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ABSTRACT 
 

LONGITUDINAL TRENDS IN READING ACHIEVEMENT BETWEEN CHILDREN WITH 
READING DISABILITY (RD) AND CHILDREN WITH LOW READING ACHIEVEMENT 

(LRA) 
 

By  
 

Danielle Wexler 
 

In elementary school, many children struggle in learning how to read. Some of these 

struggling readers will be identified to receive special education services as a student with a 

reading disability (RD), while other students will not be identified to receive such services but 

will continue to have low reading achievement (LRA). Limited research, however, has examined 

the differences in the longitudinal reading achievement trajectories between these two groups. 

Understanding the differences and similarities between children with RD and children with LRA 

is important for thinking about special education identification processes as well as prevention 

and intervention efforts. Therefore, the purpose of the current study was to compare the 

longitudinal reading trajectories of children with RD and children with LRA to determine 

whether the two groups had different reading achievement in the fall of kindergarten, different 

patterns of reading achievement from kindergarten through eighth grade, and different reading 

achievement outcomes in the spring of eighth grade. Primary analyses employed multiple group 

Latent Growth Modeling (LGM) to examine differences in the reading achievement trajectories 

between these two groups from kindergarten through eighth grade. Data were drawn from the 

Early Childhood Longitudinal Study, Kindergarten Class of 1998-1999 (ECLS-K), which 

sampled approximately 21,410 children who entered kindergarten in 1998 and followed them 

through eighth grade. For children identified with RD or LRA between first and fifth grade (n = 

1,080), LGM analyses revealed no significant differences between the groups in the fall of 



	

kindergarten, significantly different patterns of growth over time, and significant differences in 

their reading achievement in the spring of eighth grade, with the RD group outperforming the 

LRA group, even after controlling for gender, socioeconomic status (SES), race/ethnicity, and 

age. Findings highlight the importance of intervention and special education services to support 

the reading development of children who face challenges in learning to read. Additionally, 

findings point to the need for further research to identify why children with RD and LRA had 

different patterns of reading achievement over time, what the specific reading skill deficits of the 

students in each of these groups were, and how instruction and intervention can support students’ 

reading development throughout their education. 
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CHAPTER 1 
INTRODUCTION 

 
Research consistently suggests that being able to read is critical in becoming a successful 

member of society. Still, learning to read is an exceptionally complex process, and 

approximately 20-30% of children struggle even after a year of reading instruction (Shaywitz, 

2003). Some children who struggle with learning to read will be diagnosed with a reading 

disability (RD), which is neurological language-based disability that impairs individuals’ 

abilities to retrieve words, articulate words, spell words, and remember facts (Shaywitz, 2003). 

In the United States, the estimated prevalence of RD for children is 5-17% (Shaywitz & 

Shaywitz, 2005), with most estimates around 7% (Peterson & Pennington, 2010). Other children 

who struggle with learning how to read will not receive a RD diagnosis, but are known as 

students with low reading achievement (LRA). In 2015, approximately 50% of fourth-graders 

were not proficient in reading and were performing below grade-level expectations (U.S. 

Department of Education, 2016). 

If there are two groups of students struggling to learn to read, then question the becomes, 

are these two groups inherently different? Researchers have investigated whether there are 

differences between children with RD and children with LRA in terms of their cognitive and 

academic functioning as well as their response to instruction/intervention. Regarding differences 

in cognitive and academic functioning, there are contradictory findings. In general, however, 

research supports the idea that are minimal to no differences in cognitive and academic 

functioning (Hoskyn & Swanson, 2000; Stuebing et al., 2002; Ysseldyke, Algozzine, Shinn, and 

McGue, 1982). In other words, children with RD and LRA all demonstrate a core deficit in 

phonological awareness, which is believed to be the underlying cause of RD (Fletcher et al., 

1994, Stanovich and Siegel, 1994). Although there is evidence to support that students with RD 
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cannot be differentiated from students with LRA measures (Shaywitz, Fletcher, Holahan, & 

Shaywitz, 1992b; Ysseldyke et al., 1982), there is research to suggest that certain groups of 

children with reading problems may respond differently to intervention. These studies have 

found that children who do not respond to intervention are the ones who are in need of the most 

intensive, individualized services via special education (Denton, Fletcher, Anthony, and Francis, 

2006; Lovett et al., 1994; Vaughn et al., 2012).  

Given that some children with reading problems may respond more readily to 

intervention than others, researchers have examined the longitudinal trends in reading 

development of children with and without RD. Some research has found that the gap between 

good and poor readers widens over time (Bast & Reistma, 1998; Juel, 1988; McKinney, 1984; 

McNamara, Scissons, & Gutknecth, 2011), while other research has found that this gap does not 

widen over time, and may in fact close slightly (Catts, Hogan, & Fey, 2003; Parrila, Aunola, 

Leskinen, & Nurmi, 2005; Phillips, Norris, Osmond, & Maynard; Shaywitz et al., 1995). 

Studying children over different developmental periods of time (e.g., kindergarten through third 

grade versus kindergarten through sixth grade) may have contributed to these conflicting 

findings. When researchers study longer periods of time, evidence for a widening gap has not 

been found (e.g., Aarnouste & van Leeuwe, 2000; Phillips et al., 2002). Thus, it is possible that 

children with RD exhibit a faster rate of progress, which prevents them from falling even further 

behind (Huang, Moon, & Boren, 2014; Scarborough & Parker, 2003). 

Still, other research has found that children with RD progress either at similar rates or 

more slowly compared to typical readers (Morgan, Farkas, & Wu, 2011; Morgan, Frisco, Farkas, 

& Hibel; 2010). In other words, these studies suggest that children with RD neither grow at a 

faster pace nor catch up to their peers without RD. However, in these studies, researchers did not 
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differentiate between children who received special education services for RD and those who 

were struggling in reading but did not receive special education services. Accordingly, only two 

studies have examined differences in the reading growth trajectories between children with RD 

and children with LRA, finding no differences between the groups in reading achievement over 

time (Francis, Shaywitz, Stuebing, Shaywitz, & Flectcher, 1996; O’Malley, Francis, Foorman, 

Fletcher, and Swank, 2002).  

Consequently, it is important to examine the longitudinal trends in reading achievement 

between those with RD and those with LRA for two reasons. First, previous research that 

examined the reading achievement trajectories of these groups concurrently is limited. Thus, 

little is known about whether the reading achievement of children with RD differs from that of 

children with LRA over elementary and middle school. The two studies that examined reading 

growth between the two groups had small samples, used limited observation time periods (e.g., 

kindergarten through second grade), and failed to consider special education classification. Thus, 

the current research will allow for a better understanding of whether the reading growth 

trajectories of children with RD and children with LRA differ from each other over a significant 

portion of their schooling. Second, understanding the achievement trajectories of those who 

receive special education services versus those who do not may inform not only future 

prevention and intervention research but also how the two groups are classified, diagnosed, and 

labeled within the school setting. 

Overall, the purpose of the current study is to test a hypothesized latent growth model to 

examine the reading trajectories from kindergarten through eighth grade of children who 

received special education services for RD and non-identified children with LRA between first 

and fifth grade. Using special education eligibility, this study will seek to evaluate whether 
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children diagnosed with RD are similar or different from children with LRA in terms of their 

reading achievement at the start of kindergarten, as they grow over time, and at the end of eighth 

grade. Through the use of a large, representative sample, a long-term longitudinal model, and 

school-based eligibility, the study will address previous methodological flaws in extant literature, 

which not only is limited but also fails to consider school-based classification.  
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CHAPTER 2 
LITERATURE REVIEW 

 
Importance of Reading 

Research consistently suggests that being able to read is critical in becoming a successful 

member of society. Reading is important not only for academic success during the school years 

but also for social and economic advancement later in life (Snow, Burns, & Griffin, 1998). Those 

with low reading achievement (LRA) often face behavioral, emotional, and social difficulties 

throughout school (Arnold et al., 2005; Heiervang, Lund, Stevenson, & Hugdahl, 2009; Miles & 

Stipek, 2006; Morgan, Farkas, Tufis, & Sperling, 2008a), which can lead to more serious 

antisocial behavior (Svetaz, Ireland, & Blum, 2000). To help prevent and combat the unwanted 

effects of poor reading achievement, researchers, educational professionals, and policy makers 

have taken significant steps to implement more empirically-supported reading instruction in 

schools across the nation. 

In the 1990s, reading was pushed to the forefront of the agendas of many government 

officials and policy makers. These individuals recognized the importance of acquiring reading 

skills to gain societal success (Miskel & Song, 2004). They also realized that current levels of 

reading achievement, based on test scores from the National Assessment of Educational Progress 

(NAEP) were inadequate (Miskel & Song, 2004). Outside the federal government, collaboration 

between policy makers and researchers allowed for the publication of many popular reports on 

reading and research-based recommendations for reading instruction, including ones written by 

the National Research Council (Snow et al., 1998), the Learning First Alliance (1998), the 

American Federation of Teachers (1998), and the National Reading Panel (2000). 

In 2001, President Bush recognized the importance of reading development by including 

major initiatives in the No Child Left Behind Act (NCLB; 2002). These initiatives were called 
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Reading First and Early Reading First. As part of the initiatives, funds were allocated to states 

and school districts in order to prevent reading deficits through the establishment of research-

based, high-quality reading instruction for children at high risk for reading difficulties in 

kindergarten through third grade (Katz, Stone, Carlisle, Corey, & Zeng, 2008). The idea was that 

early prevention efforts via systematic instruction in reading-related skills within the general 

education setting could prevent later reading failure in high-risk groups (Katz et al., 2008). 

Unfortunately, the results of the Reading First initiative were not promising. The 

initiative did not improve students’ reading comprehension test scores in first, second, or third 

grade (Gamse, Bloom, Kemple, & Jacob, 2008). Although the results were not positive, the 

initiative helped to lay the foundation for the emphasis of research-based reading instruction to 

improve the reading skills of children across the United States.  

Reading Development 

Learning to read is an exceptionally complex process. More specifically, English has 

approximately 5,000 different possible syllables, and as an alphabetic language, English relies on 

using symbols to represent individual parts of a spoken syllable (Snow et al., 1998). The 

symbols, or letters, used to represent the syllables are also meaningless and abstract, until the 

reader understands that letters represent syllables, or sound units, in spoken English (Snow et al., 

1998). The English writing system is a deep orthography, which means that particular letters can 

spell several different sounds, because spelling, not phonological representations (i.e., how 

words sounds), are persevered when writing words (Snow et al., 1998). In other words, in the 

English language, the same letter or combination of letters can take on different sounds 

depending on the word in which they are used. Even without considering other cognitive 



 

	 7 

processes that are needed to learn how to read (e.g., attention, memory), the English language 

poses its own complexities in learning how to read.   

Chall’s Stages of Reading Development 

Despite the complexities of the English language, one way to conceptualize reading 

development over time is through Chall’s (1983) stages of reading development. Chall’s (1983) 

model is a developmental theory that incudes reading stages that are qualitatively different from 

one another and generally progress in a hierarchical fashion. That is, the skills at one stage must 

be acquired, at least in part, before moving on to the subsequent stage. Chall’s (1983) theory 

includes six stages, which are described below. 

