed at the ESA time point and were excluded from the analyses. ESA 

pre-academic functioning and neuropsychological variables were examined at multiple time 

points for some children with NF1. As some participants had multiple ESA visits, the data from 

the first visit with complete data for the pre-academic functioning measures were used for 

analyses. Inclusion criteria included diagnosis of NF1 from a physician and having English as 

the main language spoken in the home. Exclusion criteria also included any major surgery within 

the past 6 months and having another medical condition that is not typically associated with NF1. 

Notably, two children were included in the study who had medical treatment that may have 

impacted their cognition; however, these participants were included to capture the variability in 

pre-academic/academic performance that may be associated with children with NF1. 
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Measures 

 All measures included in this study are normed published measures that have adequate 

reliability and validity data. 

Intellectual Functioning 

Intellectual functioning was assessed using the Differential Abilities Scales, Second 

Edition (DAS-II; Elliot, 1990) at both the ESA and LSA time points. The DAS-II Early Years 

version was administered to children at the ESA time point and the DAS-II School-Age version 

was administered at the LSA time point. The DAS-II yields a General Conceptual Ability (GCA) 

score, which is similar to an intelligence quotient and is comprised of subtests assessing 

Nonverbal Reasoning, Verbal and Spatial abilities. The GCA composite score provided is a 

Standard Score (Mean = 100, SD = 15), with higher scores indicating better intellectual 

functioning.   

Attention 

 The Kiddie-Disruptive Behavior Disorder Schedule (KDBDS; Kaufman et al., 1996) and 

the Schedule for Affective Disorders and Schizophrenia for School Aged Children – Present and 

Lifetime Version (K-SADS-PL; Kaufman et al., 1997)- ADHD section were used to assess for 

symptoms of ADHD at the ESA and the LSA time points, respectively. Specifically, parents 

were interviewed about symptoms of ADHD to determine whether children met diagnostic 

criteria for ADHD. Diagnostic criteria are met for ADHD subtypes if parents endorsed six or 

more items for either predominantly hyperactive-impulsive or inattentive subtypes. If parents 

endorsed six or more items for both hyperactive/impulsive and inattentive symptoms, then 

children meet criteria for the combined presentation. For the KDBDS, children needed to have 

symptoms that occurred “some” or “a lot” of the time in at least two settings. Symptoms also 
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needed to be present for at least six months. Additionally, at least two questions about level of 

impairment needed to be rated as “some” or “a lot.” For the K-SADS-PL, an item was 

considered endorsed if symptom was rated as moderate or severe. 

The revised Conners’ Parent Rating Scale (CPRS-R; Conners, 1997) was used to assess 

parent rated attention abilities at the ESA visit. Specifically, the Cognitive Problems/Inattention 

(CPRS-R CPI), Hyperactivity (CPRS-R HYP), and ADHD Index (CPRS-R ADHD) scales were 

used to examine attention abilities in this study. Each scale provides a T score (Mean = 50, SD = 

10), with higher scores indicating poorer attention abilities. 

 The Conners 3rd Edition Parent Short Form (Conners–3; Conners, 2008) was used to 

assess parent reported attention abilities at the LSA time point. Specifically, the Conners–3 

Inattention and Hyperactivity/Impulsivity (H/I) scales were used to examine attention abilities in 

this study. The Conners–3 scales each provide a T score (Mean = 50, SD = 10); poorer attention 

ability is indicated by higher T scores. 

 The Recall of Digits-Forward (DF) subtest of the DAS-II (Elliot, 1990) was used as a 

performance-based measure of attention at both the ESA and LSA time points. This subtest 

provides a T score (Mean = 50, SD = 10), with higher scores indicating better attention abilities. 

 The Flanker Inhibitory Control and Attention Test (Flanker; Zelazo et al., 2013) was used 

as a performance-based measure of attention and inhibitory control at the LSA time point. 

Flanker scoring takes into account accuracy and reaction time. When accuracy is above 80%, 

reaction time and accuracy are considered in combination. However, accuracy alone is 

considered when its score is less than or equal to 80%. This subtest provides a Standard Score 

(Mean = 100, SD = 10), with higher scores indicating better attention and inhibitory control. 

Four children had missing data for the Flanker task. 
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Working Memory 

The Behavior Rating Inventory of Executive Function-Preschool Version (BRIEF-P; 

Gioia et al., 2003; age 5) and Behavior Rating Inventory of Executive Function (BRIEF; Gioia et 

al., 2000; ages 5-7) Working Memory scale (WM) were used to assess parent rated working 

memory for the ESA time point. At the LSA time point, the BRIEF Working Memory scale was 

used to assess working memory for all children. These scales provide a T score (Mean = 50, SD 

= 10), with higher scores indicating poorer working memory. 

The Recall of Digits-Backward (DB) subtest of the DAS-II (Elliot, 1990) was used as a 

performance-based measure of working memory at both the ESA and LSA time points. This 

subtest provides a T score (Mean = 50, SD = 10), with higher scores indicating better working 

memory abilities. Three children had missing data for this task at the ESA time point either due 

to difficulties understanding task instructions or because the DB task was not administered 

during that visit. 

Language Abilities 

The subtests comprising the DAS-II Verbal index were used to assess language 

functioning in children with NF1 (Elliot, 1990). The Naming Vocabulary (NV) and Verbal 

Comprehension (VC) subtests were examined for children administered the DAS-II Early Years 

form at the ESA time point and the Word Definitions (WD) and Verbal Similarities (VS) 

subtests were examined for children administered the DAS-II School-Age form at the LSA time 

point. These subtests provide a T score (Mean = 50, SD = 10), with higher scores indicating 

better language abilities. 

Visuospatial Functioning 



 

32 

 

 The subtests of the DAS-II Spatial index were used to examine visuospatial abilities 

(Elliot, 1990). The Copying (CO) and Pattern Construction (PC; DAS-II Early Year form) 

subtests were used to assess visuospatial functioning at the ESA time point and the Recall of 

Designs (RD) and PC subtests (DAS-II School-Age form) were used for the LSA time point. All 

subtests provide a T score (Mean = 50, SD = 10), with higher scores indicating better 

visuospatial performance.  

 The NEPSY Second Edition (NEPSY-II) Arrows subtest was also used to assess 

visuospatial functioning at the ESA time point (Korkman et al., 2007). This subtest provides a 

Scaled Score (Mean = 10, SD = 3), with higher scores indicating better visuospatial abilities. 

Early School Age Pre-Academic Functioning 

ESA pre-academic functioning was assessed using the Early Number Concepts (ENC), 

Phonological Processing (PP), and Rapid Naming (RN) subtests of the DAS-II (Elliot, 1990). 

ENC was used as a measure of pre-math ability, while PP and RN were used as assessments of 

pre-reading abilities. Each subtest provides a T score (Mean = 50, SD = 10), with higher scores 

indicating better pre-academic functioning. 

Late School Age Academic Functioning 

LSA reading-related and mathematics abilities were examined using the Wechsler 

Individual Achievement Test, Third Edition (WIAT-III; Breaux, 2009). The Word Reading 

(WR), Pseudoword Decoding (PD), and Reading Comprehension (RC) subtests were used to 

assess LSA reading-related abilities. The Math Problem Solving (MPS) and Numerical 

Operations (NO) subtests were used to examine LSA mathematical abilities. The WIAT-III 

subtests provide Standard Scores (Mean = 100, SD = 10). Higher scores on the WIAT-III 

indicate better academic performance.  
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Procedure 

At each time point, parents were mailed consent forms and questionnaires ahead of the 

visit to complete. Research appointments took place at the Child Neurodevelopment Research 

Lab (CNRL) at the University of Wisconsin–Milwaukee, Pediatric Neuropsychology Clinic at 

the University of Chicago Hospitals, participants’ homes, or in a quiet hotel conference room 

near participants’ homes. Visits took approximately 3 to 4 hours to complete and included a 

developmentally appropriate battery of neuropsychological assessments. 

Data Analytic Plan 

 Standardized scores for ESA pre-academic, LSA academic, and ESA and LSA 

neuropsychological variables were used due to the variety of ages at each time point. The 

normality of all variables was assessed, and non-parametric statistics were used as needed. 

Outliers were identified as needed using visual inspection and analyses were rerun without the 

outliers; results are reported without outliers if they were different from analyses that included 

outliers. Due to the small sample size, both statistical significance and effect sizes were 

analyzed. Statistical significance values were interpreted as follows: p-values < .05 were 

considered statistically significant. Spearman’s rho effect size (Cohen, 1988) are interpreted as 

follows: small = 0.1 – 0.3; medium = 0.3 – 0.5; large = 0.5 – 1. Kendall rank correlations were 

also assessed when they seemed appropriate and compared to Spearman correlations findings; 

associations did not significantly differ between Spearman and Kendall rank correlations for 

analyses. False discovery rate corrections were used within a given analysis (Benjamini & 

Hochberg, 1995; Pike, 2011). 

Only a subset of the children from the ESA time point returned for the LSA study. Thus, 

it is important to investigate whether there are differences between children who returned at LSA 
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time point from those who did not. As not all children who returned for the LSA time point will 

be included in the analyses for this study (n = 3 were excluded due to incomplete data), we will 

specifically investigate the differences between children who returned for the LSA time point 

and will be included in analyses (n = 24) and children who did not return (n = 23; ESAonly). T-

tests and chi-squares were used to examine demographic, intellectual functioning, and pre-

academic differences between the two groups. 

Relations with demographic variables were explored for all predictor and outcome 

variables at ESA and LSA time points. Potential age, gender, intellectual functioning, and SES 

effects were examined for all variables using Spearman correlations and t-tests as appropriate. 

For all demographic analyses, outliers were included in the analyses. 

In order to assess Aim 1 (examination of LSA academic performance), academic 

outcomes and predictors were compared to the normative mean using a one-sample t-test for all 

children who were seen at the LSA time point (n = 40). The percentage of children who are one 

standard deviation below the normative mean was also assessed to examine LSA academic 

difficulties. Spearman correlations were used to examine the ability of neuropsychological 

variables to concurrently predict LSA academic outcome variables. For each math subtest, 

individual predictors of intellectual functioning, attention, working memory, and visuospatial 

abilities were analyzed. For each reading-related subtest, the individual predictors of intellectual 

functioning, attention, working memory, and oral language were examined.  

To examine Aim 2 (association between ESA pre-academic measures and LSA academic 

functioning), Spearman correlations between ESA pre-academic measures and LSA academic 

variables were analyzed for children with NF1 who participated in both ESA and LSA visits (n = 

24). Specifically, the correlation between pre-math ability (DAS-II ENC) and each math subtest 
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was assessed. For reading-related subtests, correlations were examined with both the pre-reading 

(DAS-II PP and RN) scores individually. 

To assess Aim 3 (association between ESA neuropsychological variables and LSA 

academic performance), Spearman correlations between ESA neuropsychological variables and 

LSA academic measures were examined for the subset of children who were seen at both ESA 

and LSA time points (n = 24). For each math subtest, correlations between ESA intellectual 

functioning, attention, working memory, and visuospatial abilities were analyzed. For each 

reading-related subtest, correlations between ESA intellectual functioning, attention, working 

memory, and oral language were examined. 

To assess Aim 4 (exploratory examination of the ESA pre-academic and 

neuropsychological variables that best predict LSA academic functioning), the ESA pre-

academic and neuropsychological variables with the strongest associations with LSA academic 

functioning, based on the results of Aims 2 and 3, were entered in a hierarchical regression 

model. Due to the small sample size, we limited the number of predictors in each regression 

model to three predictors. Predictors with the strongest association were entered into the 

regression first.  

To assess Aim 5 (exploratory examination of the association of a set of ESA pre-

academic variables, ESA neuropsychological variables or LSA neuropsychological variables 

with a set of LSA academic variables), canonical correlations were examined. There may be 

individual differences in how pre-academic and neuropsychological variables relate to academic 

variables. Thus, if individual differences are present then canonical correlation between pre-

academic or neuropsychological variables and the academic variables may better reveal 

associations compared to hierarchical regression. First, we examined the association between 
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LSA neuropsychological variables and LSA academic variables. Second, we investigated the 

relation between ESA pre-academic variables and LSA academic variables. Third, we examined 

the association between ESA neuropsychological variables and LSA academic variables. 

Canonical loadings higher than .6 were considered to contribute highly to the pre-academic, 

neuropsychological, and academic dimensions. 

Results 

Participant Demographics 

Demographic information was collected for the 24 children with NF1 who were seen at 

both the ESA and LSA time points (Table 2). On average, the LSA time point occurred 

approximately four years after the ESA time point. Similar numbers of boys and girls returned 

for the LSA time point. On the Hollingshead Four-Factor Index of Socioeconomic Status (SES; 

Hollingshead, 1975), children had similar SES levels at both the ESA and LSA time points. The 

sample consisted of mostly children who had sporadic cases of NF1 instead of a family history of 

NF1. Children who returned for the LSA time point primarily identified their race/ethnicity as 

Caucasian. Mean intellectual functioning was in the average range at both time points. At the 

ESA time point, zero children met ADHD criteria for the Primarily Inattentive subtype, three met 

criteria for the Primarily Hyperactive/Impulsive subtype, and three met criteria for the Combined 

subtype. At the LSA time point, five children met ADHD criteria for the Primarily Inattentive 

subtype, zero met criteria for the Primarily Hyperactive/Impulsive subtype and three met criteria 

for the Combined subtype. At the ESA time point, two children were taking ADHD medications. 

Five children were taking ADHD medications at the time of the LSA study visit. 

Demographic information was also collected for all 40 children with NF1 who were seen 

at the LSA time point (Table 1). Children with NF1 seen at this time point were comprised of 
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similar numbers of boys and girls. More children with sporadic cases of NF1 were seen at the 

LSA time point. The sample was comprised of children who primarily identified their 

race/ethnicity as Caucasian. Intellectual functioning of children who were seen at the LSA time 

point was in the average range.  When assessing how many children with NF1 met criteria for 

ADHD, seven children met criteria for the Primarily Inattentive subtype, one participant met 

criteria for the Primary Hyperactive/Impulsive subtype and five children met criteria for the 

Combined subtype. Ten children were reported to be taking medications for ADHD at the LSA 

time point. 

Attrition Analyses 

Attrition analyses examined differences between the ESA (those seen both in ESA and 

LSA timepoints) and ESAonly groups for demographic, intellectual functioning, and pre-

academic differences. Twenty-three children ages 5 to 7 (M = 6.10, SD = 0.89) did not return for 

the LSA time point and were included in the ESAonly group. This group was comprised of 13 

(57%) boys and 10 (43%) girls. Ten children (43%) had a familial history of NF1 and 13 (57%) 

children had sporadic cases of NF1. Mean SES for the ESAonly group was 40.19 (SD = 13.27); 

two children in the ESAonly group did not have SES data available. Children in the ESAonly 

group primarily identified their race/ethnicity as Caucasian (n = 17); one child identified as 

African American, four as Latino, zero as Asian, and one as Mixed. 