Stage 0. First, Stage 0, or the Pre-Reading stage, occurs from birth to around six years of 

age. In this stage, children become familiar with books and the concept of stories (Chall, 1983). 

They learn the letters of the alphabet, how to write their own name, use pencil and paper, and 

retell stories by looking at the pages of books (Chall, 1983). In addition, they begin to understand 

basic rhymes and different sounds in words (Chall, 1983). Prior to entering kindergarten, 

children’s early preschool experiences as well their home-literacy environment likely influence 

their development of literacy skills at this stage (Chall, 1983).  

Stage 1. Next, in Stage 1, the Decoding stage, children in kindergarten and first grade 

begin to learn the relationship between letters and sounds as well as between print and spoken 

words (Chall, 1983). During this stage, children gain phonological awareness (PA), or the 

general ability to distinguish and manipulate sound units within spoken language (Shaywitz et 

al., 2008a). Shortly after birth, infants are able to distinguish all of the sounds of any human 

language, and phonological development continues to be fine-tuned into the early school years 

(Snow et al., 1998). Children first develop an awareness of spoken whole words, followed by 
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syllables, and then at the phoneme level. When children understand that words are made up of 

phonemes (e.g., /k/, /a/, /t/ à cat), they have developed phonemic awareness (Shaywitz, 2003). 

Phonemes are the smallest units of spoken language, which combine to form syllables, and 

English contains about 41 phonemes (National Reading Panel, 2000) Research suggests that the 

development of phonemic awareness requires at least an introduction to reading instruction 

before children understand that words are made up of sound units smaller than syllables (i.e., 

phonemes; Goswami, 1993). Once phonemic awareness is acquired, children learn to recognize 

that the letters on the page represent the sounds they hear. Understanding the link between 

spoken and written letters is called the alphabetic principle, and attaining this principle allows 

children to begin reading (Shaywitz, 2003).  

In Stage 1, decoding, or word reading, is an important reading outcome to consider 

(Chall, 1983). In order to read both familiar and unfamiliar words, readers must decode words, 

which involves converting the letters on the page (i.e., graphemes) into their individual sounds 

(i.e., phonemes) and blending the phonemes to make a recognizable word (National Reading 

Panel, 2000). When assessing children’s decoding skills, they are asked to read aloud lists of 

both real words and pseudowords (i.e., clup). Therefore, decoding relies both on children’s 

phonological awareness and alphabetic principle.  

Of note, phonological skills have been found to be a strong predictor of later reading 

skills (Mann & Liberman, 1984; Melby-Lervag, Lyster, & Hulme, 2012; Torgesen, Wagner, 

Rashotte, Burgess, & Hecht, 1997; Wagner, Torgesen, Laughon, Simmons, & Rashotte, 1993). 

Even further, Swank and Catts (1994) found that scores on measures of phonological awareness 

tests were moderately correlated with scores on measures of decoding from the beginning to the 

end of first grade, and early phonological awareness distinguished poor decoders from strong 
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decoders. More recently, in a study of 514 Canadian children, a measure of phonemic awareness 

and letter understanding accurately identified at-risk students in kindergarten and predicted their 

first-grade reading achievement (McNamara, Scissons, and Dahleu, 2005). Consequently, those 

who struggle to develop these foundational phonological skills will also struggle with decoding 

words and subsequent reading development at the next stage. 

Stage 2. Stage 2, the Confirmation, Fluency, Ungluing from Print stage, is when children 

in the second and third grades begin to read with increasing fluency (Chall, 1983). Fluency is the 

ability to read text both quickly and accurately (Armbruster et al., 2010). When fluent readers 

read, they recognize words automatically, without having to sound them out in their heads 

(Armbruster et al., 2010). Becoming a fluent reader allows children to begin to focus their 

attention on comprehension, or understanding of the words on the page, rather than having to 

spend all of their effort decoding the words (Armbuster et al., 2010). Also important in this stage 

is vocabulary development (Chall, 1983). As children experience more exposure and practice, 

their vocabularies continue to grow. During early school years, children’s vocabularies expand 

rapidly, although this expansion is highly variable among individual children (Snow et al., 1998). 

Furthermore, vocabulary plays and important role in both learning to reading and comprehending 

text, such that children cannot understand the text if they do not know the meaning of most 

words (National Reading Panel, 2000). 

Stage 3. Subsequently, Stage 3, the Reading for Learning the New: A First Step stage 

emphasizes reading to learn new ideas and knowledge (Chall, 1983). Chall (1983) argues that at 

Stage 3, this is done most effectively with text that is clear, simple, and has one viewpoint. At 

this stage, fourth- to seventh graders are expected to comprehend what they read to learn new 

information about diverse topics (Chall, 1983). In other words, after third grade, students are 
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expected to read well enough to be able to take meaning away from the text they read. Fittingly, 

in fourth grade, students often have expanded, more complex subject areas in school (e.g., social 

studies, science), and, therefore, they are expected to read related texts and learn the material 

(Chall, 1983). 

Correspondingly, comprehension is the ultimate goal of learning how to read, such that if 

children are able to decode the words and read fluently but not understand the meaning of such 

words, then they are not actually reading. Important to the idea of comprehension is that in order 

to understand the meaning of text, readers must be actively thinking and using problem-solving 

processes while reading (National Reading Panel, 2000). Thus, comprehension is a critical 

component in becoming a proficient reader, yet it requires readers to decode words and read 

them fluently before comprehension is possible (National Reading Panel, 2000).  

Stage 4. Although comprehension is the ultimate goal of reading development, Chall’s 

(1983) stage theory does not end there. In the next stage, Stage 4, the Multiple Viewpoints stage, 

middle-schoolers and high-schoolers read more complex material and are asked to apply 

different viewpoints (Chall, 1983). Students read both expository (e.g., textbook) and narrative 

texts (e.g., fiction novel), remember what they read, critique it, and apply outside knowledge 

(Chall, 1983). 

Stage 5. The final stage of reading development, Stage 5, is the Construction and 

Reconstruction – A World View stage (Chall, 1983). In this stage, older adolescents and adults 

use reading for their own needs both professionally and personally (Chall, 1983). When 

individuals at this stage read, they construct knowledge for themselves using analysis, synthesis, 

and judgment (Chall, 1983). With continued maturation, adults will often use reading to fulfill 

differing needs (Chall, 1983). 
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Bioecological Model 

In addition to the six stages, Chall (1983) recognizes the importance of not only within-

child factors but also environmental factors for reading development. She writes, “The scheme 

[model] focuses on what goes on in the person and in the environment to bring about reading 

development in each of the successive stages” (Chall, 1983, p. 10). She goes on to highlight the 

importance of individual within child-factors, the environment (e.g., home, school, community, 

culture), and the interaction between the two. Accordingly, along with Chall’s (1983) stage 

theory of reading development, one must consider a bioecological model (Bronfenbrenner & 

Ceci, 1994; Bronfenbrenner & Morris, 1998; Bronfenbrenner & Morris, 2006).  

The bioecological model posits that development occurs through complex reciprocal 

interactions between the child and his/her environment (Bronfenbrenner & Ceci, 1994; 

Bronfenbrenner & Morris, 1998; Bronfenbrenner & Morris, 2006). There are main four 

components: process, person, context, and time (Bronfenbrenner & Morris, 1998). First, process 

includes both proximal processes and distal processes. Proximal processes refer to the 

interactions between the child and his/her immediate environment, which are responsible for the 

child’s general well-being and competencies (Bronfenbrenner & Morris, 1998). Distal processes 

refer to interactions between the child’s immediate environment and other environments (e.g., 

child’s family access to community resources), but such interactions may only indirectly 

influence the child. Second, person refers to the individual characteristics of the child, such as 

age, sex, temperament, and disability (Bronfenbrenner & Morris, 1998). These characteristics 

can either directly or indirectly influence proximal processes. Third, contexts are the 

environments with which the child interacts, and these environments influence proximal 

processes (i.e., interactions between child and environment; Bronfenbrenner & Morris, 1998). As 



 

	 12 

part of context, Bronfenbrenner proposed a nested system that includes different environments 

that may directly or indirectly influence the child (i.e., microsystem, mesosystem, exosystem, 

and macrosystem; (Bronfenbrenner & Ceci, 1994). Lastly, time reflects the way in which 

development changes over time as children age as well as how events affect development 

differently at different points in time (Bronfenbrenner & Morris, 1998). 

Overall, the bioecological model suggests that development occurs through the child’s 

interactions with his/her environment and is influenced by the child’s characteristics, 

surrounding environments, and time. Consequently, consideration of within-child factors and 

environmental factors is important when examining reading achievement over time. Thus, in the 

current study, one must recognize that although reading achievement is the main variable of 

interest, such growth does not occur in a vacuum separate from the child’s environment. Some of 

these environmental factors will be discussed later in the literature review. Nonetheless, in line 

with Chall’s (1983) stages of reading development, the National Reading Panel (2000) has 

identified the key components of evidence-based reading instruction that are crucial in helping 

students to achieve their maximum potential in reading.  

The “Big Five” Areas of Reading 

Corresponding to Chall’s (1983) stages of reading development, the National Reading 

Panel (2000) evaluated existing research to determine which areas of reading instruction should 

be targeted. To evaluate the research, the National Reading Panel (2000) conducted a meta-

analysis and calculated the effects of instruction in specific reading skills (i.e., small effect = 

0.20, moderate effect = 0.50, large effect = 0.80). These five areas are often termed the “big five” 

and include phonemic awareness, phonics, fluency, vocabulary, and comprehension. The results 

of the meta-analysis are described below. 
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Phonemic Awareness 

According to the National Reading Panel (2000), phonemic awareness is the ability to 

attend to and manipulate phonemes in spoken words. Results of 52 studies revealed that 

phonemic awareness instruction was significantly better than other forms of instruction in 

helping children to acquire phonemic awareness and apply such skills to their reading and 

spelling (National Reading Panel, 2000). Accordingly, researchers found a large overall effect 

size of 0.86, with moderate effects on reading outcomes (d = 0.53) and spelling outcomes (d = 

0.59; National Reading Panel, 2000). Researchers concluded that when phonemic awareness is 

taught effectively, such instruction helps children learn to read (National Reading Panel, 2000). 

Phonics 

Phonics builds upon phonemic awareness by teaching students to apply their 

understanding of words and their sounds to written text (National Reading Panel, 2000). The 

ultimate goal of phonics instruction is to teach students to use the alphabetic principle (i.e., letter-

sound principle) to decode words and understand what they read (National Reading Panel, 2000). 

Results of 38 studies indicated that phonics instruction produced moderate effects overall (d = 

0.44; National Reading Panel, 2000). Phonics instruction was most effective in improving the 

decoding skills for regularly spelled words (d = 0.67) and pseudowords (d = 0.60). Phonics 

instruction also significantly improved oral reading fluency with small effects (d = 0.25; National 

Reading Panel, 2000). For comprehension, phonics instruction produced significantly greater 

improvements for kindergarten and first grade students (d = 0.51), but for older students, phonics 

instruction was less effective (d = 0.12; National Reading Panel, 2000). However, for older 

students with RD, phonics instruction was effective in improving comprehension (d = 0.32; 

National Reading Panel, 2000). Phonics instruction was also found to improve spelling for 
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kindergarten and first graders (d= 0.67), but not for children older than first grade (d = 0.09; 

National Reading Panel, 2000). Although the results support phonics instruction as being 

effective for helping students learn how to decode words, read fluently, comprehend text, and 

spell, the effects were greater for children in younger elementary school grades than in later 

elementary school grades. This further supports the idea that phonics instruction is especially 

important during early elementary school grades. 

Fluency 

The National Reading Panel (2000) suggest that reading fluency instruction, which 

specifically focuses on teaching students to read text with speed, accuracy, and appropriate 

expression is often not of focus in literacy instruction. Accordingly, there is less of a consensus 

on how to teach reading fluency. While some believe that independent practice leads to 

improvement, others believe that guided fluency instruction or intervention is more effective. 

Nonetheless, the National Reading Panel (2000) found that guided reading fluency instruction 

had a moderate effect (d = 0.41) on reading achievement for students in kindergarten through 

fourth grade. More specifically, reading fluency interventions had the greatest effects on 

accuracy (d = 0.55), followed by fluency (d = 0.44), and then followed by comprehension (d = 

0.35; National Reading Panel, 2000). The National Reading Panel (2000) did not find evidence 

that encouraging children to read on their own would lead to improvements in reading. Thus, this 

suggests that guided oral reading is most effective for improving children’s reading skills. 

Vocabulary 

When children learn to read, their use of letter-sound correspondence to sound out words 

will lead to meaningful comprehension only if the word is in their oral vocabulary (National 

Reading Panel, 2000). If the word is not in their vocabulary, then it will not be understood when 
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encountered in text. As a result, vocabulary instruction is an important component of reading 

development. Unfortunately, no studies were found that met the National Reading Panel’s (2000) 

criteria for inclusion in their meta-analysis. Nonetheless, informal analysis of studies that did not 

meet criteria suggests that both direct and indirect vocabulary instruction lead to improvements 

in reading achievement (National Reading Panel, 2000). 

Comprehension 

Although students typically acquire strategies to comprehend text informally, explicit, 

formal instruction in comprehension strategies helps students to become aware of how well they 

understand what they read (National Reading Panel, 2000). Based on 203 studies included in the 

meta-analysis, the National Reading Panel (2000) identified seven strategies that are most 

effective in improving comprehension: comprehension monitoring, cooperative learning, graphic 

and semantic organizers including story maps, question answering, question generation, 

summarization, and multiple strategy instruction. The researchers concluded that when teachers 

demonstrate, explain, model, and implement instruction related to text comprehension, there will 

likely be improvement in students’ ability to understand what they read (National Reading Panel, 

2000). Overall, these “big five” reading skills as well as Chall’s (1983) stages of reading 

development help explain how children learn how to read, and they are also supported by a 

neurological model of reading development, called the dual route model. 

The Dual Route Model 

Researchers have proposed different theories in order to understand the process of 

reading development from a neurological perspective. While there are numerous models of 

reading development, three widely researched models are the parallel-distributed processing 

model (Seidenberg & McClelland, 1989), the automaticity model (LaBerge & Samuels, 1974), 
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and the dual route model (Coltheart et al., 1993). One of the most widely accepted models of 

reading is the dual route model, which has been used to explain the process of reading in both 

children with and without RD (Coltheart et al., 1993). 

In this explanatory model, there are two neural pathways that ultimately lead to reading 

(See Figure 1). Children begin reading using one pathway and progress to a more efficient one, 

as they become skilled readers (Coltheart et al. 1993). The non-lexical, or phonological route is 

slower and more labored, requiring children to convert graphemes (i.e., written letters) to 

phonemes (i.e., individual sound units) in order to sound out words (Coltheart, 2005). For 

example, the word cat must be broken down into its individual phonemes (i.e., /k/ /a/ /t/) in order 

for children to read, pronounce, and match the word with its meaning. This slower, effortful 

process is employed when young children are first learning to read, and even as they become 

more advanced, this route may be utilized when either irregular unfamiliar words and non-words 

(i.e., phliked) are encountered (Coltheart, 2005). As a result, after reading words numerous times 

through the phonological route, an association between the visual representation of words and 

their meanings move into children’s long-term memories (Shaywitz, 2003). 

Consequently, when children become more advanced readers, they use the lexical, or 

orthographic route. In this orthographic system, children recognize words by their visual patterns 

and match them with the meanings they have stored in their mental lexicon, or mental dictionary 

(Coltheart, 2005). Because this system relies on experience with words, it takes time to develop 

(Shaywitz, 2003). Therefore, children begin to read by using the phonological route, advancing 

to the orthographic route as they become more skilled readers. 
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Neuroimaging Research to Support the Dual Route Model 

In accordance with the dual route model, neuroimaging research has identified different 

neural pathways that are involved in reading (See Figure 2). It is important to understand, 

however, that there is no specific “reading area” in the brain, but numerous studies have 

identified different regions of the brain that are activated when individuals read (Shaywitz & 

Shaywitz, 2008b). Three brain pathways are used for different types of readers, where two are 

used by beginning readers (i.e., left parieto-temporal region and Broca’s area) and another that is 

used by more advanced, fluent readers (i.e., left occipito-temporal region; Shaywitz & Shaywitz, 

2008b). First, beginning readers activate the left parieto-temporal region, which has been named 

the word analysis region (Shaywitz & Shaywitz, 2008b). Here, early readers read words by 

associating letters with their phonemes, or sounds. Second, a region called Broca’s area in the 

frontal lobe of the brain, or more specifically the inferior frontal gyrus, plays a role in word 

analysis and converting written letters to spoken words (Shaywitz, 2003).  

Third, the neural pathway involved in advanced reading is the left occipito-temporal 

region, which has been named the word form region, and it allows readers to recognize whole 

words by their visual patterns and then retrieve them quickly (Shaywitz & Shaywitz, 2008b). 

With exposure to words, children become more automatic word processors, such that words that 

were previously processed by the left parieto-temporal region will be processed by the left 

occipito-temporal region (Shaywitz & Shaywitz, 2008b). Broca’s area, therefore, does not play 

as big of a role for advanced readers’ automatic and fluent processing of words (Shaywitz, 

2003). Accordingly, as children become more efficient and skilled readers, this region of the 

brain also becomes quicker at recognizing word forms (Shaywitz et al., 2008a). Although there is 
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a very clear path of typical reading development, which is supported by neuroimaging research, 

many children often face challenges in the process of learning to read.  

 

Figure 1. Dual Route Model (Coltheart, 2006). 
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Figure 2. Brain Regions Involved in Reading (Shaywitz, 2003). 
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Reading Disability (RD) 

Reading disability (RD) is a type of learning disability in which students have difficulty 

making progress in learning to read (Peterson & Pennington, 2010). More specifically, RD is a 

neurological language-based disability that impairs individuals’ abilities to retrieve words, 

articulate words, spell words, and remember facts (Shaywitz, 2003). RD does not include 

individuals whose reading difficulties arise from environmental deprivation, sensory 

impairments, or more severe developmental disorders (Peterson & Pennington, 2010). Even 

though RD is neurologically based, it is a relatively common disability. 

In the United States, the estimated prevalence of RD for children is 5-17% (Shaywitz & 

Shaywitz, 2005). However, prevalence rates of RD vary depending on the cutoff used to 

determine whether an individual meets diagnostic criteria. Based on a cutoff for reading 

achievement at 1.5 standard deviations below the mean, approximately seven percent of the 

population is identified as having a RD (Peterson & Pennington, 2010). Additionally, since RD 

is said to encompass at least 80% of all learning disabilities (Shaywitz, 2003), it is estimated that 

in 2013 about 32% of school-aged children who received special education services were eligible 

for such services due to RD (U.S. Department of Education, 2015). Moreover, RD has been 

found to be equally prevalent among boys and girls based on epidemiological studies (e.g., 

Shaywitz, Shaywitz, Fletcher, and Escobar, 1990); however, in referred samples, boys are more 

likely than girls to be diagnosed with RD (Rutter et al., 2004).  

Etiology of RD 

Research suggests a strong neurological component in the development of RD. 

Neuroimaging research has found neural differences between children with and without RD in 

support of the dual route model. First, nonimpaired readers at all ages show strong activation 
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patterns in the left parieto-temporal of the brain (i.e., word analysis region) with lesser activation 

in anterior regions (i.e., Broca’s area), suggesting that activation patterns in nonimpaired readers 

do not change with age (Shaywitz et al., 2002). More specifically, nonimpaired readers (7-18 

years) show significantly greater activation in left hemisphere brain regions, such as in the 

inferior frontal, superior temporal, parieto-temporal, and temporal-middle occipital gyri than do 

children with RD (Shaywitz et al., 2002). Contrastingly, readers with RD show decreased 

activation in left posterior regions (i.e., parieto-temporal and occipito-temporal) of the brain 

(Shaywitz et al., 2002), suggesting that both the word analysis and word form regions are 

impaired in children with RD. Notably, as result of the underactivation in the left parieto-

temporal region, there is underactivation in the occipito-tempotal word form region, because the 

storage of known words depends on accurate decoding (Pennington, 2009). 

Furthermore, Shaywitz et al. (2002) found a positive correlation between age and 

activation in frontal regions of the brain for children with RD. Young children with RD, as early 

as six, have been found to have abnormal activation patterns bilaterally, specifically increased 

activation in bilateral parieto-temporal regions, as opposed to left-side only activation (Specht et 

al., 2009). As readers with RD get older, activation increases in bilateral anterior regions (Bach 

et al., 2010), and during adolescence, such children demonstrate a pattern of overactivation in 

Broca’s area (Shaywitz et al., 2002). Shaywitz (2003) suggests that struggling readers 

compensate for the disruption in the parieto-temporal region in the back of the brain by 

activating a similar word analysis region in the front of the brain (i.e., Broca’s area).  

Overall, this neurological evidence indicates that children with RD fail to develop the 

brain systems involved in phonological processing (i.e., left parieto-temporal region) in the same 

way as do nonimapired readers. This then prevents brain regions involved in rapid orthographic 
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processing of unfamiliar words (i.e., occipito-temporal region) from developing. Because these 

brain regions are underactiavted, children with RD try to compensate via bilateral activation of 

posterior brain regions as well as anterior regions of the brain that are less efficient. Accordingly, 

this neurological evidence supports the phonological theory of RD, which is discussed in more 

detail below. 

Along with the neurological evidence for RD, it is hypothesized that RD is heritable. 

Research has found that in large samples of children with RD, over half of the group deficits 

were due to heritable influences (Peterson & Pennington, 2010). Researchers estimate that 23-

65% of children with RD have a parent with RD (Scarborough, 1990), and approximately 40% 

of their siblings have RD (Pennington & Gilger, 1996).  

 To further support the heritability of RD, researchers have identified genes on seven 

chromosomes that play a role in the heritability of RD. The seven genes include: 1p36-p34, 

2p16-p15, 3p12-q13, 6p22.2, 15q21, 18p11.2, and Xq27.3 (Peterson & Pennington, 2010). 