There were no significant group differences for any of the demographic variables: age 

(t(45) = -0.152, p = .880), gender (χ2(1) = 0.016, p = .900), SES (t(43) = 1.231, p = .225), NF 

classification (χ2(1) = 2.772, p = .096), race/ethnicity (χ2(1) = 0.181, p = .671). Race/ethnicity 

was collapsed into two categories (Caucasian versus non-Caucasian) to analyze group 

differences due to the small number of children who classified their race/ethnicity as African 
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American, Latino, Asian, or Mixed. Notably, normality was violated for age for the ESAonly 

group; however, there were still no significant age differences between groups when non-

parametric statistics were analyzed.  

There were no significant differences in intellectual functioning between the ESA and 

ESAonly (M = 92.78, SD = 16.36) groups (t(45) = 1.420, p = .163), with both groups performing 

in the average range. The ESA group performed in the average range on pre-academic tasks: 

DAS-II ENC (M = 50.96, SD = 9.77), PP (M = 49.96, SD = 8.36), and RN (M = 52.63, SD = 

6.49). ESAonly group performed in the low average to average range on pre-academic tasks: 

DAS-II ENC (M = 43.30, SD = 12.85), PP (M = 41.43, SD = 14.12), and RN (M = 51.56, SD = 

9.47). Notably, DAS-II PP data was not available for two children in the ESAonly group and 

DAS-II RN data was not available for five children in the ESAonly group. Analysis of pre-

academic variables suggested that the ESA group performed significantly better on DAS-II ENC 

(t(45) = 2.306, p = .026) and PP (Welch t(31.578) = 2.422, p = .021) tasks compared to the 

ESAonly group. When an independent samples t-test was run to assess group differences for 

DAS-II ENC, it was noted that there were outliers and normality was violated for the ESA group. 

Thus, the analysis was rerun removing the outliers using a Welch t-test (t(29.730) = 2.617, p = 

.014); results did not significantly differ from analyses that included outliers. Significant group 

differences were not found for DAS-II RN (t(40) = 0.435, p = .666). Notably, when an 

independent samples t-test was run to assess group differences for DAS-II RN, there were 

outliers. The analysis was rerun removing the outliers using an independent samples t-test (t(38) 

= -0.617, p = .541), suggesting that results did not significantly differ from analysis that included 

outliers. 

Demographic Analyses 
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Relations between demographic variables (age, gender, intellectual functioning, SES) 

were analyzed for all behavioral, cognitive, and pre-academic/academic variables at the ESA 

(Table 3) and LSA (Table 4 and Table 5) time points. At the ESA time point (Table 3), there 

were no significant relations with age and SES. There were no significant gender differences at 

the ESA time point. Significant Spearman correlations were found between intellectual 

functioning (DAS-II GCA) and DAS-II DB and PP. Spearman correlations between DAS-II 

GCA and NV, VC, CO, and PC were not analyzed as these subtests are components of the DAS-

II GCA score. 

At the LSA time point for participants who were seen at both the ESA and LSA time 

points (n = 24; Table 4), no significant associations were found between LSA behavioral, 

cognitive, and academic variables and age or SES. Using a Welch t-test, boys had significantly 

higher Conners–3 Inattention scores compared to girls. Significant Spearman correlations were 

found between intellectual functioning (DAS-II GCA) and DAS-II DB, Flanker, and WIAT-III 

NO, MPS, WR and PD. Spearman correlations between DAS-II GCA and WD, VS, RD, and PC 

were not analyzed as these subtests are components of the GCA score. 

At the LSA time point, relations between demographic variables and all behavioral, 

cognitive, and academic variables were also examined for all participants who were seen at the 

LSA time point (n = 40; Table 5). No significant associations were found between age and 

behavioral, cognitive, and academic variables. No significant associations were found between 

SES and behavioral, cognitive and academic variables. Boys had significantly poorer parent 

rated inattention ability (Conners–3 Inattention) compared to girls. However, boys had 

significantly better performance than girls on the Flanker, DAS-II RD, and WIAT-III MPS. 

Intellectual functioning (DAS-II GCA) was significantly associated with DAS-II DF, Flanker 
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and DAS-II DB. Spearman correlations between overall intellectual functioning (DAS-II GCA) 

and its component subtests (DAS-II WD, VS, RD, and PC) were not analyzed. Spearman 

correlations between DAS-II GCA and WIAT-III academic subtests are examined as part of Aim 

1 and the results are presented below. 

Aim 1 Results 

Description of Academic Functioning at Late School Age 

When academic abilities at LSA were compared to the normative mean (Table 6), 

children with NF1 performed significantly below the normative mean for WIAT-III MPS, NO, 

WR and PD. However, academic abilities at LSA did not differ significantly from the normative 

mean for WIAT-III RC. WIAT-III MPS had one outlier but when the analysis was run again 

without the outlier, the results still remained significant (t(38) = -4.352, p = < .001). Notably, the 

mean scores for all academic tasks were in the average range. More than 1/4 and up to 

approximately 1/3 (27.5-35%) of children had performance one standard deviation below the 

mean for WIAT-III MPS, NO, WR, and PD; however, only 7.5% of children with NF1 

performed one standard deviation below the mean for WIAT-III RC.  

Relations Between Late School Age Neuropsychological Variables and Late School Age 

Academic Functioning 

Associations between neuropsychological variables and WIAT-III academic variables 

were assessed (Table 7). 

Reading-Related. DAS-II GCA, DF, DB, WD, and VS were significantly correlated 

with WIAT-III PD; all significant correlations had medium to large effect sizes and survived 

FDR correction. DAS-II GCA, DF, WD, and VS were significantly correlated with WIAT-III 

RC. Significant Spearman correlations between DAS-II GCA, WD, and VS and WIAT-III RC 
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had medium to large effect sizes and continued to be significant after FDR correction. The 

significant Spearman correlation between DAS-II DF and WIAT-III RC had a medium effect 

size and was no longer significant after FDR correction. Flanker in addition to DAS-II GCA, DF, 

WD, and VS were significantly correlated with WIAT-III WR; significant Spearman correlations 

between DAS-II GCA, DF, WD, and VS and WIAT-III WR with medium to large effect sizes 

and remained significant after FDR correction. The correlation between Flanker and WIAT-III 

WR had a medium effect size and did not remain significant after FDR correction. Notably, 

DAS-II DB was initially significantly correlated with WIAT-III WR (rs(38) = .344, p = .030), 

but was no longer significant when an outlier was removed.  

Mathematics. Flanker as well as DAS-II GCA, DF, DB, and RD were significantly 

correlated with both WIAT-III NO and MPS. DAS-II PC was also significantly correlated with 

WIAT-III NO. All significant Spearman correlations had a medium or large effect size and 

remained significant after FDR correction. There were no significant differences in the analyses 

when outliers were removed.  

Aim 2 Results: Relations Between Early School Age Pre-Academic Abilities and Late 

School Age Academic Functioning 

The associations between pre-academic functioning at ESA and academic functioning at 

LSA were examined (Table 8).  

Reading-Related 

DAS-II PP was significantly correlated to all reading-related tasks (WIAT-III PD, RC, 

WR). All significant Spearman correlations had large effect sizes. DAS-II RN was not 

significantly correlated to any of the academic tasks. There were no differences in the analyses 

when outliers were removed for DAS-II PP and RN analyses. Notably, all significant Spearman 
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correlations between ESA DAS-II PP and LSA reading-related tasks remained significant after 

FDR correction. 

Mathematics 

DAS-II ENC was significantly correlated to math tasks (WIAT-III NO and MPS). There 

were no differences in the analyses when outliers were removed for DAS-II ENC analyses. All 

significant Spearman correlations had large effect sizes and remained significant after FDR 

correction. 

Aim 3 Results: Relations Between Early School Age Neuropsychological Variables and 

Late School Age Academic Functioning 

Associations between ESA neuropsychological variables and LSA academic performance 

were also examined (Table 9).  

Reading-Related 

DAS-II DB and VC were significantly associated with WIAT-III PD. The effect sizes for 

the significant Spearman correlations between both DAS-II DB and VC with WIAT-III PD were 

large and remained significant after FDR correction. DAS-II GCA, NV, and VC were 

significantly correlated with WIAT-III RC. All effect sizes for significant Spearman correlations 

were medium and were no longer significant after FDR correction. DAS-II GCA, DF, DB, NV, 

and VC were significantly associated with WIAT-III WR. Notably, if one participant was 

removed who may be an outlier, there was a significant relation between CPRS-R CPI and 

WIAT-III WR (rs(21) = -.421, p = .045). The effect size for the significant Spearman correlation 

between DAS-II DF and WIAT-III WR was medium, while the effect sizes for the Spearman 

correlations between DAS-II GCA, DB, NV, and VC and WIAT-III WR were large. Significant 
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Spearman correlations for both medium and large effect sizes remained significant after FDR 

correction.  

Mathematics 

DAS-II GCA, DF, DB, and PC were significantly correlated with WIAT-III NO and 

MPS. While there was a significant relation between DAS-II PC and WIAT-III MPS, it is 

important to note that there were some discontinuities, and the relation seems to be heavily 

influenced by a couple of participants. The effect size was medium for the association between 

DAS-II DF and WIAT-III NO, but a large effect size was noted for the correlations between 

DAS-II GCA, DB, and PC and WIAT-III NO. The effect size was medium for the association 

between DAS-II GCA and PC and WIAT-III MPS while a large effect size was noted for the 

correlations between DAS-II DF and DB and WIAT-III MPS. Notably, correlations with large 

effect sizes were still significant after FDR correction while the correlations with medium effect 

sizes were not significant after FDR correction. 

Aim 4 Results: Early School Age Pre-Academic and Neuropsychological Predictors of Late 

School Age Academic Functioning (Exploratory Hierarchical Regression Analyses) 

The pre-academic and neuropsychological variables with the three highest correlations 

with each academic task were used for hierarchical multiple regression analyses. Notably, when 

DAS-II GCA and one of the components that makes up DAS-II GCA (e.g., NV) were both one 

of the three highest correlations, only correlations with DAS-II GCA were used. Notably, the 

assumption of homoscedasticity was violated for all hierarchical multiple regression analyses. 

Since DAS-II DB had one of the three highest correlations with all WIAT-III academic 

variables, hierarchical multiple regression analyses were examined using a sample of 21 children 

with NF1, as three children were missing data for DAS-II DB. 
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Reading-Related 

A hierarchical multiple regression using DAS-II PP, DB and VC (predictors entered 

individually in this order) was analyzed to predict WIAT-III PD. The full hierarchical multiple 

regression model of DAS-II PP, DB, and VC significantly predicted WIAT-III PD, R2 = .551, 

F(3, 17) = 6.968, p = .003, adjusted R2 = .472.  DAS-II PP alone was a significant predictor of 

WIAT-III PD (F(1, 19) = 12.898., p = .002, R2 = .404). The addition of DAS-II DB (F(1, 18) = 

3.554, p = .076, R2 change = .098) and DAS-II VC (F(1, 17) = 1.854, p = .191, R2 change = .049) 

did not lead to a statistically significant increase in R2. 

A hierarchical multiple regression using DAS-II PP, GCA, and DB was analyzed next 

(predictors entered individually in this order) to predict WIAT-III RC. The full hierarchical 

multiple regression model of DAS-II PP, GCA, and DB did not significantly predict WIAT-III 

RC, R2 = .312, F(3, 17) = 2.566, p = .089, adjusted R2 = .190. DAS-II PP alone was a significant 

predictor of RC (F(1, 19) = 5.866, p = .026, R2 = .236). The addition of DAS-II GCA (F(1, 18) = 

1.219, p = .284, R2 change = .048) and DAS-II DB (F(1, 17) = .674, p = .423, R2 change = .027) 

did not lead to statistically significant increases in R2. 

Next, a hierarchical multiple regression using DAS-II PP, DB, and VC (predictors 

entered individually in this order) to predict WIAT-III WR was analyzed. The full hierarchical 

multiple regression model of DAS-II PP, DB, and VC significantly predicted WIAT-III WR, R2 

= .649, F(3, 17) = 10.498, p = < .001, adjusted R2 = .588. DAS-II PP alone was a significant 

predictor of WIAT-III WR (F(1, 19) = 15.596, p = < .001, R2 = .451). The addition of DAS-II 

DB (F(1, 18) = 2.160, p = .159, R2 change = .059) did not lead to a statistically significant 

increase in R2. The addition of DAS-II VC (F(1, 17) = 6.779, p = .019, R2 change = .140) did 

lead to a statistically significant increase in R2. Due to concerns about high leverage points, 



 

45 

 

analyses were rerun removing four high leverage points. The only notable change when the high 

leverage points were removed was that DAS-II VC no longer led to a statistically significant 

increase in R2. However, this additional analysis has lower power so the difference from the 

original analysis should be interpreted with caution. 

Mathematics 

A hierarchical multiple regression using DAS-II DB, ENC, and GCA (predictors entered 

individually in this order) to predict WIAT-III NO was analyzed. The full hierarchical multiple 

regression model of DAS-II DB, ENC, and GCA significantly predicted WIAT-III NO, R2 = 

.671, F(3, 17) = 11.571, p < .001, adjusted R2 = .613. DAS-II DB alone was a significant 

predictor of WIAT-III NO (F(1, 19) = 26.140, p = < .001, R2 = .579). The addition of DAS-II 

ENC (F(1, 18) = 3.075, p = .097, R2 change = .061) and DAS-II GCA (F(1, 17) = 1.591, p = 

.224, R2 change = .031) did not led to a statistically significant increase in R2. 

A hierarchical multiple regression using DAS-II DB, ENC, and DF (predictors entered 

individually in this order) was analyzed to predict WIAT-III MPS. The full hierarchical 

regression model of DAS-II DB, ENC, and DF significantly predicted WIAT-III MPS, R2 = .841, 

(F(3, 17) = 29.940, p < .001, adjusted R2 = .813). DAS-II DB alone was a statistically significant 

predictor of WIAT-III MPS (F(1, 19) = 39.719, p = < .001, R2 = .676). The addition of DAS-II 

ENC (F(1, 18) = 10.869, p = 004., R2 change = .122) led to a statistically significant increase in 

R2. The addition of DAS-II DF (F(1, 17) = 4.551, p = .048, R2 change = .043) also led to a 

statistically significant increase in R2. 

Aim 5 Results: Relations Between Pre-Academic and Neuropsychological Abilities and 

Academic Functioning (Exploratory Canonical Correlation Analyses) 
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 Exploratory canonical correlations were investigated to assess relations between the pre-

academic and neuropsychological variables with academic tasks. Tasks that were components of 

the GCA were not used as part of the analyses. Additionally, parent reported questionnaires were 

not included in the analyses due to the lack of association between these variables in the earlier 

analyses. 

A statistically significant relationship was found between the LSA neuropsychological 

variables (DAS-II GCA, DF, DB, and Flanker) and LSA academic variables (WIAT-III PD, RC, 

WR, NO, MPS) on only the first canonical dimension (F(20.0/90.5) = 3.234, p < .001; Table 10). 

This analysis was also run without outliers and the analysis continued to show a significant 

relationship between the academic and neuropsychological variables. For the neuropsychological 

variables, DAS-II GCA contributed the most. For the academic dimension, WIAT-III NO, MPS, 

WR, and PD contributed the most.  

 When examining the canonical correlation between ESA pre-academic variables (DAS-II 

ENC, PP, RN) and LSA academic variables (WIAT-III PD, RC, WR, NO, MPS), only one of the 

canonical dimensions were statistically significant (F(15.0/44.6) = 2.524, p = .009; Table 11). 

For the pre-academic dimension, DAS-II PP and ENC contributed highly but not RN. The 

academic dimension was mostly influenced by WIAT-III NO, MPS, WR, and PD but not RC. 

Notably, when an outlier was removed from the analysis, the canonical correlation no longer 

yielded a statistically significant model. 

When examining the canonical correlation between ESA neuropsychological variables 

(DAS-II GCA, DF, DB) and the LSA academic variables (WIAT-III PD, RC, WR, NO, MPS), 

there was a statistically significant relation for only one of the canonical dimensions 

(F(15.0/36.3) = 3.274, p = .002; Table 12). DSA-II GCA and DB contributed the most to the 
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ESA neuropsychological dimension. The LSA academic dimension was mostly influenced by the 

WIAT-III MPS, NO, WR, and PD variables but not RC. Results remained significant when an 

outlier was removed.  

When compared to the earlier analyses that investigated the association between 

individual pre-academic or neuropsychological variables and academic tasks (Aims 1-3), there 

are several notable similarities between the results. First, both sets of analyses indicate that we 

are able to correlate LSA academic performance with concurrent or earlier neuropsychological 

variables as well as earlier pre-academic variables. Furthermore, DAS-II GCA, DB, PP, ENC all 

emerge as strong contributions to canonical correlations analyses and these variables also have 

strong correlations with academic tasks when the associations are examined individually. 

Discussion 

 This aim of the current investigation was to replicate studies of concurrent 

neuropsychological correlates of academic functioning in late school age children with NF1 as 

well as to investigate for the first time relations between early school age pre-academic and 

neuropsychological abilities and later school age academic functioning in children with NF1. 

Due to the preliminary nature of this study and small sample size, findings will be interpreted as 

significant even if they did not survive FDR correction. The findings of this study replicated past 

concurrent relations between neuropsychological correlates and late school age academic 

functioning generally as predicted.  Due to the higher chance of academic difficulties in children 

with NF1, it is important to learn what factors contribute to risk for academic problems. Study 

findings suggested that of the pre-academic variables, phonological processing and foundational 

number knowledge were associated with late school age reading-related and math abilities 

respectively as predicted. Furthermore, early school age intellectual functioning, performance-
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based attention, performance-based working memory abilities were also related to late school 

age academic abilities generally as predicted. Additionally, early school age visual spatial 

abilities were found to be related to late school age math abilities and early school age oral 

language abilities were found to be associated with late school age reading abilities. 

Questionnaire measures did not show any significant associations with any academic tasks when 

looking at longitudinal and concurrent relations with the exception of a possible relation between 

early school age inattention (CPRS-R CPI) and late school age word reading if a potential outlier 

was removed.  

 In the remainder of the Discussion, study findings and their association to the past 

literature are reviewed. In particular, the importance of domain specific and domain general 

abilities are discussed. Longitudinal and concurrent predictors of academic functioning in NF1 

are highlighted. Additionally, the implications for clinical practice, limitations, future directions 

and overall study conclusions are discussed. 

Reading Abilities Findings in Relation to Previous Literature 

Participants who were assessed in both the late school age years had mean performance 

in the average range on word reading and reading comprehension tasks consistent with prior 

literature in children with NF1 (e.g., Clements-Stephens et al., 2008; Hyman et al., 2005). In the 

current study, late school age word reading and pseudoword decoding (but not reading 

comprehension) were below the normative mean, which is consistent with prior studies 

indicating poorer basic reading and reading comprehension compared to unaffected siblings and 

controls (e.g., Clements-Stephens et al., 2008; Cutting et al., 2000; Hyman et al., 2005; 

Mazzocco et al., 1995).  
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Compared to past literature, rates of reading difficulties observed here (7.5-27.5%) were 

within the range of findings for past studies; however, it is important to note that a wide range of 

difficulties has been found in previous studies approximately 10-45% (e.g., Chaix et al., 2018; 

Coutinho et al. 2016; Dilts et al., 1996; De Winter et al., 1999; Hyman et al., 2005; North et al., 

1994; North et al., 1995). Notably, reading comprehension difficulties in this study were much 

lower than found in some studies in the past literature. For example, some past studies have 

shown that approximately half the sample had impaired performance on reading comprehension 

tasks (North et al., 1994; North et al., 1995). This indicates that, our sample may have had less 

effect on reading comprehension abilities than prior literature potentially due to a variety of 

reasons such as small sample size, attrition, and age at the time of study participation.  

When assessing the concurrent relations between late school age neuropsychological 

variables and reading-related variables, intellectual functioning, performance-based attention, 

performance-based working memory, oral language were associated with reading-related 

abilities, generally as hypothesized. Contrary to expectations, relations to one of the 

performance-based attention variable (Flanker) were more sparsely observed than expected; 

Flanker was not significantly related to pseudoword decoding or reading comprehension, 

although a significant relation to word reading was observed. Also contrary to expectations, 

performance-based working memory was not associated with word reading or reading 

comprehension. Overall, however, concurrent relations were largely consistent with prior studies 

in children with NF1 examining the aforementioned neuropsychological variables in relation to 

reading-related abilities. Specifically, intelligence has been associated with reading abilities in 

children with NF1 (e.g., Coutinho et al., 2016; Janke et al., 2014). Attention has also been 

associated with reading abilities as children with both NF1 and ADHD performed worse on 
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reading tasks than children with NF1 alone suggesting that attention can impact reading 

performance in children with NF1 (Barton and North, 2007; Pride et al., 2012). While language 

variables were associated with academic variables in this study, the impact of language abilities 

on reading tasks in children with NF1 is unclear. When children with NF1 were IQ matched to 

unaffected controls and idiopathic reading groups, oral language deficits were not found for 

children with NF1 (Cutting et al., 2010). 

During early school age, phonological processing and rapid naming abilities were in the 

average range consistent with prior literature with young children with NF1 (e.g., Janke, 2013). 

In a sample of young children with NF1 that overlaps substantially with the current sample, 

phonological processing abilities were poorer when compared to the unaffected group, but 

differences for rapid automatic naming were not found when comparing young children with 

NF1 to the normative mean and unaffected controls (Janke, 2013). We assessed the relation 

between pre-reading abilities in the early school age years and late school age reading-related 

abilities. Phonological processing was associated with late school age reading-related abilities as 

predicted. However, the other pre-reading ability in the early school age years, rapid naming, 

showed no significant relations with any of the late school age reading-related abilities. The 

relation to phonological abilities is similar to past findings (e.g., Lonigan et al., 2000). With 

regard to rapid naming, Cirino and colleagues (2018) found that RAN abilities in typically 

developing children who were in kindergarten were associated with reading performance in the 

first grade. Additionally, Cronin (2013) also found that rapid naming of objects during preschool 

and kindergarten was associated with reading abilities through the fifth grade. Differences 

between the associations found in the past literature may be due to the different assessment 

measures used to assess rapid naming or they may be due to a real difference in the relations 
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between rapid naming in children with NF1 when compared to typically developing children. 

The current study suggests that phonological abilities are an important building block for reading 

abilities in children with NF1. Furthermore, phonological awareness has been identified as an 

area of weakness in children with NF1 when compared to matched unaffected children 

regardless of reading impairment (Chaix et al., 2018). Thus, it appears that difficulties with 

phonological awareness may be a core feature of the NF1 cognitive profile and children with 

NF1 may be more vulnerable to phonologically-based reading disorders than to orthographically-

based reading disorders, or that orthographic reading disorders are more prominent in NF1 at a 

later age. Further examination of the relation between rapid naming and later reading abilities 

across different gaps of time may be important.  

When assessing the correlations between early school age neuropsychological variables 

and late school age academic functioning, patterns of associations varied across reading-related 

tasks. Early school age intellectual functioning was associated late school age word reading and 

reading comprehension abilities but not non-word reading. Early school age performance-based 

attention (DAS-II DF) was only associated with late school age word reading. Early school age 

performance-based working memory was associated with most late school age reading-related 

academic tasks except for reading comprehension. Early school age language tasks were 

associated with late school age reading-related tasks as predicted. However, verbal reasoning 

(DAS-II NV) was not associated with non-word reading.  These findings are consistent with past 

literature that suggests that later reading ability in typically developing children is associated 

with earlier intellectual functioning (e.g., Horbach at el., 2018; Peng et al., 2019) and language 

abilities (e.g., Duff et al., 2015). In this study, performance-based attention was associated with 

later word reading, but not reading comprehension. Prior research has suggested that teacher 



 

52 

 

ratings of attention are indirectly related to later reading comprehension through word reading 

(Miller et al., 2014). Thus, it may be that we do not see a direct relationship between attention 

and reading comprehension in this study but may have found an indirect effect if that had been 

investigated. Working memory has been associated with later word decoding and reading 

comprehension abilities in typically developing children (Novo et al., 2001) while other studies 

have examined composites of executive functioning to predict later reading abilities (e.g., Blair 

& Razza, 2007; Ribner et al., 2017). This study only found a relation between word reading and 

working memory, but did not find a relation between reading comprehension and working 

memory. This may be due to the longer length of time between assessment of working memory 

and reading comprehension, less impairment observed in reading comprehension in this study, or 

it may be that a composite of EF would be more beneficial to predicting later reading 

comprehension. 

Reading comprehension was less impacted and had different interrelations with other 

measures in this sample compared to the other academic variables. More research should be 

conducted in reading comprehension abilities in children with NF1 as difficulties have been 

inconsistently found in past literature. Notably, past literature has hypothesized that mixed 

findings in reading comprehension difficulties may be related to intellectual functioning and 

small sample size (e.g., Mazzocco, 2001). In this sample, intellectual functioning was in the 

average range and did not significantly differ from the normative mean which may be a reason 

that reading comprehension was less impacted. Future research may also want to investigate 

whether greater reading comprehension difficulties emerge in later adolescence as paragraphs 

become more conceptually challenging. Additionally, visuospatial abilities have been shown to 
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be associated with reading comprehension abilities in children with NF1 (Mazzocco et al., 1995) 

and this should be explored further in future research. 

 Prior literature in children with NF1 suggests that the impact of domain-specific abilities 

(e.g., phonological abilities) for reading disorders is unclear due to mixed findings across past 

studies (Orraca-Castillo et al., 2014; Watt et al., 2008). Watt and colleagues (2008) found that 

50% of children with NF1 met criteria for phonological dyslexia while 13% were classified as 

mixed dyslexia. However, Orraca-Castillo and colleagues (2014) found that 13% of children 

with NF1 met criteria for surface dyslexia and 21% met criteria for mixed dyslexia. Additionally, 

6% of children with NF1 met criteria for surface dyslexia in addition to developmental 

dyscalculia and 9% of children with NF1 met for mixed dyslexia in addition to developmental 

dyscalculia. The findings of the current study indicate that phonological processing, a domain-

specific ability, is an important predictor of later reading abilities, consistent with past studies 

indicating challenges with phonological awareness abilities in children with NF1 (e.g., Cutting et 

al., 2000; Mazzocco et al., 1995). Domain-general abilities such as intellectual functioning, 

language and working memory may not be as important for predicting reading abilities since the 

addition of these variables did not typically add significantly to the prediction above 

phonological processing abilities. 

Mathematical Abilities Findings in Relation to Previous Literature 

Participants who were assessed in the late school age years had mean performance in the 

average range on math calculations and math problem solving tasks which is consistent with 

prior research suggesting that math abilities are in the low average to average range (e.g., Cutting 

et al., 2000; De Winter et al., 1999; Hyman et al., 2005; Mazzocco et al., 1995). In the current 

study, performance on late school age math calculations and math problem solving suggested 
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abilities were below the normative mean. This is consistent with the prior research in children 

with NF1 that suggests that math performance is poorer in children with NF1 compared to 

unaffected siblings and controls (e.g., Billingsley et al., 2003; Dilts et al., 1996; Mazzocco et al., 

1995). The rates of math difficulties in past academic literature for children with NF1 

(approximately 20-40%; De Winter et al., 1999; Hyman et al., 2005; North et al., 1994; North et 

al., 1995) were fairly comparable to the findings of this study (30-35%). 

When assessing the concurrent relations between late school age neuropsychological 

variables and late school age math performance, the results suggested that neuropsychological 

variables of intellectual functioning, performance-based attention, performance-based working 

memory, and visuospatial abilities were associated with math abilities, generally as 

hypothesized. However, the visuospatial variable (DAS-II PC) was not related to math problem 

solving which was contrary to our predictions. The finding that there is a relation between 

intelligence and math abilities is consistent with prior research (e.g., Janke et al., 2014). The role 

of attention observed in this study is also consistent with past findings examining children with 

NF1; children with NF1 and ADHD had worse math abilities than children with NF1 alone 

suggesting that attention has some impact on academic performance in this population (Barton 

and North, 2007; Pride et al., 2012). The associations found between working memory and visual 

spatial skills and math abilities are also consistent with prior studies in children with NF1. For 

example, Janke and colleagues (2014) found that parent reported working memory was 

associated with math calculations in children with NF1. Additionally, Mazzocco and colleagues 

(1995) found that visual spatial abilities were associated with math problem solving in children 

with NF1. Notably, Mazzocco and colleagues (1995) did not find that visual spatial abilities were 
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associated with math calculations; however, this may be due to the different visual spatial task 

used in that study (Judgment of Line Orientation). 

Pre-math abilities in this study were in the average range which was consistent with prior 

findings using a substantially overlapping sample of participants suggesting that pre-math 

abilities are in the average range for young children with NF1 (Janke, 2013). However, is notable 

that foundational number knowledge showed difficulty in comparison to the normative mean 

even though performance was in the average range for young children with NF1 (Janke, 2013). 

We assessed the relation between pre-math ability in the early school age years and late school 

age mathematics performance. Early school age pre-math ability was associated with late school 

age math calculations and math problem solving abilities as predicted. This is consistent with the 

literature that finds that foundational number knowledge in young children is associated with 

later math abilities in typically developing children (e.g., De Smedt et al., 2013). Notably, the 

current study did not seek to examine the difference in association between symbolic number 

skills and non-symbolic skills and later math abilities which may be a beneficial area of 

investigation for future research.  