Researchers suggest that RD is caused by the interplay of multiple genes, not just one of them 

(Peterson & Pennington, 2010). Using behavioral genetic analysis, researchers have also found 

genetic correlations between component skills of reading. For example, significant genetic 

correlations were found between word reading and phonological coding as well as word reading 

and phonemic awareness (Peterson & Pennington, 2010), which means that these component 

skills are also heritable for those with RD (Gayan and Olson, 2001 as cited in Peterson & 

Pennington, 2010). Although there is strong evidence to suggest the heritability of RD, 

environmental factors must also be considered when discussing the etiology of RD. 

 Because RD is not 100% heritable, environmental factors can also influence the 

development of RD. Two types of environmental risk factors for RD have been of great focus: 
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home-literacy environment and instruction quality/type. In regard to home-literacy environment, 

research has found that parent-child reading predicts later literacy skills (see Phillips & Lonigan, 

2005). Other research has found that children who became poor readers in elementary school had 

less exposure to print as young children; however, it is not clear whether individual child factors 

or parent factors led to the decreased exposure to print (Peterson & Pennington, 2010). With 

respect to literacy instruction, research indicates that early intervention that focuses on phonemic 

awareness, decoding, word reading, and reading fluency can positively affect students who are at 

risk for reading failure (e.g., Vellutino, Scanlon, Small, & Fanuele, 2006). Overall, research 

suggests that there is a strong genetic component of RD, yet there are environmental factors that 

can also influence reading development. 

Models of RD 

Researchers have proposed a variety of theories to understand the deficits involved in 

RD. Four such theories of RD are the magnocellular theory (Livingstone, Rosen, Drislane, & 

Galaburda, 1991; Lovegrove, Bowling, Badcocket, & Blackwood, 1980; Stein and Walsh, 1997), 

the auditory processing theory (Tallal, 1980; Tallal, Miller, & Fitch, 1995), the double-deficit 

hypothesis (Bowers & Wolf, 1993; Wolf & Bowers, 1999; Wolf, Bowers, & Biddle, 2000), and 

the phonological theory (Liberman, 1971; Stanovich, 1985, 1988). Even though there is evidence 

to support each of these theories, the most supported theory of RD is the phonological theory, 

which suggests that individuals with RD have decoding, fluency, and/or comprehension 

difficulties that stem from deficits in phonological processing (Liberman & Shankweiler, 1979, 

1991; Snowling, 1981; Stanovich, 1988; Torgesen, 1999). Much of the research that supports the 

phonological theory has focused on children with RD as having difficulty with phonological 

processing relative to nonimapaired participants on tests that evaluate phonological awareness 
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and letter-sound decoding (e.g., Blachman, 2000; Fletcher et al. 1994; Liberman, Shankweiler, 

Fischer, & Carter, 1974; Stanovich & Siegal, 1994; Vellutino, Scanlon, & Spearing, 1995; 

Vellutino et al., 1996; Wagner & Torgesen, 1987; Wagner, Torgesen, & Rashotte, 1994). Thus, 

there is a general consensus that poor phonological awareness is the most influential cause of 

reading difficulties (Vellutino, Fletcher, Snowling, & Scanlon, 2004). Despite the idea that 

phonological deficits are at the core of RD, both the field of education and the field of 

psychology have developed their own definitions of RD. 

Definitions of RD 

There are two widely accepted definitions of RD. First, RD is included in the Individuals 

with Disabilities Education Act (IDEA, 2004) under the Specific Learning Disability (SLD) 

category. According to the most recent re-authorization of IDEA (2004), a SLD is 

“a disorder in one or more of the basic psychological processes involved in 

understanding or in using language, spoken or written, that may manifest itself in 

the imperfect ability to listen, think, speak, read, write, spell, or do mathematical 

calculations, including conditions such as perceptual disabilities, brain injury, 

minimal brain dysfunction, dyslexia, and developmental aphasia. Such term does 

not include a learning problem that is primarily the result of visual, hearing, or 

motor disabilities, of mental retardation, of emotional disturbance, or of 

environmental, cultural, or economic disadvantage.” (p. 118)   

 Based on this definition, there are eight categories of SLD: oral expression, 

listening comprehension, written expression, basic reading skills, reading fluency skills, 

reading comprehension, mathematics calculation, and mathematics problem-solving. 

Children with RD typically have a SLD in the areas of basic reading skills, reading 
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fluency skills, and/or reading comprehension. A SLD in the area of basic reading skills 

reflects a child’s difficulty with phonological reading skills (i.e., phonemic awareness 

and/or phonics). A SLD in the area of reading fluency reflects a child’s difficulty with 

reading text accurately and quickly, and a SLD in reading comprehension, reflects a 

child’s difficulty with understanding what he/she reads. A child can be identified as 

having a SLD in one or more of these areas. It is likely, however, that when identified as 

having RD related to fluency and/or comprehension, the child also has difficulty with 

basic reading skills. 

 The second definition of RD is from the Diagnostic and Statistical Manual of 

Mental Disorders (DSM-5; APA, 2013). In the DSM-5, RD is defined under the category 

of SLD, and is considered a neurodevelopmental disorder. Here, a SLD is a 

 “persistent difficulty in reading, writing, arithmetic, or mathematical reasoning 

skills during formal years of schooling. Symptoms may include inaccurate or slow 

and effortful reading, poor written expression that lacks clarity, difficulties 

remembering number facts, or inaccurate mathematical reasoning. Current 

academic skills must be well below the average range of scores in culturally and 

linguistically appropriate tests of reading, writing, or mathematics. The 

individual’s difficulties must not be better explained by developmental, 

neurological, sensory (vision or hearing), or motor disorders and must 

significantly interfere with academic achievement, occupational performance, or 

activities of daily living.” (APA, 2013b, p. 1) 

Similar to the IDEA (2004) definition of SLD, a person can have a SLD in a 

number of areas. More specifically related to reading, the DSM-5 specifies that a person 
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can have a reading impairment in word reading accuracy, reading rate or fluency, and/or 

reading comprehension. Accordingly, there is considerable overlap in terms of how RD is 

defined based on IDEA (2004) and the DSM-5 as well as the way in which children with 

RD are identified.  

Identification of RD 

Historically, children with RD were identified based on a discrepancy model, in which a 

student with a severe discrepancy between his/her reading achievement scores and intellectual 

ability (i.e., IQ) resulted in a RD diagnosis. The IQ-achievement discrepancy model of RD 

identification was adopted as part of P.L. 94-142, or the Education for All Handicapped Children 

Act (1975). Following federal adoption, individual states began adopting the IQ-achievement 

discrepancy criteria to identify students with RD.  

Despite widespread adoption, many researchers argue that using an IQ-achievement- 

discrepancy model is fraught with problems. One argument against the IQ-achievement 

discrepancy is that IQ is not a strong predictor of reading achievement and may only account for 

25% of the variance in elementary school-aged children’s reading performance (Aaron, 1997). 

Additionally, the relationship between reading and IQ is bidirectional, not unidirectional, such 

that IQ influences reading and reading influences IQ (e.g., vocabulary development; Aaron, 

1997). Third, the IQ-achievement discrepancy neither predicts one’s response to intervention nor 

provides guidance with recommendations for educational planning (Aaron, 1997; Gresham & 

Vellutino, 2010). Next, the IQ-achievement discrepancy model is often thought of as a “wait to 

fail” model, such that intervention is delayed until the discrepancy between IQ and achievement 

becomes large enough that the student qualifies for special education services (Fletcher, Coultier, 

Reschly, & Vaughn, 2004). Finally, and perhaps most importantly, the IQ-achievement 
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discrepancy assumes that there are inherent differences, in terms of cognitive processes, between 

children with RD and children without RD (Aaron, 1997). This issue about cognitive differences 

between children with RD and those with LRA who may not meet discrepancy criteria is 

discussed further below. In sum, researchers who argue against the use of IQ-achievement 

discrepancies for RD classification contend that the discrepancy paradigm either overidentifies 

or underidentifies children as having RD (Fletcher et al., 1994; Fletcher et al. 2004; Vellutino, 

Scanlon, & Lyon, 2003). 

To address problems with RD identification resulting from the IQ-achievement 

discrepancy paradigm, changes have been made to RD identification definitions in both IDEA 

(2004) and the DSM-5. More specifically, IDEA (2004) states that a severe discrepancy between 

IQ and achievement is no longer required to diagnose RD, and it is acceptable to use a process 

that is based on the child’s response to scientific, research-based intervention. According to the 

DSM-5, multiple sources of data, including developmental, medical, educational, and familial 

history records; previous academic reports; observations from teachers; and standardized 

assessment scores must be considered along with the child’s response to intervention in order to 

diagnose RD (APA, 2013). Also, the DSM-5 states that academic skills exist along a continuum, 

and there is no one cut-point that can be used to differentiate children with and without RD 

(APA, 2013). Given these new and alternative ways of identifying children with RD, the IQ-

achievement discrepancy model is being used less frequently.  

More recent models of RD identification. To replace the IQ-achievement discrepancy 

model, RD is now commonly diagnosed based on the progress a student makes towards 

achieving state age- or grade-level standards after receiving evidence-based intervention (EBI) in 

reading (Gresham, 2007; Kavale & Flanagan, 2007). This process is known as response to 
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intervention (RTI), and it involves the use of a systematic problem-solving process to identify 

specific reading deficits, implement EBIs, and monitor growth after intervention implementation 

(Gresham, 2007; Kavale & Flanagan, 2007). If a student does not make adequate progress after 

receiving an EBI for a designated amount of time, he/she may be diagnosed with an SLD. The 

RTI model is based on research that suggests children with the most impaired reading skills are 

those who are the hardest to remediate, and thus require the most intensive supports (Vellutino et 

al., 2004). This idea is discussed in more detail in a subsequent section. 

Another alternative method in which RD is diagnosed is using a pattern of strengths and 

weaknesses (PSW). Here, the student’s academic performance and/or intellectual ability is 

considered in light of his/her age, intellectual development, or state grade-level standards (Hale, 

Kaufman, Naglieri, & Kavale, 2006). If a student exhibits a significant weakness in reading and 

strengths in other areas, then he/she may be diagnosed with RD (Hale et al., 2006). 

Although these alternative methods of RD identification are common practice in schools, 

there is still a great deal of heterogeneity in the diagnosis of RD in both practice and research. 

First, it is important to note that individual states have the right to determine which identification 

model they will use, and, in fact, as of 2013, only 16% of states required the use of RTI for RD 

identification in their special education laws (Maki, Floyd, & Roberson, 2015). Accordingly, 

some schools still use an IQ-achievement discrepancy model of identification, while others use a 

PSW model or a RTI framework. Even within each identification model, states and school 

districts vary in their operationalization of certain parts of the identification model. For example, 

for those using an IQ-achievement discrepancy model, some may say that one’s achievement has 

to fall at least two standard deviations below his/her IQ, while others will say the difference only 

needs to be 1.5 standard deviations. Similarly, in an RTI framework, different criteria will be 
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used to determine what it means to make adequate progress in response to an intervention. For 

example, the number of weeks for which the intervention must be implemented or the number of 

interventions that must be tried before making an eligibility determination often varies. 

Similarly, in research studies, different criteria are used to diagnose RD. Some studies 

may adhere to a discrepancy model, while others use achievement cutoff scores (Shaywitz et al., 

1992b). Even for those who use cutoff scores there is variation in diagnostic procedures, as some 

use stricter criteria (e.g., below the 10th percentile), while others use more liberal criteria (e.g., 

below the 30th percentile). Thus, in both research and practice, there has been considerable 

variability in the way in which children with RD are identified, influencing not only which 

children are diagnosed with RD versus LRA but also who receives extra services in school.     