 Early school age intellectual functioning, performance-based attention (DAS-II DF), 

performance-based working memory, and certain visuospatial abilities (DAS-II PC) were 

associated with late school age math problem solving and math calculations. The association 

between early intellectual functioning (e.g., Geary, 2011), working memory (e.g., Toll et al., 

2016), attention (e.g., Becker et al., 2018), and visual spatial abilities (e.g., Peng et al., 2016) and 

later math abilities are consistent with the relations found in prior literature with typically 

developing children.  
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There is only a single known study in children with NF1 that examines the domain-

specific abilities in relation to math fluency concurrently (Orraca-Castillo et al., 2014). Children 

with NF1 had poor math fluency abilities, but spared domain-specific abilities (enumeration and 

magnitude comparison), which suggests that domain-specific abilities may not be the most 

important for math abilities in children with NF1. This is in line with the findings of this study 

that working memory, a domain-general predictor, was the most significant predictor of later 

math calculations and that pre-mathematical abilities did not add significantly to the prediction. 

For math problem solving, working memory continued to be the most important predictor while 

pre-mathematical abilities did significantly add to the prediction. Thus, it appears that domain-

specific abilities may play a greater role in math problem solving abilities in children with NF1 

even though domain-general abilities may be a more significant predictor; however, further 

examination is needed.   

Exploratory Analyses 

When multiple regression was used to predict each academic task from the three highest 

correlated pre-academic/neuropsychological variables, models predicting word reading, 

pseudoword decoding, math calculations, and math problem solving accounted for reasonable 

amounts of variance, but the predictors were not significantly associated with reading 

comprehension. Notably, the violation of the assumption of homoscedasticity for the hierarchical 

multiple regression analyses does suggest these findings should be interpreted with caution. 

Problems with homoscedasticity may be related to small sample size or it may be a real 

limitation of the hierarchical multiple regression findings. Canonical correlation results suggest 

that there are associations between select early school age and late school age pre-academic 

and/or neuropsychological variables and late school age academic performance. Across the 
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several canonical correlations, all academic tasks except for reading comprehension tended to 

contribute highly to the academic dimension. Additionally, intellectual functioning, 

performance-based working memory, phonological processing, and pre-math abilities emerged 

as strong contributors to the neuropsychological dimension. Notably, the canonical correlations 

generally had higher values which may indicate that significant individual differences exist in the 

relations between the pre-academic and neuropsychological variables to the academic variables. 

Therefore, it is possible that Spearman correlations which are group-oriented relations may be 

underestimating associations. The aformentioned methods have not been used previously in the 

NF1 literature to predict academic functioning. Therefore, these analyses should be replicated in 

future studies. 

Discussion of Concurrent and Longitudinal Predictors of Academic Functioning in 

Children with NF1 

 Overall, late school age intellectual functioning emerged as an important concurrent 

predictor of math and reading performance as it typically had either the highest or second highest 

effect size relative to other neuropsychological variables (attention, working memory, visual 

spatial, oral language). This finding is consistent with past findings of the association between 

intellectual functioning and academic performance in children with NF1 (e.g., Janke et al., 

2014). Even in early childhood, some pre-academic variables (i.e., foundational number 

knowledge and phonological processing) are associated with intellectual functioning in children 

with NF1 (Janke, 2013), and this association between pre-academic/academic variables and 

intellectual functioning appears to continue to be relevant as children with NF1 develop.  

At the early school age timepoint, working memory appeared to be a particularly 

important variable in relation to both late school age reading and math abilities. The effect sizes 
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for the association between early school age working memory and late school age academic 

variables were consistently the largest among the neuropsychological variables (except for 

reading comprehension). This is notable given the prior research that suggests that working 

memory is an area of weakness in NF1 (e.g., Payne et al., 2011). In particular, young children 

with NF1 show poorer working memory when compared to their normative peers based on 

parent and teacher report (Casnar & Klein-Tasman, 2017). However, parent reported working 

memory was not associated with late school age academic functioning in this study. Thus, it may 

be important moving forward to assess for associations with later academic functioning using 

early school age performance-based measures of working memory instead of (or in addition to) 

parent reported measures of working memory. 

Limitations and Future Directions 

While there are many strengths and innovations of this study related to its longitudinal 

design and the novelty of some of the analytic approaches used, there are also study limitations 

which should be acknowledged. First, the sample size is quite small. Participant attrition is a one 

of the greatest difficulties with longitudinal analyses and more than 50% of children who were 

seen during the early school age time point did not return for the late school age time point. 

Notably, children who did not return for the late school age time point had poorer pre-academic 

functioning compared to those who did return on several tasks. Therefore, the findings should be 

considered preliminary and further research is needed to replicate results as the sample may not 

fully represent those with greater difficulties. Additionally, children were only included in this 

study if they had complete sets of the pre-academic measures. Notably, two of the three pre-

academic measures used in this study are not available for children under the age of 5, which 

further decreased the sample size. Due to the preliminary nature of this investigation and the 
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small sample size, analyses are presented with and without correction. Notably, it appeared that 

the sample size provided for adequate power for analyses with a large effect size, as many 

medium effect sizes were either not significant or did not survive FDR correction. While FDR 

correction helps to correct for type I error that may be present due to the high number of analyses 

run, it is important not to discount those significant findings that did not survive correction 

without future analysis using a larger sample size. Additionally, due to the small number of 

participants seen at both visits, analyses erred on the side of leaving in potential outliers 

especially when it was unclear if the data points would be considered outliers if we had a larger 

sample. Finally, while the regression analyses were exploratory in nature, it is important to note 

that the assumption of homoscedasticity was violated for all hierarchical multiple regression 

analyses. This should be taken into account when interpreting these findings. Issues with 

homoscedasticity may have been related to the small sample size. 

Another limitation in this study is the lack of an unaffected comparison group. Due to the 

novel nature of the associations between early school age pre-academic and neuropsychological 

variables and late school age academic functioning, hypothesized predictors were based on 

findings for typically developing children. While many of the associations established were as 

hypothesized, an unaffected comparison group would help to clarify how the relations between 

the early school age pre-academic and neuropsychological variables and late school age 

academic functioning may be the same or different from typically developing children. Since 

some of the assessment measures utilized are not commonly found in the typically developing 

academic literature (e.g., DAS-II), without an unaffected comparison group, it is unclear if the 

construct may not be an appropriate predictor of academic functioning or whether the assessment 

measure itself may be a poor predictor of academic functioning. Additionally, it would be 
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beneficial to examine if there are associations found between pre-academic/neuropsychological 

variables and academic functioning in children with NF1 that are not generally found in typically 

developing children.  

 Further, it can be difficult to make comparisons to past literature due to the variability in 

pre-academic and academic variables in the literature. The DAS-II pre-academic variables that 

were used in this study appear to be seldom used in both the typically developing as well as the 

NF1 literature. Academic variables across the typically developing and NF1 academic literature 

also vary; however, the WIAT academic performance variables were more often found in the 

NF1 and typically developing literature. In future studies, it would be beneficial to examine a 

wider range of pre-academic (e.g., Comprehensive Test of Phonological Processing) and 

academic variables (e.g., Woodcock-Johnson Tests of Achievement, Wide Range Achievement 

Test) to assess whether differences may exist depending on the assessment measure used.  

 Given the association between working memory variables in the early school age and 

later academic functioning, it is a limitation of this study that additional EF-related tasks were 

not assessed. In particular, it may be helpful to analyze additional working memory as well as 

selective attention abilities which are thought to develop in the preschool years (Welsh et al., 

2013). However, it is important to note that there are several critical developmental windows for 

EF development which occur later in childhood and adolescence (Welsh et al., 2013) so the 

association between EF and academic functioning may be more important later in child 

development. Further research is needed to be investigate the importance of EF in predicting 

academic functioning at different ages in children with NF1. It should be noted that assessment 

of EF tasks in the early childhood can be challenging. There is a wide variability of EF 
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performance for young children and there continue to be a limited number of tasks that are 

available to assess EF for younger children, many of which are more experimental in nature.  

Implications for Clinical Practice 

The implications for clinical practice are notable due to the high prevalence of learning 

problems in children with NF1. These findings suggest it is important to assess for pre-academic 

and neuropsychological variables in young children with NF1 as it appears that these are valid 

indicators of vulnerability to later learning problems in children with NF1. Furthermore, early 

assessment of these abilities allows for earlier intervention for children with NF1. This may be 

particularly important because support for neuropsychological abilities (e.g., attention, working 

memory) that may impact academic performance may have implications for school performance 

in general. For example, difficulties with attention are likely to impact a children’s ability to 

learn but there are behavioral and medication intervention strategies which can support attention 

as well as overall learning.  

The findings of this study suggest that there is a similarity of the relations between early 

pre-academic and neuropsychological variables and later academic abilities in children with NF1 

with the typically developing population. This is particularly important as it suggests that 

academic interventions used in typically developing populations would likely also be beneficial 

in children with NF1. This is further supported by studies that have shown the efficacy of 

mainstream reading interventions in children with NF1 (Arnold et al., 2016; Barquero et al., 

2015). Arnold et al. (2016) found that use of a phonics-based training program in children with 

NF1 was effective for improving reading and reading-related abilities. Notably, the greatest 

improvements were made in older children and those with stronger verbal working memory. 

Barquero et al. (2015) examined the effectiveness of two reading interventions training children 
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in sound-symbol correspondences and phonological awareness with either greater kinesthetic or 

visual spatial demands and showed that children with NF1 and reading deficits responded better 

to the kinesthetic intervention. Notably, children with an idiopathic reading deficit responded 

similarly to both interventions. The findings of both studies suggest that phonics and kinesthetic 

based approaches to reading intervention may be particularly important for teaching reading in 

children with NF1. Based on the findings of this study that there is a strong association between 

early school age phonological abilities and later reading abilities, phonics-based reading 

interventions are strongly recommended for children with NF1. Further research to assess 

usefulness of interventions used in the typically developing populations for children with NF1 is 

warranted especially for academic domains other than reading. 

In summary, this study aimed to assess the associations between neuropsychological 

variables and academic functioning concurrently, to replicate past findings in the NF1 literature 

with older children, as well as to add to the literature by investigating relations for academic 

functioning with preacademic functioning and neuropsychological variables (both individually 

and collectively) in early school age children with NF1 for the first time. Results indicated that 

math and reading-related abilities in late school age children with NF1 are associated with both 

concurrent and earlier neuropsychological variables that tend to show similar patterns with 

variables although the strength of those associations vary some based on whether they are 

concurrent or longitudinal relations. Early school age intellectual functioning, language, 

phonological processing, and working memory as well as concurrent intellectual functioning, 

attention, and language were most associated with late school age reading ability. Early school 

age intellectual functioning, attention, working memory, pre-math and visual spatial abilities in 

addition to concurrent intellectual functioning, attention, working memory, and visual spatial 
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abilities were most associated with late school age math performance. During the later school 

years, intellectual functioning appears to be a particularly important concurrent predictor of 

academic performance in children with NF1. During the early school years, phonological 

processing and performance-based working memory abilities appeared to be particularly 

important predictors of late school age academic functioning. Notably, early school age domain 

general abilities (performance based working memory) appear to be important for late school age 

math abilities in children with NF1. However, early school age domain specific abilities 

(phonological processing) appear to be more important for late school age reading abilities. This 

study suggests that there is merit in assessing for early pre-academic and neuropsychological 

variables in early school age children with NF1 to aid in determining which children may be at 

risk for later academic difficulties. Furthermore, similar relations between early school age pre-

academic and early school age and concurrent neuropsychological variables with late school age 

academic functioning in children with NF1 as is seen in the typically developing population 

suggests that intervention strategies used in typically developing populations are likely to also be 

appropriate for children with NF1. 

 

  



 

64 

 

References 

Allan, D. M., Allan, N. P., Lonigan, C. J., Hume, L. E., Farrington, A. L., & Vinco, M. H. 

(2018). The influence of multiple informants’ ratings of inattention on preschoolers’ 

emergent literacy skills growth. Learning and Individual Differences, 65, 90–99. 

https://doi.org/10.1016/j.lindif.2018.05.014 

Alloway, T. P., & Alloway, R. G. (2010). Investigating the predictive roles of working memory 

and IQ in academic attainment. Journal of Experimental Child Psychology, 106(1), 20–

29. https://doi.org/10.1016/j.jecp.2009.11.003 

Arnold, S. S., Barton, B., McArthur, G., North, K. N., & Payne, J. M. (2016). Phonics training 

improves reading in children with neurofibromatosis type 1: A prospective intervention 

trial. The Journal of Pediatrics, 177, 219–226.e2. 

https://doi.org/10.1016/j.jpeds.2016.06.037 

Arnold, S. S., Payne, J. M., Lorenzo, J., North, K. N., & Barton, B. (2018). Preliteracy 

impairments in children with neurofibromatosis type 1. Developmental Medicine & Child 

Neurology, 60(7), 703–710. https://doi.org/10.1111/dmcn.13768 

Barton, B., & North, K. (2004). Social skills of children with neurofibromatosis 

type 1. Developmental Medicine & Child Neurology, 46(8), 553–

563. https://doi.org/10.1111/j.1469-8749.2004.tb01014.x 

Barton, B., & North, K. (2007). The self-concept of children and adolescents with 

neurofibromatosis type 1. Child: Care, Health and Development, 33(4), 401–408. 

https://doi.org/10.1111/j.1365-2214.2006.00717.x 

Barquero, L. A., Sefcik, A. M., Cutting, L. E., & Rimrodt, S. L. (2015). Teaching reading to 

children with neurofibromatosis type 1: A clinical trial with random assignment to 



 

65 

 

different approaches. Developmental Medicine & Child Neurology, 57(12), 1150–1158. 

https://doi.org/10.1111/dmcn.12769 

Becker, S. P., Burns, G. L., Leopold, D. R., Olson, R. K., & Wilcutt, E. G. (2018). Differential 

impact of trait sluggish cognitive tempo and ADHD inattention in early childhood on 

adolescent functioning. The Journal of Child Psychology and Psychiatry, 59(10), 1094–

1104. https://doi.org/10.1111/jcpp.12946 

Benjamini, Y., & Hochberg, Y. (1995). Controlling the false discovery rate: A practical and 

powerful approach to multiple testing. Journal of the Royal Statistical Society: Series B 

(Methodological), 57(1), 291–300. https://doi.org/10.1111/j.2517-6161.1995.tb02031.x 

Best, J. R., Miller, P. H., & Naglieri, J. A. (2011). Relations between executive function and 

academic achievement from ages 5 to 17 in a large representative national sample. 

Learning and Individual Differences, 21(4), 327–336. 

https://doi.org/10.1016/j.lindif.2011.01.007 

Billingsley, R. L., Schrimsher, G. W., Jackson, E. F., Slopis, J. M., Moore, B. D., III. (2002). 