Low Reading Achievement (LRA) 

Despite these recent changes in RD definitions and identification, there are many children 

in school with low reading achievement (LRA) who do not receive special education services. In 

fact, in 2002, only 33% of fourth grade students who took a national standardized achievement 

test (i.e., NAEP) were considered proficient or advanced in reading (U.S. Department of 

Education, 2016). In 2015, the percentage of students proficient or advanced in reading increased 

to 40% (U.S. Department of Education, 2016). Although this was a significant increase, 34% of 

children performed at the basic reading level and 26% of children performed at the below basic 

level in 2015 (U.S. Department of Education, 2016). Thus, over half of fourth-graders sampled 

in 2015 did not meet grade-level expectations in reading. 

These low achieving children, however, are not necessarily identified to receive special 

education services. Accordingly, there are three possible reasons to explain why children with 

LRA may not be identified to receive special education services as a result of RD. First, these 
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children may have been evaluated for special education services but were determined ineligible. 

They may have been found ineligible, because they did not meet the school’s eligibility 

determination criteria. For example, a school using an achievement-IQ discrepancy model of 

identification may fail to find a student eligible if there is not a large enough discrepancy 

between his/her achievement and IQ. Similarly, a school using a RTI model of identification may 

fail to find a student eligible if he/she responds to intervention. A second reason to explain why 

children with LRA may not be identified to receive special education may be because of other 

exclusionary factors, such as environmental (e.g., lack of adequate instruction) and/or cultural 

factors (e.g., language) that account for the LRA. Lastly, children with LRA may mistakenly not 

be identified as result of going unnoticed or unreferred. 

These low achieving children who are not identified for special education services are 

often called garden-variety poor readers, meaning that their reading achievement scores are 

consistent with their ability (Stanovich, 1986, 1988, 1991). In one of first studies that 

investigated LRA, Rutter and Yule (1975) used the term reading backwardness to describe 

children with LRA, in contrast to specific reading retardation to describe children with RD. From 

their research, the authors proposed that children with general reading backwardness were 

different from children with specific retardation (Rutter and Yule, 1975). However, research has 

since discredited some of their findings as a result of methodological flaws, which are described 

further below (e.g., Shaywitz, Escobar, Shaywitz, Fletcher, & Makuch, 1992a; van der Wissel & 

Zegers, 1985). In consequence to these original studies, there has been a significant amount of 

work to determine what it means to be a student with LRA and how this may differ from a 

student diagnosed with RD.  
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Distribution of Reading Achievement 

In examining how LRA may differ from RD, it is important to point out the research that 

supports a normal distribution of reading achievement (Shaywitz et al., 1992a). Originally, it was 

suggested that RD was distinct from other, more generic reading problems. More specifically, 

Rutter and Yule (1975) argued that reading ability was bimodally distributed, or that RD 

represented the extreme lower tail of the distribution with its own hump. However, Rutter and 

Yule’s (1975) results were complicated by methodological issues. First, the measures of reading 

achievement likely imposed a ceiling on reading scores, which may have skewed the data and 

created this lower hump (Shaywitz et al., 1992a). Second, Rutter and Yule (1975) did not apply 

any exclusionary criteria to their study, such that 36% of the children with LRA had diagnosed 

or suspected neurological disorders (e.g., cerebral palsy, epilepsy), and many also had IQ scores 

consistent with intellectual disability. Including children with neurological disorders may have 

inaccurately represented the group of children with LRA, making them appear more distinct 

from the RD group than they actually were. Accordingly, the bimodal distribution model of 

reading achievement has not been replicated by other researchers (e.g., Lewis, Hitch, & Walker, 

1994; Jorm, Share, Matthews, & Matthews, 1986; Rodgers, 1983; Stevenson, 1988; Shaywitz et 

al., 1992a). 

Shaywitz et al.’s (1992a) research suggests that reading ability is normally distributed 

and exists on a continuum. By examining IQ-achievement discrepancies of 414 children, 

researchers determined that no distinct cutoff point can distinguish children with RD from 

children with normal reading achievement (Shaywitz et al., 1992a). In other words, children with 

RD represent the lower end of the normal distribution and children with no reading difficulties 

represent the other end of the distribution. Those with LRA, who do not have a diagnosis of RD, 
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therefore, fall somewhere between those with severe RD and those with high reading ability. 

Even further, Shaywitz et al. (1992a) found that only 28% of children classified as RD in first 

grade remained classified as RD in third grade, suggesting that there is some instability and 

fluidity in RD diagnosis. Consequently, this research provides evidence that children with RD 

are not necessarily discrete from children with LRA, and ultimately, Shaywitz et al. (1992a) state 

that RD “is not an all-or-none phenomenon but, like hypertension and obesity, occurs in varying 

degrees of severity” (p. 149). In light of these findings, Shaywitz et al. (1992a) recommend that 

educational professionals reconsider the provision of special education services that is based on 

an arbitrary cutoff, so that those who do not meet these criteria still receive support.  

Neurocognitive Differences Between RD and LRA Profiles 

 In further support of this idea that reading ability exists on a continuum, researchers have 

examined differences across groups of children with RD who meet IQ-achievement discrepancy 

criteria and those with LRA who do not meet discrepancy criteria. Overall, there is conflicting 

evidence about whether children with RD and low achievers can be differentiated. On the one 

hand, Fuchs and colleagues (Fuchs et al., 2002) argue that RD and LRA groups can reliably be 

differentiated using cognitive and achievement variables. In fact, Fuchs et al. (2002) found an 

average effect size of 0.61 to support their argument that the two groups can be distinguished 

based on their reading achievement and IQ scores. However, Stuebing et al. (2002) points out 

that Fuchs et al. (2002) used the same variables to both differentiate the groups and to define the 

groups, which may have created inaccurately high effect sizes.  

On the other hand, researchers have failed to find differences in cognitive abilities and 

achievement when comparing the two groups. For example, Shaywitz, Fletcher, Holahan, and 

Shaywitz (1992b) did not find any differences across nine cognitive domains, including phoneme 
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deletion, visual-spatial deletion, verbal short-term memory, nonverbal short-term memory, 

speech production, vocabulary/word finding, rapid naming, visual-motor, and visual attention 

between children who met RD discrepancy criteria and those with non-discrepant LRA. 

Similarly, an early study by Ysseldyke et al. (1982) compared 50 fourth-grade children with RD 

who received special education services to 49 fourth-grade children with LRA who did not 

receive special education services on 49 psychometric measures. Measured domains included 

cognitive (e.g., WISC-R), achievement, perceptual-motor, and behavior/emotion (Ysseldyke et 

al., 1982). The results indicated that there was an 82-100% overlap between the groups’ scores 

on all of the administered measures with a median overlap of 96% (Ysseldyke et al., 1982). 

Thus, these authors argue that there were no clinical differences in the performance of these two 

groups across a wide range of psychometric measures (Ysseldyke et al., 1982). In this study, 

however, demographic variables were not controlled, and the discrepancy criteria used by the 

school to make RD diagnoses is unknown. In addition, due to the cross-sectional design of this 

study, one is not able to determine whether the overlap between these two groups remains 

constant or whether it changes over time. 

Despite the limitations of the Ysseldyke et al.’s (1982) study, two independent meta-

analyses have demonstrated that effect sizes on measures of achievement and cognitive 

functioning between children with RD who meet discrepancy criteria and children with non-

discrepant LRA are at best small (Hoskyn & Swanson, 2000; Stuebing et al., 2002). More 

specifically, based on a meta-analysis of 19 studies, Hosykn and Swanson (2000) found no 

clinically significant differences (i.e., small effect sizes) on measures of phonological processing 

(i.e., pseudoword decoding, rapid naming) between the RD and LRA groups, suggesting that a 

phonological processing deficit is at the core of underlying reading deficits in children both with 



 

	 34 

IQ-achievement discrepant RD and those with non-discrepant reading problems. Perhaps more 

importantly, when all of the cognitive measures (i.e., syntactical knowledge, lexical knowledge, 

visual-motor skills, spatial processing) along with the phonological processing measures were 

included in the model with control variables (i.e., verbal IQ, age), any significant differences 

between the two groups on measures of lexical knowledge, syntactical knowledge, and visual-

spatial processing disappeared (Hosykn & Swanson, 2000). Thus, the authors suggest that 

differences in these cognitive processes were an artifact of certain control variables (e.g., age, 

verbal IQ), so the cognitive processes themselves do not necessarily distinguish the two groups 

(Hosykn & Swanson, 2000).  

In a meta-analysis of 46 studies, Stuebing et al. (2002) found similar results to those of 

Hoskyn and Swanson (2000). In comparison to Hoskyn and Swanson (2000), Stuebing et al. 

(2002) used more lenient criteria to define the groups. Even though Stuebing et al. (2002) used 

less stringent inclusionary criteria, they found similar results to Hoskyn and Swanson (2000). 

Overall, negligible effects across behavior and achievement domains and small effects for the 

cognitive ability domain were found (Stuebing et al., 2002). Related to achievement, Stuebing et 

al. (2002) found no meaningful differences on the four constructs most closely related to reading, 

including phonological awareness (d = -0.13), rapid naming (d = -0.12), vocabulary/lexical skills 

(d = -0.10), and verbal short-term memory (d = 0.10; Stuebing et al., 2002). Within the cognitive 

domain, some differences between the groups (i.e., fine motor, concept formation, spatial, 

planning, perceptual-motor, nonverbal short-term memory), with small to medium effects, were 

found (Stuebing et al., 2002). However, Stuebing et al. (2002) argue that (1) none of these 

constructs have been shown to be strongly linked to reading ability, (2) other research indicated 

poorer performance on similar measures by poor readers in comparison to good readers 
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irrespective of how poor readers were defined (Doehring, 1978; Lyon, 1985; Rourke, 1975; 

Vellutino, 1979), and (3) when more complex, multivariate models include verbal and nonverbal 

measures, the nonverbal measures do not account for much of the variance in reading 

achievement (Fletcher, Foorman, Shaywitz, & Shaywitz, 1999; Shankweiler & Crain, 1986; 

Share & Stanovich, 1995). Moreover, the RD and LRA groups performed similarly on measures 

most closely linked to reading proficiency, including phonological awareness, rapid naming, 

verbal short-term memory, and vocabulary/lexical skills, which supports the phonological theory 

of RD, or that problems with phonological awareness underlie reading difficulties (Stuebing et 

al., 2002). 

Two additional studies have found evidence to support children with RD and LRA as 

having a core deficit in phonological awareness. First, 79-98% of the sample was consistently 

identified as RD using different criteria of ability, achievement, and severity, making it 

impossible to accurately separate subgroups of poor readers (Fletcher et al., 1994). In other 

words, it was impossible to separate different subgroups of poor readers based. Second, Fletcher 

et al. (1994) suggest that the main correlate of reading difficulties was always related to 

linguistic processes, which further supports the phonological hypothesis of RD and the idea that 

reading ability exists on a continuum. 