Significance of planum temporale and planum parietale morphologic features in 

neurofibromatosis type 1. Archives of Neurology, 59(4), 616–622. 

https://doi.org/10.1001/archneur.59.4.616 

Billingsley, R. L., Slopis, J. M., Swank, P. R., Jackson, E. F., & Moore, B. D., III. (2003). 

Cortical morphology associated with language function in neurofibromatosis, type 1. 

Brain and Language, 85(1), 125–139. https://doi.org/10.1016/S0093-934X(02)00563-1 

Billingsley, R. L., Jackson, E. F., Slopis, J. M., Swank, P. R., Mahankali, S., & Moore, B. D. 

(2004). Functional MRI of visual-spatial processing in neurofibromatosis, type 1. 



 

66 

 

Neuropsychologia, 42(3), 395–404. 

https://doi.org/10.1016/j.neuropsychologia.2003.07.008 

Blair, C., & Razza, R. P. (2007). Relating effortful control, executive function, and false belief 

understanding to emerging math and literacy ability in Kindergarten. Child Development, 

78(2), 647–663. https://doi.org/10.1111/j.1467-8624.2007.01019.x 

Breaux, K. C. (2009). Wechsler Individual Achievement Test–3rd Edition: Technical manual. 

Pearson. 

Brei, N. G., Klein-Tasman, B. P., Schwarz, G. N., & Casnar, C. L. (2014). Language in young 

children with neurofibromatosis-1: Relations to functional communication, attention, and 

social functioning. Research in Developmental Disabilities, 35(10), 2495–2504. 

https://doi.org/10.1016/j.ridd.2014.06.016 

Breslau, J., Miller, E., Breslau, N., Bohnert, K., Lucia, V., & Schweitzer, J. (2009). The impact 

of early behavior disturbances on academic achievement in high school. Pediatrics, 

123(6), 1472–1476. https://doi.org/10.1542/peds.2008-1406 

Brewer, V. R., Moore, B. D., III, & Hiscock, M. (1997). Learning disability subtypes in children 

with neurofibromatosis. Journal of Learning Disabilities, 30(5), 521–533. 

https://doi.org/10.1177/002221949703000508 

Brunswick, N., Martin, G. N., & Ripon, G. (2012). Early cognitive profiles of emergent readers: 

A longitudinal study. Journal of Experimental Child Psychology, 111(2), 268–285. 

https://doi.org/10.1016/j.jecp.2011.08.001 

Casnar, C. L., Janke, K. M., van der Fluit, F., Brei, N. G., & Klein-Tasman, B. P. (2014). 

Relations between fine motor skill and parental report of attention in young children with 



 

67 

 

neurofibromatosis type 1. Journal of Clinical and Experimental Neuropsychology, 36(9), 

930–943. https://doi.org/10.1080/13803395.2014.957166 

Casnar, C. L., & Klein-Tasman, B. P. (2017). Parent and teacher perspectives on emerging 

executive functioning in preschoolers with neurofibromatosis type 1: Comparison to 

unaffected children and lab-based measures. Journal of Pediatric Psychology, 42(2), 

198–207. https://doi.org/10.1093/jpepsy/jsw042 

Catts, H. W., Nielsen, D. C., Bridges, M. S., & Liu, Y.-S. (2016). Early identification of reading 

comprehension difficulties. Journal of Learning Disabilities, 49(5), 451–465. 

https://doi.org/10.1177/0022219414556121 

Chaix, Y., Lauwers-Cancès, V., Faure-Marie, N., Gentil, C., Lelong, S., Schweitzer, E., 

Rodriguez, D., Iannuzzi, S., Kemlin, I., Dorison, N., Rivier, F., Carniero, M., Preclaire, 

E., Barbarot, S., Lion-François, L., & Castelnau, P. (2018). Deficit in phonological 

processes: A characteristic of the neuropsychological profile of children with NF1. Child 

Neuropsychology, 24(4), 558–574. https://doi.org/10.1080/09297049.2017.1313970 

Champion, J. A., Rose, K. J., Payne, J. M., Burns, J., & North, K. N. (2014). Relationship 

between cognitive dysfunction, gait, and motor impairment in children and adolescents 

with neurofibromatosis type 1. Developmental Medicine & Child Neurology, 56(5), 468–

474. https://doi.org/10.1111/dmcn.12361 

Chu, F. W., van Marle, K., Geary, D. C. (2016). Predicting children’s reading and mathematics 

achievement from early quantitative knowledge and domain-general cognitive abilities. 

Frontiers in Psychology, 7, Article 775. https://doi.org/10.3389/fpsyg.2016.00775 



 

68 

 

Cirino, P. T., Child, A. E., Macdonald, K. T. (2018). Longitudinal predictors of the overlap 

between reading and math skills. Contemporary Educational Psychology, 54, 99–111. 

https://doi.org/10.1016/j.cedpsych.2018.06.002 

Clements-Stephens, A. M., Rimrodt, S. L., Gaur, P., & Cutting, L. E. (2008). Visuospatial 

processing in children with neurofibromatosis type 1. Neuropsychologia, 46(2), 690–697. 

https://doi.org/10.1016/j.neuropsychologia.2007.09.013 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence 

Erlbaum. 

Conners, C. K. (1997). Conners’ Rating Scales – Revised: Technical Manual. Multi-health 

Systems, Inc. 

Conners, C. K. (2008). Conners’ manual (3rd ed.). Multi-Health Systems Inc. 

Cooper, D. H., Roth, F. P., Speece, D. L., & Schatschneider, C. (2002). The contribution of oral 

language skills to the development of phonological awareness. Applied Psycholinguistics, 

23, 399–416. https://doi.org/ 10.1017.S0142716402003053 

Coudé, F. X., Mignot, C., Lyonnet, S., & Munnich, A. (2006). Academic impairment is the most 

frequent complication of neurofibromatosis type-1 (NF1) in children. Behavior Genetics, 

36(5), 660–664. https://doi.org/10.1007/s10519-005-9040-9 

Coutinho, V., Kemlin, I., Dorison, N., Billette de Villemeur, T., Rodriguez, D., & Dellatolas, G. 

(2016). Neuropsychological evaluation and parental assessment of behavioral and motor 

difficulties in children with neurofibromatosis type 1. Research in Developmental 

Disabilities, 48, 220–230. https://doi.org/10.1016/j.ridd.2015.11.010 

Cronin, V. S. (2013). RAN and double-deficit theory. Journal of Learning Disabilities, 46(2), 

182–190. https://doi.org/10.1177/0022219411413544 



 

69 

 

Cutting, L. E., Koth, C. W., & Denckla, M. B. (2000). How children with neurofibromatosis type 

1 differ from" typical" learning disabled clinic attenders: Nonverbal learning disabilities 

revisited. Developmental Neuropsychology, 17(1), 29–47. 

https://doi.org/10.1207/S15326942DN1701_02 

Cutting, L. E., & Levine, T. M. (2010). Cognitive profile of children with neurofibromatosis and 

reading disabilities. Child Neuropsychology, 16(5), 417–432. 

https://doi.org/10.1080/09297041003761985 

Dally, K. (2006). The influence of phonological processing and inattentive behavior on reading 

acquisition. Journal of Educational Psychology, 98(2), 420–437. 

https://doi.org/10.1037/0022-0663.98.2.420 

De Winter, A. E., Moore, B. D., III, Slopis, J. M., Ater, J. L., & Copeland, D. R. (1999). Brain 

tumors in children with neurofibromatosis: Additional neuropsychological morbidity? 

Neuro-oncology, 1(4), 275–281. https://doi.org/10.1093/neuonc/1.4.275 

De Smedt, B. D., Noël, M.-P., Gilmore, C., Ansari, D. (2013). How do symbolic and non-

symbolic numerical magnitude processing skills related to individual differences in 

children’s mathematical skills? A review of evidence from brain and behavior. Trends in 

Neuroscience and Education, 2(2), 48–55. https://doi.org/10.1016/j.tine.2013.06.001  

Deary, I. J., Strand, S., Smith, P., Fernandes, C. (2007). Intelligence and educational 

achievement. Intelligence, 35(1), 13–21. https://doi.org/10.1016/j.intell.2006.02.001 

Descheemaeker, M.-J., Ghesquière, P., Symons, H., Fryns, J. P., & Legius, E. (2005). 

Behavioural, academic and neuropsychological profile of normally gifted 

neurofibromatosis type 1 children. Journal of Intellectual Disability Research, 49(1), 33–

46. https://doi.org/10.1111/j.1365-2788.2005.00660.x 



 

70 

 

Dilts, C. V., Carey, J. C., Kircher, J. C., Hoffman, R. O., Creel, D., Ward, K., Clark, E., & 

Leonard, C. O. (1996). Children and adolescents with neurofibromatosis 1: A behavioral 

phenotype. Journal of Developmental and Behavioral Pediatrics, 17(4), 229–239. 

https://doi.org/10.1097/00004703-199608000-00004 

Dittman, C. K. (2013). The impact of early classroom inattention on phonological processing and 

word-reading development. Journal of Attention Disorders, 20(8), 653–664. 

https://doi.org/10.1177/1087054713478979 

Duff, F. J., Reen, G., Plunkett, K., & Nation, K. (2015). Do infant vocabulary skills predict 

school-age language and literacy outcomes. Journal of Child Psychology and Psychiatry, 

56(8), 848–856.  https://doi.org/10.1111/jcpp.12378 

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, A. C., Klebanov, P., Pagani, 

L. S., Feinstein, L., Engel, M., Brooks-Gunn, J., Sexton, H., Duckworth, K., Japel, C. 

(2007). School readiness and later achievement. Developmental Psychology, 43(6), 

1428–1446. https://doi.org/10.1037/0012-1649.43.6.1428 

Elliot, C. D. (1990). Differential Ability Scales. Introductory and technical handbook. The 

Psychological Corporation. 

Evans, D. G., Howard, E., Giblin, C. Clancy, T., Spencer, H., Huson, S. M., & Lalloo, F. (2010) 

Birth incidence and prevalence of tumor-prone syndromes: Estimates from a UK family 

genetic register service. American Journal of Medical Genetics Part A, 152A(2), 327–

332. https://doi.org/10.1002/ajmg.a.33139 

Ferrer, E., Shaywitz, B. A., Holahan, J. M., Marchione, K. E., Michaels, R., & Shaywitz, S. E. 

(2015). Achievement gap in reading is present as early as first grade and persists through 



 

71 

 

adolescence. The Journal of Pediatrics, 167(5), 1121–1125. 

https://doi.org/10.1016/j.jpeds.2015.07.045 

Fuchs, L. S., Geary, D. C., Fuchs, D., Compton, D. L. & Hamlett, C. L. (2016). Pathways to 

third-grade calculation versus word-reading competence: Are they more alike or 

different? Child Development, 87(2), 558–567. https://doi.org/10.1111/cdev.12474 

Galasso, C., Lo-Castro, A., Di Carlo, L., Pitzianti, M. B., D’Agati, E., Curatolo, P., & Pasini, A. 

(2014). Panning deficit in children with neurofibromatosis type 1: A neurocognitive trait 

independent from attention-deficit hyperactivity disorder (ADHD)? Journal of Child 

Neurology, 29(10), 1320–1326. https://doi.org/10.1177/0883073813517001 

Geary, D. C. (2011). Cognitive predictors of achievement growth in mathematics: A five year 

longitudinal study. Developmental Psychology, 47(6), 1539–1552. 

https:doi.org//10.1037/a0025510 

Gilboa, Y., Rosenblum, S., Fattal-Valevski, A., Toledano-Alhadef, H., & Josman, N. (2014) Is 

there a relationship between executive functions and academic success in children with 

neurofibromatosis type 1? Neuropsychological Rehabilitation, 24(6), 918–935. 

https://doi.org/10.1080/09602011.2014.920262 

Gioia, G. A., Espy, K. A., & Isquith, P. K. (2003). Behavior Rating Inventory of Executive 

Function, Preschool Version: Professional manual. Psychological Assessment 

Resources, Inc. 

Gioia, G. A., Isquith, P. K., Guy, S. C. & Kenworthy, L. (2000). Behavior Rating Inventory of 

Executive Function: Professional Manual. Psychological Assessment Resources, Inc. 



 

72 

 

Granström, S., Friedrich, R. E., Langenbruch, A. K., Augustin, M., & Mautner, V. F. (2014). 

Influence of learning disabilities on the tumour predisposition syndrome NF1 – Survey 

from adult patients' perspective. Anticancer Research, 34(7), 3675–3681. 

Gutmann, D. H., Ferner, R. E., Listernick, R. H., Korf, B. R., Wolters, P. L., & Johnson, K. J. 

(2017). Neurofibromatosis type 1. Nature Review Disease Primers, 3, Article 17004. 

https://doi.org/10.1038/nrdp.2017.4 

Hayiou-Thomas, M. E., Harlaar, N., Dale, P. S., & Plomin, R. (2010). Preschool speech, 

language skills, and reading at 7, 9, and 10 years: Etiology of the relationship. Journal of 

Speech, Language, and Hearing Research, 53(2), 311–332. https://doi.org/10.1044/1092-

4388(2009/07-0145) 

Hirbe, A. C., & Gutmann, D. H. (2014). Neurofibromatosis type 1: A multidisciplinary approach 

to care. The Lancet. Neurology, 13(8), 834–843. https://doi.org/10.1016/S1474-

4422(14)70063-8 

Hofman, K. J., Harris, E. L., Bryan, R. N., & Denckla, M. B. (1994). Neurofibromatosis type 1: 

The cognitive phenotype. The Journal of Pediatrics, 124(4), S1–S8. 

https://doi.org/10.1016/S0022-3476(05)83163-4 

Hollingshead, A. A. (1975). Four-factor index of social status. Unpublished manuscript. Yale 

University. 

Horbach, J., Weber, K., Opolony, F., Scharke, W., Radach, R., Heim, S. & Günther, T. (2018). 

Performance in sound-symbol learning predicts reading performance 3 years later. 

Frontiers in Psychology, 9, Article 1716. https://doi.org/10.3389/fgsyg.2018.01716 



 

73 

 

Hyman, S. L., Shores, A., & North, K. N. (2005). The nature and frequency of cognitive deficits 

in children with neurofibromatosis type 1. Neurology, 65(7), 1037–1044. 

https://doi.org/10.1212/01.wnl.0000179303.72345.ce  

Hyman, S. L., Shores, E. A., & North, K. N. (2006). Learning disabilities in children with 

neurofibromatosis type 1: Subtypes, cognitive profile, and attention-deficit-hyperactivity 

disorder. Developmental Medicine & Child Neurology, 48(12), 973–977. 

https://doi.org/10.1111/j.1469-8749.2006.tb01268.x 

Janke, K. M. (2013). Early indicators of academic difficulties in children with neurofibromatosis 

type 1 (Publication No. 288) [ Doctoral dissertation, University of Wisconsin-

Milwaukee]. UWM Digital Commons. https://dc.uwm.edu/etd/288/  

Janke, K. M., Klein-Tasman, B. P., Garwood, M. M., Davies, W. H., Trapane, P., & Holman, K. 