Similarly, in a study of 907 children with either RD or LRA, Stanovich and Siegel (1994) 

found that across seven measures of phonological processing, only two were significantly 

different between the two groups, but effect sizes were small (-0.098 and -0.091). Although the 

effects were small, the children with RD outperformed the LRA group, which is further evidence 

to support that both children with RD and LRA have impairments in phonological awareness 

(Stanovich & Siegel, 1994). However, Stanovich and Siegel (1994) found that the RD group 
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outperformed the LRA group on measures of working and short-term memory, which are 

domains they argue reside outside of phonological processing. Although there are some 

discrepancies regarding the areas in which children with RD and LRA may differ, the most 

prevalent finding from these studies and meta-analyses is that both groups exhibit a core 

phonological processing deficit, and such groups cannot be distinguished based on this deficit. 

Accordingly, given that RD and LRA groups experience similar reading difficulties, it is 

necessary to examine the services and supports provided to these students and whether there are 

differential effects of intervention. 

Services and Supports for Students with RD and LRA 

 By and large, a big part of the debate about differentiating students with RD from 

students with LRA is related to how they respond to services and intervention. Controversy 

exists as to whether children with LRA should be provided the same intensive 

services/intervention as children with diagnosed RD (e.g., Allington & McGill-Franzen, 1989; 

Shaywitz et al., 1992a; Siegel, 1992). Prior to the reauthorization of IDEA in 2004, children who 

were found eligible to receive special education services as a student with RD based on a 

discrepancy model received extra support via special education. This extra support varied from 

placements in a self-contained classroom, pull-out services in the resource room, or push-in 

services within the general education classroom.  

Also prior to the reauthorization of IDEA in 2004, for those students who did not qualify 

for special education, they were likely provided with remedial help within their classroom under 

the guidance of the general education teacher. However, given the demands of a large classroom, 

it was difficult for teachers to find the time to provide the instruction at its needed intensity 

(Mathes & Torgesen, 1998). It is also possible that children who were found ineligible for 
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special education would be eligible to receive additional help under the school’s Title I program, 

which provides federal financial support for the education of economically disadvantaged 

children, usually in pull-out programs (Allington & McGill-Franzen, 1989). Accordingly, there 

was not only an obvious distinction between the services provided to students with diagnosed 

RD and those with LRA but also the effectiveness of both types of services may be questionable.  

 Research has examined the reading support and services provided to students with RD in 

special education. First, a main concern is that children in special education have lower 

achievement outcomes than children in general education classrooms. One study that specifically 

investigated differences in grades between ninth-grade students with RD and those with LRA 

found that students with RD had significantly lower grades in science, health, and overall GPA 

(Donahoe & Zigmond, 1990). Second, research has found that there is a significant amount of 

variability in the time that students in special education actually spend in reading instruction. 

According to Allington and McGill-Franzen (1989), some students in special education receive 

nearly no reading instruction at all, while others receive significantly more reading instruction 

than their peers in general education. In some instances, students in special education who spent 

time in both the resource room and general education classroom were found to receive the same 

amount of reading instruction as their peers in the general education, such that these students did 

not receive additional or supplemental reading instruction (Hayne & Jenkins, 1986). Relatedly, 

one study found that children with RD who were mainstreamed in general education classrooms 

received significantly fewer minutes of reading instruction over the school day compared to 

students who received Title I programming (Allington & McGill-Franzen, 1989).  

Furthermore, researchers have found that the quality of reading instruction in special 

education classrooms is no better or more intensive than the instruction provided in general 
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education classrooms (Dworet, 1987; Morsink, Soar, Soar, & Thomas, 1986; Vaughn, Levy, 

Coleman & Bos, 2002). One study found that special education for children with RD offered a 

smaller proportion of active teaching and a larger proportion of seat work activities compared to 

general education classrooms and Title I programs (Allington & McGill-Franzen, 1989). Still, 

students in both special education and Title I pull-out programs have been found to receive 

disjointed and inconsistent programs that do no align with the general education reading 

curriculum (Johnston, Allington, & Afflerbach, 1985; Moody, Vaughn, Hughes, & Fischer, 

2000; Spear-Swerling & Sternberg, 1996; Vaughn, Moody, & Schumm, 1998). 

 More recently, a study was conducted to examine the effectiveness of reading instruction 

in resource rooms for students with learning disabilities (Bentum & Aaron, 2003). In the sample, 

students were determined eligible to receive special education services based on the IQ-

achievement discrepancy model (Bentum & Aaron, 2003). There were 230 students in grades 

one through seven who received at least three years of services, and 164 students in grades one 

through seven who received at least six years of services (Bentum & Aaron, 2003). Students in 

the sample spent between 40 and 120 minutes in the resource room each day (Bentum & Aaron, 

2003). Although the researchers did not control for any confounding variables, results indicated 

that those who received instruction in the resource room for three or six years experienced no 

improvement in reading achievement (decoding and comprehension), but experienced a 

significant loss in spelling performance (Bentum & Aaron, 2003).  

 Similar to the concerns raised regarding the effectiveness of special education services, 

government officials, policy makers, and researchers have also presented more general concerns 

about the ability of the nation’s schools to teach all children how to read, not just those with 

diagnosed disabilities. As described at the outset of this literature review, before the 
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implementation of RTI and the movement towards systematic research-based instruction, there 

were significant concerns regarding the reading achievement of students in the United States. To 

ameliorate these concerns, Mathes and Torgesen (1998) proposed that in schools, there must be a 

unique balance between “(a) early identification of children at risk for reading failure followed 

by (b) carefully designed intense early reading instruction incorporating systematic, explicit 

instruction in alphabets reading skills, balance with meaningful experiences with authentic texts 

and writing and (c) continued support beyond the initially acquisition of reading skill to ensure 

continued growth into the upper grades” (p. 319). From the work of researchers as well as from 

federal initiatives to improve reading achievement both at the policy level (e.g., NCLB, 2002) 

and at the implementation science level (e.g., National Reading Panel, 2000; Snow et al., 1998), 

changes have been made to the way in which reading instruction and intervention is delivered to 

all students, including those with LRA and RD. 

Differential Response to Intervention 

When IDEA was reauthorized in 2004 and RTI frameworks for eligibility decisions 

became more popular, researchers started to investigate the validity of this model and its ability 

to differentiate students with RD who would require special education services from those with 

LRA who would respond to evidence-based, intensive intervention in the general education 

setting. First, however, it is necessary to define what it means to be unresponsive to intervention. 

Non-responders are those who do not make adequate reading progress despite receiving 

evidence-based instruction (O’Conner & Klingner, 2010). However, the field has not yet come to 

a consensus on what defines adequate reading progress (McMaster, Fuchs, Fuchs, & Compton, 

2005), and researchers vary on how they define unresponsiveness (i.e., performing within the 

10th-50th percentile after intervention; Torgesen, 2000; Vellutino, Scanlon, Zhang, & 
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Schatschneider, 2008). The argument about unresponsiveness is important, nonetheless, because 

it lies at the foundation for determining which students should be classified as RD and 

subsequently receive special education services. In other words, the argument is that children 

who respond to evidence-based intervention do not need special education services, while those 

who continue to have difficulties even after receiving intervention should be determined eligible. 

Vellutino and colleagues have conducted seminal work in this area. Vellutino et al. 

(1996) and Vellutino, Scanlon, and Lyon (2000) evaluated whether those with reading 

difficulties caused by limited early literacy experiences and/or less than adequate literacy 

instruction responded differently to intervention than those with reading difficulties as a result of 

underlying cognitive deficits related to reading ability (e.g., phonological awareness). These 

researchers conducted a longitudinal study in which children’s reading achievement and related 

cognitive abilities were assessed from kindergarten through fourth grade (i.e., before and after 

they received intervention; Vellutino et al., 1996). After one semester, the children who received 

the intervention were ranked based on their growth, and four groups were formed: very limited 

growth (VLG), limited growth (LG), good growth (GG) and very good growth (VGG; Vellutino 

et al., 1996). The results suggested that the four groups did not differ on measures of intelligence, 

and none of the groups differed from the group of normal readers with average IQ (Vellutino et 

al., 1996). Contrastingly, children who were difficult to remediate differed significantly from the 

easily remediated children on measures of phonological awareness (e.g., knowledge of letter 

names and sounds, phoneme awareness, letter-sound decoding, verbal memory; Vellutino et al., 

1996). Hence, measures of intelligence were unable to distinguish different degrees of struggling 

readers, but their performance on reading-related measures after intervention did distinguish 

them as readily remediated or difficult to remediate. 
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The findings of Vellutino and colleagues’ studies in 1996 and 2000 were further 

supported by more recent research (Vellutino et al., 2006; Vellutino, Scanlon, Zhang, & 

Schatschneider, 2008). Here, kindergarten children at risk for reading difficulties were randomly 

assigned to receive either reading intervention or remedial services in school as usual (Vellutino 

et al., 2006). After receiving the intervention for one year, the students in first grade were 

grouped based on whether they were still at continued risk (Vellutino et al., 2006). Then, half of 

those who were at continued risk received additional one-to-one intervention throughout first 

grade, while the others received school-based intervention as usual (Vellutino et al., 2006).  

First in regard to these findings, approximately 84% of the at-risk children became 

average readers after either the kindergarten intervention or both the kindergarten and first grade 

intervention combined (Vellutino et al., 2006). Second, 58% of the children who continued to be 

at risk after kindergarten performed in the average range on all reading outcome measures at the 

end of first, second, and third grades (Vellutino et al., 2006). Nevertheless, 42% of the children 

in the continued risk group performed below average on reading outcome measures at the end of 

second and third grade, even though they performed in the low average to average range on these 

measures at the end of first grade (Vellutino et al., 2006). These children whose performance 

decreased over time were called difficult to remediate, while those whose performance became 

average after the kindergarten and first grade intervention were called less difficult to remediate 

(Vellutino et al., 2006). In all, only 16% of the original kindergarten at-risk sample demonstrated 

substantial reading difficulties at the end of second and third grades (Vellutino et al., 2008).  

Interestingly, none of the first-grade baseline scores accounted for significant variance in 

the reading measures (Vellutino et al., 2006). This suggests that the children in the difficult to 

remediate and less difficult to remediate groups had comparable levels of reading skill at the 



 

	 42 

beginning of first grade. In contrast, the gain scores used as measures of response to first grade 

intervention accounted for significant variance on all of the reading outcome measures 

administered at the end of second and third grades (Vellutino et al., 2006). Accordingly, the 

authors posit that IQ and baseline achievement scores do not predict response to intervention, but 

more direct measures of response to intervention can strongly predict the intervention’s effects 

(Vellutino et al., 2008). These findings are further supported by studies that examined 

characteristics of children who responded and did not respond to intervention.  

In general, phonological awareness, rapid naming, verbal working memory, and oral 

language/vocabulary are believed to be the cognitive characteristics that can best differentiate 

responders from non-responders (Berninger et al., 2002; Case, Speece, & Molloy, 2003; Denton 

et al., 2013; Fletcher et al., 2011; Frijters et al., 2011; Vellutino et al., 2006). According to 

Stuebing et al. (2015), phonological awareness and rapid naming account for about 20-25% of 

the variance in reading outcomes after intervention, whereas IQ only accounts for 7% of the 

variance in response to reading intervention. Still, not to discount the importance of IQ, Fuchs 

and Young (2006) found that IQ explained 15% of the variance in reading comprehension when 

the reading intervention was comprehensive and 12% when the intervention was training in 

phonological awareness only. Thus, some researchers argue that IQ plays an important role in 

children’s response to reading intervention (Fuchs & Young, 2006). 