S. (2014). Relations between executive functioning and academic performance in 

adolescents with neurofibromatosis-1. Journal of Developmental and Physical 

Disabilities, 26(4), 431–450. https://doi.org/10.1007/s10882-014-9375-3 

Kallionpää, R. A., Uusitalo, E., Leppävirta, J., Pöyhönen, M., Peltonen, S., & Peltonen, J. 

(2018). Prevalence of neurofibromatosis in type 1 in the Finnish population. Genetics in 

Medicine, 20(9), 1082–1086. https://doi.org/10.1038/gim.2017.215 

Kaufman, J., Birmaher, B., Brent, D., Rao, U., & Ryan, N. (1996). Kiddie-Sads-Present and 

Lifetime Version. University of Pittsburgh School of Medicine, Department of Psychiatry. 

Kaufman, J., Birmaher, B., Brent, D., Rao, U., Flynn, C., Moreci, P., Williamson, D., & Ryan, 

N. (1997). Schedule for Affective Disorders and Schizophrenia for School-Age Children-

Present and Lifetime Version (K-SADS-PL): Initial reliability and validity data. Journal 



 

74 

 

of the American Academy of Child and Adolescent Psychiatry, 36(7), 980–988. 

https://doi.org/10.1097/00004583-199707000-00021 

Klein-Tasman, B. P., Janke, K. M., Luo, W., Casnar, C. L., Hunter, S. J., Tonsgard, J., Trapane, 

P., van der Fluit, F., & Kais, L. A. (2014). Cognitive and psychosocial phenotype of 

young children with neurofibromatosis-1. Journal of the International 

Neuropsychological Society, 20(1), 88–98. https://doi.org/10.1017/S1355617713001227 

Korkman, M., Kirk, U., & Kemps, S. (1998). NEPSY: A Developmental Neuropsychological 

Assessment. The Psychological Corporation. 

Krab, L. C., Aarsen, F. K., de Goede-Bolder, A., Catsman-Berrevoets, C. E., Arts, W. F., Moll, 

H. A., & Elgersma, Y. (2008). Impact of neurofibromatosis type 1 on school 

performance. Journal of Child Neurology, 23(9), 1002–1010. 

https://doi.org/10.1177/0883073808316366 

Lammert, M., Friedman, J. M., Kluwe, L., & Mautner, V. F. (2005). Prevalence of 

neurofibromatosis 1 in German children at elementary school enrollment. Archives of 

Dermatology, 141(1), 71–74. https://doi.org/10.1001/archderm.141.1.71 

Lehtonen, A., Howie, E., Trump, D., & Huson, S. M. (2013). Behaviour in children with 

neurofibromatosis type 1: Cognition, executive function, attention, emotion, and social 

competence. Developmental Medicine & Child Neurology, 55(2), 111–125. 

https://doi.org/10.1111/j.1469-8749.2012.04399.x 

Lonigan, C. J., Burgess, S. R., & Anthony, J. L. (2000). Development of emergent literacy and 

early reading skills in preschool children: Evidence from a latent-variable longitudinal 

study. Developmental Psychology, 36(5), 595–613. https://doi.org/10.1037/0012-

1649.36.5.596 



 

75 

 

Lorenzo, J., Barton, B., Acosta, M. T., & North, K. (2011). Mental, motor, and language 

development of toddlers with neurofibromatosis type 1. The Journal of Pediatrics, 

158(4), 660–665. https://doi.org/10.1016/j.jpeds.2010.10.001 

Lorenzo, J., Barton, B., Arnold, S. S., & North, K. N. (2013). Cognitive features that distinguish 

preschool-age children with neurofibromatosis type 1 from their peers: A matched case-

control study. The Journal of Pediatrics, 163(5), 1479–1483.e1. 

https://doi.org/10.1016/j.jpeds.2013.06.038 

Mautner, V.-F., Kluwe, L., Thakker, S. D., & Leark, R. A. (2002). Treatment of ADHD in 

neurofibromatosis type 1. Development Medicine & Child Neurology, 44(3), 164–

170. https://doi.org/10.1111/j.1469-8749.2002.tb00780.x 

Mazzocco, M. M. M. (2001). Math learning disability and math LD subtypes: Evidence from 

studies of Turner syndrome, fragile X syndrome, and neurofibromatosis type 1. Journal 

of Learning Disabilities, 34(6), 520–533. https://doi.org/10.1177/002221940103400605 

Mazzocco, M. M. M., & Kover, S. T. (2007). A longitudinal assessment of executive function 

skills and their association with math performance. Child Neuropsychology, 13(1), 18–

45. https://doi.org/10.1080/09297040600611346 

Mazzocco, M. M. M., Turner, J. E., Denckla, M. B., Hofman, K. J., Scanlon, D. C., & Vellutino, 

F. R. (1995). Language and reading deficits associated with neurofibromatosis type 1: 

Evidence for a not-so-nonverbal learning disability. Developmental Neuropsychology, 

11(4), 503–522. https://doi.org/10.1080/87565649509540634 

McKeever, K., Shepherd, C. W., Crawford, H., & Morrison, P. J. (2008). An epidemiological, 

clinical and genetic survey of neurofibromatosis type 1 in children under sixteen years of 

age. The Ulster Medical Journal, 77(3), 160–163.  



 

76 

 

Melby-Lervåg, M., Lyster, S.-A. H., & Hulme, C. (2012). Phonological skills and their role in 

learning to read: A meta-analytic review. Psychological Bulletin, 138(2), 322–

352. https://doi.org/10.1037/a0026744 

Merkley, R., & Ansari, D. (2016). Why numerical symbols count in the development of 

mathematical skills: Evidence from brain and behavior. Current Opinion in Behavioral 

Sciences, 10, 14–20. https://doi.org/10.1016/j.cobeha.2016.04.006 

Miller, D. T., Freedenberg, D., Schorry, E., Ullrich, N. J., Viskochil, D., Korf, B. R., & Council 

on Genetics, American College of Medical Genetics and Genomics (2019). Health 

supervision for children with neurofibromatosis type 1. Pediatrics, 143(5), Article 

e20190660. https://doi.org/10/1542/peds.2019-0660 

Moll, K., Snowling, M., Göbel, S. M., Hulme, C. (2015). Early language and executive skills 

predict variations in number and arithmetic skills in children at family-risk of dyslexia 

and typically developing controls. Learning and Instruction, 38, 53–62. 

https://doi.org/10.1016/j.learninstruc.2015.03.004 

Moore, B. D., III, Slopis, J. M., Jackson, E. F., De Winter, A. E., & Leeds, N. E. (2000). Brain 

volume in children with neurofibromatosis type 1: Relation to neuropsychological status. 

Neurology, 54(4), 914–920. https://doi.org/10.1212/WNL.54.4.914 

Morgan, P. L., Farkas, G., & Wu, Q. (2009). Five-year growth trajectories of kindergarten 

children with learning difficulties in mathematics. Journal of Learning Disabilities, 

42(4), 306–321. https://doi.org/10.1177/0022219408331037 

National Early Literacy Panel. (2008). Developing early literacy: Report of the National Early 

Literacy Panel. https://lincs.ed.gov/publications/pdf/NELPReport09.pdf 



 

77 

 

Nevo, E., & Breznitz, Z. (2011). Assessment of working memory components at 6 years of age 

as predictors of reading achievements a year later. Journal of Experimental Child 

Psychology, 109(1), 73–90. https://doi.org/10.1016/j.jecp.2010.09.010 

Nguyen, T., Watts, T. W., Duncan, G. J., Clements, D. H., Sarama, J. S., Wolfe, C., & Spitler, 

M. E. (2016). Which preschool mathematics competencies are most predictive of fifth 

grade achievements? Early Childhood Research Quarterly, 36, 550–560. 

https://doi.org/10.1016/j.ecresq.2016.02.003 

NIH (1988). Neurofibromatosis. Conference statement. National Institutes of Health Consensus 

Development Conference. Archives of Neurology, 45(5), 575–578. 

https://doi.org/10.1001/archneur.1988.00520290115023 

North, K., Joy, P., Yuille, D., Cocks, N., & Hutchins, P. (1995). Cognitive function and 

academic performance in children with neurofibromatosis type 1. Developmental 

Medicine & Child Neurology, 37(5), 427–436. https://doi.org/10.1111/j.1469-

8749.1995.tb12026.x 

North, K., Joy, P., Yuille, D., Cocks, N., Mobbs, E., Hutchins, P., McHugh, K., & de Silva, M. 

(1994). Specific learning disability in children with neurofibromatosis type 1: 

Significance of MRI abnormalities. Neurology, 44(5), 878–883. 

https://doi.org/10.1212/WNL.44.5.878 

Orraca-Castillo, M., Estévez-Pérez, N., & Reigosa-Crespo, V. (2014). Neurocognitive profiles of 

learning disabled children with neurofibromatosis type 1. Frontiers in Human 

Neuroscience, 8, Article 386. https://doi.org/10.3389/fnhum.2014.00386 

Payne, J., M., Hyman, S. L., Shores, E. A., & North, K. N. (2011). Assessment of executive 

function and attention in children with neurofibromatosis type 1: Relationships between 



 

78 

 

cognitive measures and real-world behavior. Child Neuropsychology, 17(4), 313–329. 

https://doi.org/10.1080/09297049.2010.542746 

Peng, P., Fuchs, D., Fuchs, L. S., Elleman, A. M., Kearns, D. M., Gilbert, J. K., Compton, D. L., 

Cho, E., & Patton, S., III. (2019). A longitudinal analysis of trajectories and predictors of 

work reading and reading comprehension development among at-risk readers. Journal of 

Learning Disabilities, 52(3), 195–208. https://doi.org/10.1177/0022219418809080 

Peng, P., Namkung, J. M., Fuchs, D., Fuchs, L. S., Patton, S., Yen, L., Compton, D. L., Zhang, 

W., Miller, A., Hamlett, C. (2016). A longitudinal study on predictors of early calculation 

development among young children at risk for learning difficulties. Journal of 

Experimental Child Psychology, 152, 221–241. 

http://dx.doi.org/10.1016/j.jecp.2016.07.017 

Pike, N. (2011). Using false discovery rates for multiple comparisons in ecology and evolution. 

Methods in Ecology and Evolution, 2(3), 278–282. https://doi.org/10.1111/j.2041-

210X.2010.00061.x 

Plasschaert, E., Van Eylen, L., Descheemaeker, M.-J., Noens, I., Legius, E., Steyaert, J. (2016). 

Executive functioning deficits in children with neurofibromatosis type 1: The influence 

of intellectual and social functioning. American Journal of Medical Genetics Part B: 

Neuropsychiatric Genetics, 171(3), 348–362. https://doi.org/10.1002/ajmg.b.32414 

Pride, N., Payne, J. M., Webster, R., Shores, E. A., Rae, C., & North, K. N. (2010). Corpus 

callosum morphology and its relationship to cognitive function in neurofibromatosis type 

1. Journal of Child Neurology, 25(7), 834–841. 

https://doi.org/10.1177/0883073809350723 



 

79 

 

Pride, N. A., Payne, J. M., & North, K. N. (2012). The impact of ADHD on the cognitive and 

academic functioning of children with NF1. Developmental Neuropsychology, 37(7), 

590–600. https://doi.org/10.1080/87565641.2012.695831 

Purpura, D. J., & Ganley, C. M. (2014). Working memory and language: Skill-specific or 

domain-general relations to mathematics? Journal of Experimental Child Psychology, 

122, 104–121. https://doi.org/10.1016/j.jecp.2013.12.009 

Rabiner, D. L., Godwin, J., Dodge, K. A. (2016). Predicting academic achievement and 

attainment: The contribution of early academic skills, attention difficulties, and social 

competence. School Psychology Review, 45(2), 250–267. 

https://doi.org/10.17105/SPR45-2.250-267 

Raghubar, K. P., & Barnes, M. A. (2017). Early numeracy skills in preschool-aged children: A 

review of neurocognitive findings and implications for assessment and intervention. The 

Clinical Neuropsychologist, 31(2), 329–351. 

https://doi.org/10.1080/13854046.2016.1259387 

Ribner, A. D., Willoughby, M. T., Blair, C. B., & The Family Life Project Key Investigators. 

(2017). Executive function buffers the association between early math and later academic 

skills. Frontiers in Psychology, 8, Article 869. https://doi.org/10.3389/fpsyg.2017.00869 

Rietman, A. B., Oostenbrink, R., Bongers, S., Gaukema, E., van Abeelen, S., Hendriksen, J. G., 

Looman, C. W. N., de Nijs, P. F. A., & de Wit, M.-C. (2017). Motor problems in children 

with neurofibromatosis type 1. Journal of Neurodevelopmental Disorders, 9, Article 19. 

https://doi.org/10.1186/s11689-017-9198-5  



 

80 

 

Romano, E., Babchishin, L., Pagani, L. S., & Kohen, D. (2010). School readiness and later 

achievement: Replication and extension using a nationwide Canadian survey. 

Developmental Psychology, 46(5), 995–1007. https://doi.org/10.1037/a0018880 

Roth, P., Speece, D. L., & Cooper, D. H. (2002). A longitudinal analysis of the connection 

between oral language and early reading. The Journal of Educational research, 95(5), 

259–272. https://doi.org/10.1080/00220670209596600 

Roy, A., Barbarot, S., Roulin, J.-L., Charbonnier, V., Fasotti, L., Stalder, J.-F., & Le Gall, D. 

(2014). Is executive function specifically impaired in children with neurofibromatosis 

type 1? A neuropsychological investigation of cognitive flexibility. Applied 

Neuropsychology: Child, 3(2), 94–102. https://doi.org/10.1080/21622965.2012.704185 

Roy, A., Roulin, J.-L., Charbonnier, V., Allain, P., Fasotti, L., Barbarot, S., Stalder, J.-F., 

Terrien, A., & Le Gall, D. (2010). Executive dysfunction in children with 

neurofibromatosis type 1: A study of action planning. Journal of the International 

Neuropsychological Society, 16(6), 1056–1063. 

https://doi.org/10.1017/S135561771000086X 

Sangster, J., Shores, E. A., Watt, S., & North, K. N. (2010). The cognitive profile of preschool-

aged children with neurofibromatosis type 1. Child Neuropsychology, 17(1), 1–16. 

https://doi.org/10.1080/09297041003761993 

Schneider, M., Beeres, K., Coban, L., Merz, S., Schmidt, S., S., Stricker, J., & De Smedt, B. 