Nonetheless, Al Otaiba and Fuchs (2002) conducted a meta-analysis that identified 

children as responders or non-responders and found that a key characteristic of non-responding 

children was their phonological awareness. In fact, 70% of the reviewed studies found that 

phonological awareness was a crucial correlate of treatment unresponsiveness (Al Otaiba & 

Fuchs, 2002). They also found that phonological memory, rapid naming, intelligence, 
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attention/behavior, and orthographic processing played a role in children’s responsiveness to 

intervention. Similarly, Nelson, Benner, and Gonzalez (2003) conducted a meta-analysis and 

found that rapid naming, problem behavior, phonological awareness, alphabetic principle, 

memory, and IQ were the variables that influenced treatment response. In addition, Vaughn, 

Linan-Thompson, and Hickman (2003) propose that oral reading fluency can also distinguish 

between responders and non-responders. In their study of second-grade children at risk for RD, 

Vaughn et al. (2003) found that children who responded to intervention after 30 weeks and those 

who never responded to the 30-week intervention did not differ on oral reading fluency measures 

at pre-test, yet at post-test, responders read significantly faster than non-responders. Hence, there 

appears to be reading correlates (e.g., phonological awareness, rapid naming) that distinguish 

those children with reading difficulties who respond to intervention and those who do not. 

Still, there is research that demonstrates that even those with the most severe reading 

difficulties who are considered non-responders can in fact improve their reading skills; however, 

whether they catch up to same-age peers is debatable (e.g., Denton et al., 2006; Lovett et al., 

1994; Torgesen, 2001, 2002; Vaughn et al., 2012). For example, Torgesen et al. (2001) found 

that 8- to 10-year-old poor readers who made nearly no progress in reading over a 16-month 

period in their special education class made significant improvements in decoding and 

comprehension skills, after they were given two hours of daily one-to-one tutoring for eight 

weeks. In fact, 40% of the children were no longer in need of special education services within 

one year following the intervention (Torgesen et al., 2001). Still, although the students’ reading 

accuracy and comprehension were in the average range after the follow-up period, their oral 

reading fluency rate remained severely impaired (Torgesen et al., 2001). Accordingly, though 

these difficult-to-remediate children made progress, they did not improve in all areas and catch 
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up to their peers. Moreover, in a study of first- to third-grade children with persistent reading 

deficits, Denton et al. (2006) found that students’ decoding, fluency, and comprehension 

significantly improved after intensive intervention; however, many students still remained below 

average. Similarly, for older children in middle school, intensive reading intervention may 

significantly improve their standardized scores, but they may continue to lack grade-level 

proficiency (Vaughn et al., 2012). Overall, much of this work on intervention studies with non-

responders exemplifies that although some make progress after receiving additional intervention, 

many continue to struggle with reading, performing below what is expected for their age. 

Subsequently, in order to understand the overall reaching achievement of children with RD and 

with LRA, longitudinal research must be examined. 

Longitudinal Trends in Reading Achievement 

When thinking about the longitudinal trends in reading achievement, a concept called a 

Matthew effect is important to consider. A Matthew effect in education refers to the idea that the 

rich get richer and the poor get poorer (Stanovich, 1986, 1988; Walberg & Tsai, 1983). In other 

words, those who have the greatest academic skills at the start will get stronger throughout 

schooling, while those with the poorest academic skills will get weaker throughout schooling. 

First, the Matthew effect assumes that skill differences between poor and good readers remain 

stable over time (Morgan, Farkas, & Hibel, 2008b). Second, based on a Matthew effect, rates of 

growth should be slower for those with initially poor achievement and more rapid for those with 

higher achievement at the outset, which leads to an increasing achievement gap over time.  

To date, there is inconsistent evidence as to whether a Matthew effect exists for reading 

(Protopapas, Parrila, & Simos, 2016). While some research suggests that the gap between poor 

and good readers widens over time (Bast & Reistma, 1998; Juel, 1988; McKinney, 1984; 
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McNamara, Scissons, & Gutknecth, 2011), other research suggests that this gap does not widen 

over time (Aarnoutse & van Leeuwe, 2000; Aunola, Leskinen, Onatsu-Arvilommi, & Nurmi, 

2002; Catts et al., 2003; McCoach et al., 2006; Parrila et al., 2005; Phillips et al., 2002; 

Scarborough & Parker, 2003; Shaywitz et al., 1995). In regard to the research that suggests that 

the gap between high achievers and low achievers does not widen over time, Shaywitz et al. 

(1995) explains that those who are initially poor readers have a rate of reading development that 

is faster than high achievers; however, their reading skills never reach the level of their high-

achieving counterparts. Similarly, Scarborough and Parker (2003) found evidence to suggest that 

the lower the initial reading skills of children, the faster their growth rate will be.  

Other research also supports this idea that the gap between the achievement of children 

with RD versus those with typical reading remains stable over time or even narrows slightly time 

(Catts et al., 2003; Parrila et al., 2005; Pfost, Hattie, Dorfler, & Artelt, 2014; Phillips et al., 2002; 

Shaywitz et al., 1995). The narrowing of this gap over time has been termed the compensatory 

trajectory of reading development (Leppänen, Niemi, Aunola, & Nurmi, 2004; Parrila et al., 

2005). According to this view, children with initially lower reading skills may catch up to their 

peers, whereas those with initially higher reading skills may display slower growth (Aarnoutse, 

van Leeuwe, Voeten, & Oud, 2001; Aunola et al., 2002; Leppänen et al., 2004; Parrila et al., 

2005; Phillips et al., 2002). Some researchers propose that the period of development that is 

studied influences whether a compensatory trajectory or a Matthew effect is found. For example, 

Bast and Reistma (1998), McKinney (1984), and McNamara et al. (2011), all of whom found 

evidence for a Matthew effect, only studied reading development between kindergarten and third 

grade. Yet, when other researchers examined growth over a longer time period, for example from 

first to sixth grade, there was no evidence of a Matthew effect (e.g., Aarnouste & van Leeuwe, 
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2000; Phillips et al., 2002). Similarly, the way in which reading achievement is defined in 

research (e.g., individual reading-related processes versus broad reading achievement) may also 

contribute to whether a Matthew effect or a compensatory trajectory is found. Hence, based on 

this research, it is plausible that although children with RD likely never catch up to their non-RD 

peers in terms of achievement, they exhibit a faster rate of progress, which prevents them from 

falling even further behind (Huang, Moon, & Boren, 2014; Scarborough & Parker, 2003). 

In contrast to this research that has found faster rates of improvement for children with 

RD, there is other research to suggest that the reading skills of children with RD improve at the 

same rate or even more slowly than their peers with typical reading skills. First, in their work to 

examine the effectiveness of special education, Morgan et al. (2010) found that when matched on 

characteristics related to the likelihood one will receive special education services (e.g., SES, 

gender, early reading skills), children receiving special education made statistically similar gains 

in reading achievement between third and fifth grade compared to those who did not receive 

special education services. Additionally, children in special education scored significantly lower 

than those not receiving services in fifth grade on a measure of reading achievement (Morgan et 

al., 2010). Interestingly, when covariates were not accounted for, those receiving special 

education services made significantly greater gains in reading scores between third and fifth 

grade compared to those who were not receiving services (Morgan et al., 2010). Therefore, in 

this study, results indicated that when matched to similar peers, children with disabilities did not 

grow at faster rates than their non-disabled peers and had lower reading achievement outcomes.  

Although Morgan et al. (2010) used a large sample (n = 363 in special education; n = 

5,995 not in special education), there are two relevant limitations to their work. First, researchers 

did not parse apart different disability categories, and the results for children with RD may differ, 
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for example, from children with Autism Spectrum Disorder (ASD). As demonstrated by the 

research on the compensatory trajectory of reading development, it is possible that children with 

RD narrow the achievement gap (Leppänen et al., 2004; Parrila et al., 2005); however, given that 

this study grouped all disabilities together, one cannot determine if such a finding holds true. 

Second, this study only utilized two time points (i.e., third and fifth grade) to examine growth 

trajectories over time. Including more time points would allow for a better determination of the 

effectiveness of special education. 

Despite the limitations of Morgan et al.’s (2010) study, there is further evidence to 

suggest that children with RD progress at slower rates in terms of reading development than 

children without RD. For example, in a study that used hierarchical linear modeling (HLM) to 

model reading and math growth trajectories of children with learning disabilities (LD), Morgan 

et al. (2011) found that compared to children without LD, children with LD had the lowest scores 

at each time point as well as the lowest scores as the end of fifth grade. The LD group also 

displayed a slower rate of growth in reading achievement between the spring of kindergarten and 

fifth grade (Morgan et al., 2011). In addition, by the end of fifth grade, the gap between the LD 

group and group of children without disabilities widened; however, there was not statistically 

significant evidence of a Matthew effect in reading (Morgan et al., 2011).  

It is important to note that Morgan et al. (2011) utilized a small sample size of children 

with learning disabilities (n = 20), and researchers did not separate the LD group into the 

different types of LD (e.g., reading, writing, math). Thus, results of this study may not generalize 

specifically to children with RD. Additionally, this study only considered the growth trajectories 

of children with diagnosed RD, or those who were receiving special education services (Morgan 

et al., 2011). As a result, children with LRA who were not identified as RD were included in the 
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control group of children without Individualized Education Programs (IEPs). Furthermore, given 

the time points that they used, the students’ reading scores at kindergarten entry as well as 

differences in outcomes over a longer period of time (i.e., past fifth grade) were not examined 

(Morgan et al., 2011). Also of importance, the LD group was identified based on whether they 

had an IEP in the spring of kindergarten (Morgan et al., 2011); however, identification of 

learning disabilities in very early grades is often inaccurate (Rathvon, 2004; Scarborough, 1998). 

Other research that examined special education outcomes in high-poverty schools 

implementing the Reading First initiative supports this finding of slower growth. For example, 

Sanford, Park, and Baker (2011) found that students in special education had slower growth rates 

on measures of oral reading fluency and reading proficiency. In addition, Katz et al. (2008) 

found that students with a SLD or a speech language impairment (SLI) had slower growth on 

measures of oral reading fluency, listening comprehension, and word analysis compared to 

children without disabilities from the beginning of second grade to the end of third grade. 

However, relative to their scores at the beginning of each year, the group with disabilities made 

significant progress in oral reading fluency each year. Still, it is important to note that both of 

these studies did not specifically examine children with RD; rather, those with RD were grouped 

with students with other types of disabilities.  