(2017). Association of non-symbolic and symbolic numerical magnitude processing with 

mathematical competence: A meta-analysis. Developmental Science, 20(3), Article 

e12372. https://doi.org/10.1111/desc.12372 



 

81 

 

Soto-Calvo, E., Simmons, F. R., Willis, C., & Adams., A.-M. (2015). Identifying the cognitive 

predictors of early counting and calculation skills: Evidence from a longitudinal study. 

Journal of Experimental Child Psychology, 140, 1637. 

https://doi.org/10.1016/j.jecp.2015.06.011 

Soucy, E. A., Gao, F., Gutmann, D. H., & Dunn, C., M. (2012). Developmental delays in 

children with neurofibromatosis type 1. Journal of Child Neurology, 27(5), 641–644. 

https://doi.org/10.1177/0883073811423974 

Thompson, H. L., Viskochil, D. H., Stevenson, D. A., & Chapman, K. L. (2010). Speech–

language characteristics of children with neurofibromatosis type 1. American Journal of 

Medical Genetics Part A, 152A(2), 284–290. https://doi.org/10.1002/ajmg.a.33235 

Toll, S. W. M., Kroesbergen, E. H., & Van Luit, E. E. H. (2016). Visual working memory and 

number sense: Testing the double deficit hypothesis in mathematics. British Journal of 

Educational Psychology, 86(3), 429–445. https://doi.org/10.1111/bjep.12116 

Toll, S. W. M., Van der Ven, S. H. G., Kroesbergen, E. H., & Van Luit, J., E. H. (2011). Journal 

of Learning Disabilities, 44(6), 521–532. https://doi.org//10.1177/0022219410387302 

Uusitalo, E., Leppävirta, J., Koffert, A., Suominen, S., Vahtera, J., Vahlberg, T., Pöyhönen, M., 

Peltonen, J., & Peltonen, S. (2015). Incidence and mortality of neurofibromatosis: A total 

population study in Findland. Journal of Investigative Dermatology, 135(3), 904–906. 

https://doi.org/10.1038/jid.2014.465 

Van Eylen, L., Plasschaert, E., Wagemans, J., Boets, B., Legius, E., Steyaert, J., & Noens, I. 

(2017). Visuoperceptual processing in children with neurofibromatosis type 1: True 

deficit or artefact? American Journal of Medical Genetics Part B: Neuropsychiatric 

Genetics,174(4), 342–358. https://doi.org/10.1002/ajmg.b.32522 



 

82 

 

Walcott, C. M., Scheemaker, A., & Bielski, K., (2010). A longitudinal investigation of 

inattention and preliteracy development. Journal of Attention Disorders, 14(1), 79–85. 

https://doi.org/10.1177/1087054709333330 

Watt, S. E., Shores, E. A., & North, K. N. (2008). An examination of lexical and sublexical 

reading skills in children with neurofibromatosis type 1. Child Neuropsychology, 14(5), 

401–418. https://doi.org/10.1080/09297040701595505 

Welsh, J. A., Nix, R. L., Blair, C., Bierman, K. L., & Nelson, K. E. (2010). The development of 

cognitive skills and gains in academic school readiness for children from low-income 

families. Journal of Educational Psychology, 102(1), 43–53. 

https://doi.org/10.1037/a0016738 

Wessel, L. E., Gao, F., Gutmann, D. H., & Dunn, C. M. (2013). Longitudinal analysis of 

developmental delays in children with neurofibromatosis type 1. Journal of Child 

Neurology, 28(12), 1689–1693. https://doi.org/10.1177/0883073812462885 

Wolkenstein, P., Rodriguez, D., Ferkal, S., Gravier, H., Buret, V., Algans, N., Simeoni, M.-C., & 

Bastuji‐Garin, S. (2009). Impact of neurofibromatosis 1 upon quality of life in childhood: 

A cross‐sectional study of 79 cases. British Journal of Dermatology, 160(4), 844–848. 

https://doi.org/10.1111/j.1365-2133.2008.08949.x 

Zaboski, B. A., Kranzler, J. H., & Gage, N. A. (2018). Meta-analysis of the relationship between 

academic achievement and broad abilities of the Cattell-horn-Carroll theory. Journal of 

School Psychology, 71, 42–56. https://doi.org/10.1016/j.jsp.2018.10.001 

Zelazo, P. D., Anderson, J. E., Richler, J., Wallner-Allen, K., Beaumont, J. L., & Weintraub, S. 

(2013). II. NIH Toolbox Cognition Battery (CB): Measuring executive function and 



 

83 

 

attention. Monographs of the Society for Research in Child Development, 78(4), 16–33. 

https://doi.org/10.1111/mono.12032 

  



 

 

 

8
4
 

Table 1 

Demographic Information About Participants Seen at the Late School Age Timepoint 

 Participants (N = 40) 

Age M = 10.94 (SD = 1.58) 

Gender 

  Boys/Girls 

 

22 (55%)/18 (45%) 

SES M = 46.13 (SD = 12.42) 

NF1 Classification 

   Familial/Sporadic 

 

13 (32.5%)/27 (67.5%) 

Race/Ethnicity 

   Caucasian 

   African American 

   Latino 

   Asian 

   Mixed 

 

33 (82.5%) 

4 (10%) 

0 (0%) 

1 (2.5%) 

2 (5%) 

DAS-II GCA M = 93.90, SD = 13.24 

ADHD Diagnosis 13 (32.5%) 

ADHD Medications 10 (25%) 

 

Note. Attention-deficit/hyperactivity disorder (ADHD); Differential Abilities Scales, Second Edition (DAS-II); General Conceptual 

Ability (GCA); Hollingshead Four-Factor Index of Socioeconomic Status (SES); Neurofibromatosis type 1 (NF1). 
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Table 2 

Demographic Information About Participants Seen at Both Early School Age and Late School Age Timepoints 

 Participants (N = 24) 

Age 

   ESA 

   LSA 

 

M = 6.07 (SD = 0.69) 

M = 10.81 (SD = 1.61) 

Gender 

  Boys/Girls 

 

14 (58%)/10 (42%) 

SES 

   ESA 

   LSA 

 

M = 44.67 (SD = 11.13) 

M = 45.36 (SD = 10.54) 

NF1 Classification 

   Familial/Sporadic 

 

5 (21%)/19 (79%) 

Race/Ethnicity 

   Caucasian 

   African American 

   Latino 

   Asian 

   Mixed 

 

19 (79%) 

3 (13%) 

0 (0%) 

1 (4%) 

1(4%) 

DAS-II GCA     

   ESA 

   LSA 

 

M = 98.75, SD = 12.25 

M = 95.00, SD = 15.40 

ADHD Diagnosis 

   ESA 

   LSA 

 

6 (25%) 

8 (33%) 

ADHD Medications 

   ESA 

   LSA 

 

2 (8%) 

5 (21%) 
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Note. Attention-deficit/hyperactivity disorder (ADHD); Differential Abilities Scales, Second Edition (DAS-II); Early school age 

(ESA); General Conceptual Ability (GCA); Hollingshead Four-Factor Index of Socioeconomic Status (SES); Late school age (LSA); 

Neurofibromatosis type 1 (NF1). 
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Table 3 

Relations Between Demographic and Behavioral, Cognitive, and Pre-Academic Measures During Early School Age (n = 24) 

 Age 

rho (p) 

DAS-II GCA 

rho (p) 

SES 

rho (p) 

Male Mean 

(SD) 

Female Mean 

(SD) 

Gender 

DAS-II GCA .008 (.970) - -.020 (.927) 100.50 (11.66) 96.30 (13.25) t(22) = 0.822, p = .420 

CPRS-R CPI -.310 (.140) -.293 (.165) -.181 (.398) 53.64 (10.54) 59.90 (16.37) t(22) = -1.142, p = .266 

CPRS-R HYP .361 (.083) .212 (.320) -.202 (.343) 54.29 (12.51) 54.60 (12.98) t(22) = -0.060, p = .953 

CPRS-R ADHD .028 (.895) -.138 (.520) -.268 (.206) 55.36 (10.73) 57.70 (12.65) t(22) = -0.490, p = .629 

BRIEF-P/BRIEF 

WM 

-.076 (.726) -.169 (.430) -.151 (.482) 57.71 (12.45) 57.00 (12.88) t(22) = 0.137, p = .893 

DAS-II DBa .285 (.211) .527 (.014) .138 (.551) 48.36 (10.74) 44.30 (9.86) t(19) = 0.900, p = .379 

DAS-II DF -.086 (.691) .301 (.153) .141 (.512) 53.21 (6.48) 47.70 (7.06) t(22) = 1.981, p = .060 

DAS-II NV .258 (.223) - .008 (.971) 57.29 (11.56) 51.80 (8.09) t(22) = 1.288, p = .211 

DAS-II VC -.087 (.686) - .206 (.335) 50.64 (5.96) 46.40 (6.47) t(22) = 1.661, p = .111 

DAS-II CO -.220 (.301) - .043 (.843) 43.29 (5.82) 44.30 (7.70) t(22) = -0.368, p = .716 

DAS-II PC .290 (.169) - .033 (.878) 56.71 (8.70) 50.70 (9.62) t(22) = 1.598, p = .124 

NEPSY-II Arrows -.171 (.424) .025 (.906) -.138 (.519) 9.86 (2.11) 8.00 (2.49) t(22) = 1.973 p = .061 

DAS-II ENC -.117 (.587) .281 (.183) .294 (.162) 53.64 (11.51) 47.20 (5.03) t(22) = 1.652, p = .113 

DAS-II PP .306 (.146) .503 (.012) -.119 (.581) 50.64 (8.07) 49.00 (9.10) t(22) = 0.466, p = .646 

DAS-II RN .173 (.419) .356 (.088) -.186 (.383) 53.00 (6.47) 52.10 (6.82) t(22) = 0.329, p = .746 

 

Note. Behavior Rating Inventory of Executive Function (BRIEF); Behavior Rating Inventory of Executive Function-Preschool 

Version (BRIEF-P); Copying (CO); Differential Abilities Scales, Second Edition (DAS-II); Early Number Concepts (ENC); General 

Conceptual Ability (GCA); Hollingshead Four-Factor Index of Socioeconomic Status (SES); Naming Vocabulary (NV); NEPSY 

Second Edition (NEPSY-II); Pattern Construction (PC); Phonological Processing (PP); Rapid Naming (RN); Recall of Digits-

Backward (DB); Recall of Digits-Forward (DF); Revised Conners’ Parent Rating Scale ADHD Index (CPRS-R ADHD); Revised 

Conners’ Parent Rating Scale Cognitive Problems/Inattention (CPRS-R CPI); Revised Conners’ Parent Rating Scale Hyperactivity 

(CPRS-R HYP); Verbal Comprehension (VC); Working Memory scale (WM). 
a DAS-II DB data unavailable for three children.  
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Table 4 

Relations Between Demographic and Behavioral, Cognitive, and Academic Measures During Late School Age (n = 24) 

 Age 

rho (p) 

DAS-II GCA 

rho (p) 

SES 

rho (p) 

Male Mean 

(SD) 

Female Mean 

(SD) 

Gender 

DAS-II GCA -.179 (.403) - .063 (.768) 98.36 (16.17) 90.30 (13.64) t(22) = 1.281, p = .213 

Conners–3 

Inattention 

-.379 (.068) .032 (.883) .212 (.321) 71.14 (12.71) 58.70 (8.53) t(21.954) = 2.869, p = 

.009b 

Conners–3 H/I -.159 (.459) .206 (.333) .154 (.471) 61.14 (12.46) 54.30 (11.56) t(22) = 1.366, p = .186 

DAS-II DF -.117 (.587) .398 (.054) .247 (.245) 45.93 (10.18) 44.20 (7.15) t(22) = 0.461, p = .650 

Flankera -.232 (.312) .590 (.005) .158 (.494) 91.09 (13.20) 84.87 (13.07) t(19) = 1.073, p = .297 

BRIEF WM -.182 (.394) -.230 (.279) -.069 (.750) 57.71 (8.44) 56.10 (10.80) t(22) = 0.411, p = .685 

DAS-II DB -.191 (.371) .554 (.005) .223 (.296) 41.64 (8.86) 41.10 (5.74) t(22) = 0.169, p = .867 

DAS-II WD -.021 (.921) - .069 (.748) 51.86 (9.72) 47.90 (12.25) t(22) = 0.883, p = .387 

DAS-II VS -.341 (.103) - .216 (.310) 51.57 (8.86) 48.70 (9.78) t(22) = 0.750, p = .461 

DAS-II RD -.157 (.465) - -.231 (.278) 46.86 (7.61) 41.60 (8.14) t(22) = 1.621, p = .119 

DAS-II PC -.101 (.638) - .132 (.540) 49.71 (6.82) 46.10 (7.32) t(22) = 1.241, p = .228 

WIAT-III NO -.286 (.175) .730 (< .001) .010 (.961) 96.93 (13.93) 91.20 (17.18) t(22) = 0.902, p = .377 

WIAT-III MPS -.126 (.557) .740 (< .001) .211 (.322) 98.29 (20.08) 86.50 (12.79) t(22) = 1.630, p = .117 

WIAT-III WR -.032 (.881) .747 (< .001) -.256 (.228) 93.79 (14.01) 88.50 (13.83) t(22) = 0.916, p = .370 

WIAT-III PD .103 (.631) .755 (< .001) -.111 (.607) 91.57 (11.57) 89.50 (12.96) t(22) = 0.411, p = .685 

WIAT-III RC -.305 (.147) .386 (.062) -.105 (.624) 100.79 (12.60) 97.70 (10.65) t(22) = 0.629, p = .536 

 

Note. Behavior Rating Inventory of Executive Function (BRIEF); Conners 3rd Edition Parent Short Form (Conners–3); Differential 

Abilities Scales, Second Edition (DAS-II); Flanker Inhibitory Control and Attention Test (Flanker); General Conceptual Ability 

(GCA); Hollingshead Four-Factor Index of Socioeconomic Status (SES); Hyperactivity/Impulsivity (H/I); Math Problem Solving 

(MPS); Numerical Operations (NO); Pattern Construction (PC); Pseudoword Decoding (PD); Reading Comprehension (RC); Recall of 

Designs (RD); Recall of Digits-Backward (DB); Recall of Digits-Forward (DF); Verbal Similarities (VS); Wechsler Individual 

Achievement Test, Third Edition (WIAT-III); Word Definitions (WD); Word Reading (WR); Working Memory scale (WM). 
a Flanker data unavailable for three children. 
b Welch t-test 
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Table 5 

Relations Between Demographic and Behavioral, Cognitive, and Academic Measures During Late School Age (n = 40) 

 Age 

rho (p) 

DAS-II GCA 

rho (p) 

SES 

rho (p) 

Male Mean 

(SD) 

Female Mean 

(SD) 

Gender 

DAS-II GCA -.194 (.230) - .077 (.636) 96.91 (14.45) 90.22 (10.87) t(38) = 1.622, p = .113 

Conners –3 

Inattention 

-.189 (.243) -.195 (.229) .245 (.128) 71.86 (12.93)  61.94 (11.92) t(38) = 2.499, p = .017 

Conners –3 H/I .019 (.906) .043 (.792) .208 (.198) 63.59 (13.29)  58.39 (14.56) t(38) = 1.180, p = .245 

DAS-II DF -.183 (.258) .465 (.003) .263 (.101) 46.91 (10.48) 43.28 (8.53) t(38) = 1.183, p = .244 

Flankera -.100 (.561) .506 (.002) .227 (.183) 91.85 (13.91) 83.18 (10.57) t(34) = 2.061, p = .047 

BRIEF WM .063 (.699) -.197 (.224) .095 (.560) 59.23 (9.82) 58.56 (11.19) t(38) = 0.202, p = .841 

DAS-II DB -.077 (.638) .535 (< .001) .124 (.446) 43.45 (10.09) 43.00 (5.44) t(33.387) = .181, p = 

.857b 

DAS-II WD -.032 (.845) - .020 (.901) 50.68 (9.29) 48.89 (9.34) t(38) = 0.606, p = .548 

DAS-II VS -.305 (.056) - -.035 (.832) 49.64 (8.66) 48.44 (7.86) t(38) = 0.451, p = .654 

DAS-II RD -.163 (.316) - -.160 (.324) 48.00 (7.82) 41.00 (7.00) t(38) = 2.952, p = .005 

DAS-II PC -.233 (.148) - .049 (.764) 47.91 (7.27) 43.72 (7.09) t(38) = 1.833, p = .075 

WIAT-III NO -.220 (.173) - .107 (.511) 97.82 (13.72) 89.50 (15.16) t(38) = 1.820, p = .077 

WIAT-III MPS -.111 (.495) - .275 (.086) 96.55 (17.64) 86.56 (11.57) t(38) = 2.064, p = .046 

WIAT-III WR -.034 (.837) - -.064 (.695) 93.45 (15.51) 90.17 (12.89) t(38) = 0.718, p = .477 

WIAT-III PD -.022 (.895) - .025 (.876) 93.27 (13.03) 89.17 (12.32) t(38) = 1.016, p = .316 

WIAT-III RC -.232 (.150) - .082 (.616) 98.73 (12.10) 97.78 (9.34) t(38) = .273, p = .787 

 

Note. Behavior Rating Inventory of Executive Function (BRIEF); Conners 3rd Edition Parent Short Form (Conners–3); Differential 

Abilities Scales, Second Edition (DAS-II); Flanker Inhibitory Control and Attention Test (Flanker); General Conceptual Ability 

(GCA); Hollingshead Four-Factor Index of Socioeconomic Status (SES); Hyperactivity/Impulsivity (H/I);  Math Problem Solving 

(MPS); Numerical Operations (NO); Pattern Construction (PC); Pseudoword Decoding (PD); Reading Comprehension (RC); Recall of 

Designs (RD); Recall of Digits-Backward (DB); Recall of Digits-Forward (DF); Verbal Similarities (VS); Wechsler Individual 

Achievement Test, Third Edition (WIAT-III); Word Definitions (WD); Word Reading (WR); Working Memory scale (WM). 
a Flanker data unavailable for four children. 
b Welch t-test 
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Table 6 

Descriptive Statistics: Academic Score Comparison to Normative Mean and Rates of Difficulty for Academic Performance 

 Mean (SD) One Sample t-test p N (%) of Scores 1 SD 

Below the Mean (scores 

<85) 

WIAT-III NO 94.08 (14.80) -2.532 .015 12 (30%) 

WIAT-III MPS 92.05 (15.85) -3.172 .003 14 (35%) 

WIAT-III WR 91.98 (14.31) -3.547 .001 11 (27.5%) 

WIAT-III PD 91.43 (12.72) -4.263 < .001 11 (27.5%) 

WIAT-III RC 98.30 (10.82) -.993 .327 3 (7.5%) 

 

Note. Math Problem Solving (MPS); Numerical Operations (NO); Pseudoword Decoding (PD); Reading Comprehension (RC); 

Wechsler Individual Achievement Test, Third Edition (WIAT-III); Word Reading (WR). 

 

  



 

 

 

9
1
 

Table 7 

Concurrent Relations Between Neuropsychological Variables and Academic Functioning in Late School Age 

 WIAT-III 

PD 

rho (p) 

WIAT-III 

RC 

rho (p) 

WIAT-III 

WR 

rho (p) 

WIAT-III 

NO 

rho (p) 

WIAT-III 

MPS 

rho (p) 

WIAT-III 

PD 

q 

WIAT-III 

RC 

q 

WIAT-III 

WR 

q 

WIAT-III 

NO 

q 

WIAT-III 

MPS 

q 

DAS-II 

GCA 

.695  

(< .001) 

.483 

(.002) 

.689  

(< .001) 

.777  

(< .001) 

.685  

(< .001) 

< .001 .009 < .001 < .001 < .001 

Conners–3 

Inattention 

-.182 

(.260) 

-.163 

(.314) 

-.170 

(.294) 

-.124 

(.444) 

.050 

(.760) 

.334 .404 .378 .500 .760 

Conners–3 

H/I  

-.041 

(.800) 

-.139 

(.392) 

.148 

(.363) 

.080 

(.625) 

.204 

(.208) 

.800 .441 .408 .625 .267 

DAS-II 

DF 

.394 

(.012) 

.346 

(.029)  

.470 

(.002) 

.555  

(< .001) 

.586  

(< .001) 

.022 .065 .006 < .001 < .001 

 

Flanker a .306 

(.070) 

.269 

(.112) 

.364 

(.029) 

.386 

(.020) 

.420 

(.011) 

.105 .168 .052 .036 .023 

BRIEF 

WM 

-.114 

(.485) 

-.064 

(.693) 

.088 

(.589) 

-.156 

(.336) 

-.107 

(.512) 

.546 .693 .589 .432 .576 

DAS-II 

DB 

.474 

(.002) 

.306 

(.055) 

.292 

(.072) b 

.576  

(< .001) 

.543  

(< .001) 

.006 .099 .108 < .001 < .001 

 

DAS-II 

WD 

.531  

(< .001) 

.427 

(.006) 

.724  

(< .001) 

- - < .001 .018 < .001 

 
- - 

 

DAS-II 

VS 

.425 

(.006) 

.583  

(< .001) 

.408 

(.009) 

- - .014 < .001 .020 - - 

DAS-II 

RD 

- - - .483 

(.002) 

.389 

(.013) 
- - - .005 .023 

DAS-II 

PC 

- - - .344 

(.030) 

.300 

(.060) 
- - - .045 

 

.090 

 

 

Note. Behavior Rating Inventory of Executive Function (BRIEF); Conners 3rd Edition Parent Short Form (Conners–3); Differential 

Abilities Scales, Second Edition (DAS-II); Flanker Inhibitory Control and Attention Test (Flanker); General Conceptual Ability 

(GCA); Hyperactivity/Impulsivity (H/I); Math Problem Solving (MPS); Numerical Operations (NO); Pattern Construction (PC); 
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Pseudoword Decoding (PD); Reading Comprehension (RC); Recall of Designs (RD); Recall of Digits-Backward (DB); Recall of 

Digits-Forward (DF); Verbal Similarities (VS); Wechsler Individual Achievement Test, Third Edition (WIAT-III); Word Definitions 

(WD); Word Reading (WR); Working Memory scale (WM). 
a Flanker data unavailable for four children. 
b Results are presented with outliers removed for this analysis 
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Table 8 

Relations Between Pre-Academic Functioning in Early School Age and Academic Functioning in Late School Age 

 WIAT-III 

PD  

rho (p) 

WIAT-III 

RC 

rho (p) 

WIAT-III 

WR 

rho (p) 

WIAT-III 

NO 

rho (p) 

WIAT-III 

MPS 

rho (p) 

WIAT-III 

PD 

q 

WIAT-III 

RC 

q 

 

WIAT-III 

WR 

q 

 

WIAT-III 

NO 

q 

 

WIAT-III 

MPS 

q 

 

DAS-II 

ENC 

- - - .612 

(.001) 

.632  

(< .001) 

- - - .001 < .001 

DAS-II 

PP 

.633  

(< .001) 

.571 

(.004) 

.650  

(< .001) 

- - < .001 .008 < .001 - - 

DAS-II 

RN 

.327 

(.119) 

.150 

(.483) 

.321 

(.126) 

- - .119 .483 .126 - - 

 

Note. Differential Abilities Scales, Second Edition (DAS-II); Early Number Concepts (ENC); Math Problem Solving (MPS); 

Numerical Operations (NO); Phonological Processing (PP); Pseudoword Decoding (PD); Rapid Naming (RN); Reading 

Comprehension (RC); Wechsler Individual Achievement Test, Third Edition (WIAT-III); Word Reading (WR). 
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Table 9  

Relations Between Neuropsychological Variables in Early School Age and Academic Functioning in Late School Age 

 WIAT-III 

PD 

rho (p) 

WIAT-III 

RC 

rho (p) 

WIAT-III 

WR 

rho (p) 

WIAT-III 

NO 

rho (p) 

WIAT-III 

MPS 

rho (p) 

WIAT-III 

PD 

q 

WIAT-III 

RC 

q 

WIAT-III 

WR 

q 

WIAT-III 

NO 

q 

WIAT-III 

MPS 

q 

DAS-II 

GCA 

.364 

(.080) 

.480 

(.018) 

.575 

(.003) 

.606 

(.002) 

.457 

(.025) 

.209 .086 .009 .010 .083 

CPRS- R 

CPI 

-.159 

(.457) 

.056 

(.794) 

-.315 

(.134) 

.049 

(.820) 

-.181 

(.398) 

.596 .794 .201 .820 .569 

CPRS- R 

HYP 

-.150 

(.485) 

-.256 

(.228) 

.149 

(.488) 

.205 

(.336) 

.023 

(.914) 

.596 

 

.410 .595 .642 .914 

CPRS- R 

ADHD 

-.135 

(.530) 

-.185 

(.387) 

-.114 

(.595) 

.050 

(.818) 

-.223 

(.294) 

.596 

 

.581 .595 .820 .569 

DAS-II 

DF 

.254 

(.231)  

.125 

(.559) 

.452 

(.027) 

.410 

(.047) 

.599 

(.002) 

.416 .719 .049 .118 .010 

BRIEF-P/ 

BRIEF 

WM 

-.047 

(.829) 

-.095 

(.660) 

-.129 

(.548) 

.135 

(.531) 

-.156 

(.466) 

.829 .743 .595 .759 .583 

DAS-II 

DB a 

.622 

(.003) 

.347 

(.123) 

.611 

(.003) 

.639 

(.002) 

.720  

(< .001) 

.027 .277 .009 .010 .002 

DAS-II 

NV 

.351 

(.093) 

.475 

(.019) 

.517 

(.010) 

- - .209 .086 .023 - - 

DAS-II 

VC 

.539 

(.007) 

.416 

(.043) 

.582 

(.003) 

- - .032 .129 .009 - - 

DAS-II 

CO 

- - - .051 

(.813) 

.121 

(.573) 

- - - .820 .637 

DAS-II 

PC 

- - - .571 

(.004) 

.417 

(.043) 

- - - .013 .108 

NEPSY-

II Arrows 

- - - .186 

(.385) 

.201 

(.347) 

- - - .642 .569 
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Note. Behavior Rating Inventory of Executive Function (BRIEF); Behavior Rating Inventory of Executive Function-Preschool 

Version (BRIEF-P); Copying (CO); Differential Abilities Scales, Second Edition (DAS-II); General Conceptual Ability (GCA); Math 

Problem Solving (MPS); Naming Vocabulary (NV); NEPSY Second Edition (NEPSY-II); Numerical Operations (NO); Pattern 

Construction (PC); Pseudoword Decoding (PD); Reading Comprehension (RC); Recall of Digits-Backward (DB); Recall of Digits-

Forward (DF); Revised Conners’ Parent Rating Scale ADHD Index (CPRS-R ADHD); Revised Conners’ Parent Rating Scale 

Cognitive Problems/ Inattention (CPRS-R CPI); Revised Conners’ Parent Rating Scale Hyperactivity (CPRS-R HYP); Verbal 

Comprehension (VC); Wechsler Individual Achievement Test, Third Edition (WIAT-III); Word Reading (WR); Working Memory 

scale (WM).  
a DAS DB data unavailable for three children. 
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Table 10 

Canonical Correlations Between Late School Age Neuropsychological and Late School Age Academic Variables 

 Canonical Loadings 

WIAT-III RC -.522 

WIAT-III MPS -.927 

WIAT-III WR -.796 

WIAT-III PD -.734 

WIAT-III NO -.910 

DAS-II DB -.591 

DAS-II DF -.546 

DAS-II GCA -.976 

Flanker -.445 

 

Note. Differential Abilities Scales, Second Edition (DAS-II); Flanker Inhibitory Control and Attention Test (Flanker); General 

Conceptual Ability (GCA); Math Problem Solving (MPS); Numerical Operations (NO); Pseudoword Decoding (PD); Reading 

Comprehension (RC); Recall of Digits-Backward (DB); Recall of Digits-Forward (DF); Wechsler Individual Achievement Test, Third 

Edition (WIAT-III); Word Reading (WR). 
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Table 11 

Canonical Correlations Between Early School Age Pre-Academic Variables and Late School Age Academic Variables 

 Canonical Loadings 

WIAT-III RC -.516 

WIAT-III MPS -.866 

WIAT-III WR -.849 

WIAT-III PD -.781 

WIAT-III NO -.939 

DAS-II ENC -.810 

DAS-II PP -.835 

DAS-II RN -.214 

 

Note. Differential Abilities Scales, Second Edition (DAS-II); Early Number Concepts (ENC); Math Problem Solving (MPS); 

Numerical Operations (NO); Phonological Processing (PP); Pseudoword Decoding (PD); Rapid Naming (RN); Reading 

Comprehension (RC); Wechsler Individual Achievement Test, Third Edition (WIAT-III); Word Reading (WR). 
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Table 12 

Canonical Correlations Between Early School Age Neuropsychological Variables and Late School Age Academic Variables 

 Canonical Loadings 

WIAT-III RC .265 

WIAT-III MPS .971 

WIAT-III WR .730 

WIAT-III PD .684 

WIAT-III NO .891 

DAS-II DB .704 

DAS-II DF .572 

DAS-II GCA .949 

 

Note. Differential Abilities Scales, Second Edition (DAS-II); General Conceptual Ability (GCA); Math Problem Solving (MPS); 

Numerical Operations (NO); Pseudoword Decoding (PD); Reading Comprehension (RC); Recall of Digits-Backward (DB); Recall of 

Digits-Forward (DF); Wechsler Individual Achievement Test, Third Edition (WIAT-III); Word Reading (WR). 
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