In sum, the above described longitudinal research studies on children with RD indicate 

conflicting results. While there is some evidence to suggest that children with RD have faster 

reading growth rates than children without RD (Catts et al., 2003; Parrila et al., 2005; Phillips et 

al., 2002; Shaywitz et al., 1995), there is other evidence that suggests children with RD progress 

either at similar rates or more slowly than good readers (Katz et al., 2008; Morgan et al., 2010; 

Morgan et al., 2011; Sanford et al., 2008). Regardless of whether children have faster or slower 
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growth rates, most of the evidence substantiates the idea that children with RD never catch up to 

their same-age peers in terms of their reading skills and frequently exhibit lower reading scores 

than their peers over time. Nonetheless, the work related to the reading growth of children with 

RD over time utilized small samples, did not examine extended periods of time (i.e., maximum 

of kindergarten through fifth grade), and did not always look at the trajectories specific to 

students with RD. Notably, none of these studies differentiated children with RD from children 

with LRA in their samples, which is necessary to do in order to understand whether there are 

differences between the two group’s reading achievement over time. 

Longitudinal Trends in Reading Achievement Between RD and LRA Groups 

To start, it is important to point out that research that compares the reading achievement 

between children with RD and children with LRA is scarce. In fact, only three studies were 

found that claim to examine growth trajectories over time. Unfortunately, one study conducted 

by Jorm et al. (1986) assessed the reading and cognitive ability of 14 children with RD, 25 with 

LRA, and 414 normal readers between kindergarten and second grade, but the authors did not 

conduct any sort of analysis to allow for the comparison of trends in reading development over 

time. 

Nonetheless, Francis et al. (1996) used individual growth curve analysis to examine the 

developmental lag hypothesis of RD between children with discrepancy-based RD and children 

with non-discrepant LRA. The developmental lag hypothesis suggests that children who are poor 

readers will eventually catch up to their peers who are good readers, such that there would be no 

differences in the end points of their reading and cognitive development (Francis et al., 1996). 

Francis et al. (1996) describe how previous research suggests that lag models may best explain 

the reading development of low achievers, if they have a better prognosis of catching up to their 
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non-impaired peers, whereas a deficit model best explains the reading development of children 

with RD, it they do not catch up to their non-impaired peers. Further, if the developmental 

trajectories were found to be different between the two groups, then this would provide evidence 

that the two group represent different types of RD (Francis et al., 1996).  

To conduct the study, Francis et al. (1996) longitudinally examined the reading 

performance (i.e., decoding, pseudoword decoding, comprehension) of children with RD (n = 

29), children with LRA (n = 34), and children with average reading (n = 301) once per year 

between first and ninth grade. First, they hypothesized that for both groups, growth would be 

nonlinear, showing an initial pattern of rapid acquisition followed by slowing in the rate of 

change (Francis et al., 1996). After controlling for gender, race, and socioeconomic status  

(SES), results indicated that the RD and LRA groups were not significantly different from each 

other, in terms of starting points, rates of change, and rates of acceleration (Francis et al., 1996). 

These results are consistent with a deficit model (Francis et al., 1996). In other words, both the 

RD and LRA groups never caught up to their same-age peers with normal reading ability.  

When children in the RD group who were not low achieving (i.e., performing above 25th 

percentile) were removed from the group, the RD group was found to have a significantly lower 

mean plateau than the LRA group (Francis et al., 1996). This means that while the two groups 

plateaued, or stopped progressing in terms of reading achievement at the same age (i.e., around 

15 years), the RD group had a lower level of achievement at this plateau. This data further 

supports Shaywitz’s (1992a) findings that reading ability exists on a continuum, with those with 

RD representing the lower tail. Furthermore, the results suggest that children with RD and LRA 

progress at relatively similar rates and do not catch up to their peers. 
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Although Francis et al. (1996) utilized a strong longitudinal model, the sample size was 

relatively small, affecting both generalizability and power to detect statistically significant 

effects. Time was centered at eight years of age, so whether the two groups differed at 

kindergarten entry is unknown. Additionally, because the authors defined the groups using their 

own criteria, they did not specify which students received special education services or 

intervention in school. Thus, one cannot hypothesize about the influence of special education on 

the students’ reading development over time. 

The final longitudinal study that examined differences between children with RD and 

with LRA was conducted by O’Malley, Francis, Foorman, Fletcher, and Swank (2002). From 

kindergarten through second grade, researchers compared 29 children with LRA, five with RD 

based on discrepancy criteria, 20 who met both LRA and RD criteria, and 325 normal readers 

across a number of reading-related skills (O’Malley et al., 2002). The authors used HLM to 

estimate individual growth parameters and examine growth in letter-sound knowledge, phonemic 

awareness, rapid naming of objects, rapid naming of letters, visual-motor integration, perceptual 

discrimination, spelling, and word reading (O’Malley et al., 2002). The results indicated that the 

two groups did not differ in terms of intercept, slope, and acceleration on five of the eight 

reading-related skills (i.e., phonemic awareness, rapid naming of objects, perceptual 

discrimination, spelling, and word reading; O’Malley et al., 2002). That is, the two groups did 

not differ in skill-level at the beginning of first grade, had similar growth rates, and had similar 

acceleration of skill development (O’Malley et al., 2002).  

For the other three reading-related skills, the two groups significantly differed on only 

one parameter for each of the skills. For letter-sound knowledge, the RD group demonstrated 

faster growth than the LRA group; however, this difference in the slope parameter was not 
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statistically significant (O’Malley et al., 2002). For rapid naming of letters, the RD group 

exhibited significantly less deceleration over time, and for visual-motor integration, the RD 

group had a higher mean-level of performance at the beginning of first grade (O’Malley et al., 

2002). Overall, the results of this study suggest that there are minimal differences in the early 

reading-related skills of children with RD and with LRA between kindergarten and second grade. 

Nonetheless, this study was limited by a number of factors. First, the sample size was 

small, so power to detect significant results may be inadequate. Second, this study did not look at 

an overall reading achievement composite; rather, only the reading-related skills were examined 

between kindergarten and second grade. Third, though researchers collected data at the 

kindergarten time point, they used first grade as the intercept. Thus, one cannot conclude that the 

two groups of children had similar reading-related skills at the start of kindergarten. Next, this 

study did not extend past second grade, so how similar or different the two groups looked in later 

grades is unknown. Lastly, because the authors determined group categorization based on their 

own criteria, whether participants received special education services was not discussed. 

Overall, the two studies conducted by Francis et al. (1996) and O’Malley et al. (2002) 

provide evidence that children with RD look more similar than different compared to children 

with LRA. However, there are a number of limitations to each of these studies and, thus, could 

be strengthened by future research. Perhaps, one of the biggest improvements that could be made 

to this research is to include information on special education eligibility. By only providing 

information about how the RD and LRA groups were defined for the research study (e.g., RD = 

achievement score was 1.5 standard errors below score predicted by IQ; LRA = achievement 

score below the 25th percentile) and not how they were classified in school, conclusions about 

the effectiveness of the services they received in school could not be made. In addition, larger, 
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nationally representative samples are needed in order to generalize the results of the research. 

Finally, using data over a longer period of time (e.g., kindergarten through eighth grade) would 

provide more information about whether the reading growth trajectories of students with RD and 

students with LRA differ over time.  

In many of the studies described above, researchers recognized the importance of 

considering factors aside from reading scores that affect reading development over time; thus, 

these additional factors were often used as control variables. For instance, Francis et al. (1996) 

controlled for gender, race, and SES. Morgan et al. (2011) controlled for age, SES, race, school 

type, and kindergarten retention. Unfortunately, from the O’Malley et al. (2003) study, it is 

unclear if they controlled for any additional variables. Other studies discussed above used 

covariates such as race, sex, age, grade, language status, SES, reading level, learning-related 

behaviors, preschool experiences, birth weight, number of siblings, etc. (Katz et al., 2008; 

Morgan et al., 2010; Sanford et al., 2008). In all, while there is some variability in which 

variables the researchers chose to control for, most researchers included age, gender, race, and 

SES at minimum. These important covariates are discussed further below. 

Factors that Influence Reading Achievement 

Accordingly, the current study recognizes the importance of not only within-child factors 

but also environmental factors that influence children’s interactions and subsequent reading 

development. The main environmental variable that are considered in this study is SES at the 

kindergarten assessment. There are also three within-child variables in addition to reading 

achievement that are considered. Such variables are age at the fall kindergarten assessment, 

gender, and race.  
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However, given the purpose and methodology of this study, there are some 

environmental and within-child variables that are not examined, but that it is not say that they do 

not play a role in children’s reading development. These variables are described below, followed 

by a discussion of the additional variables that are considered in the current study. 

Variables Not Controlled in the Current Study 

Possible covariates that are not included in the study are IQ, language, motivation, and 

early reading experiences (e.g., preschool; home-literacy environment). 

IQ. Although there is much research to suggest that the IQ-achievement discrepancy is an 

invalid way to identify students with RD, some researchers still argue that IQ plays an important 

role in predicting reading ability (Fuchs & Young, 2006; Tiu, Lee, Thompson, & Lewis, 2003). 

The current study, however, does not control for IQ, because the extant dataset does not have a 

measure of IQ. Nonetheless, since the data for this study were collected before and in the early 

years of the RTI movement, many of the students may have been found eligible or ineligible for 

special education on the basis of the IQ-achievement discrepancy. Still, to ensure that the 

students with significantly lower IQs are not included in the study, children with neurological 

conditions and intellectual disability are excluded.  

Language. There are two aspects of language that are important to consider. One is 

language ability and the other is the language the child speaks. Regarding language ability, RD is 

considered a language-based disorder that affects not only a child’s ability to read but also 

his/her ability to speak and spell (Shaywitz, 2003). Children with RD have also been found to 

have impairments in semantics and syntax (Gallagher, Frith, & Snowling, 2000; Snowling, 

Gallagher, & Frith, 2003). Given that language and early reading skills are intertwined and that 

there are a number of factors that influence a child’s language development (Holm, Crosbie, & 



 

	 55 

Dodd, 2007; Huttenlocher, Waterfall, Vasilyeva, Vevea, & Hedges, 2010), controlling for early 

language ability would remove differences in reading achievement scores that may be due to 

language development. Nevertheless, language ability is not controlled in the current study, as 

the extant dataset has no measure of language ability. 

Second, related to the relationship between the child’s English language status and 

reading, there is research to suggest that children who are English Language Learners (ELLs) 

have lower reading achievement compared to native English speakers (see August & Shanahan, 

2006 for review). However, there is much research to suggest that the lower reading achievement 

of ELLs is more complicated than just differences in their spoken language; rather, much of the 

difference between the reading achievement of ELLs and native-English speakers can be 

captured by race/ethnicity and/or SES. Approximately 72% of ELL students are Hispanic (Planty 

et al., 2008), and at least 75% of the ELL students across the United States are eligible for a free 

or reduced-price school lunch program (Zehler et al., 2003). Even further, Kieffer (2008) 

examined the reading growth trajectories of ELLs compared to native English speakers from 

kindergarten through fifth grade and found that once the child’s ethnicity and SES were taken 

into account, the growth trajectory was not affected by whether the child spoke a language other 

than English in the home. Thus, in order to maintain parsimony in the current model, the child’s 

English language status is not controlled, but other related variables such as SES and race are 

covariates in this study. 

Motivation. Children with reading difficulties are often unmotivated to read (Morgan, 

Fuchs, Compton, Cordray, & Fuchs, 2008c) and are less likely to practice reading (Guthrie, 

Wigfield, Metsala, & Cox 1999). Therefore, low motivation is believed to be a key factor 

underlying students’ long-term reading difficulties (Lepola, Poskiparta, Laakkonen, & Niemi, 
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2005; Sideridis, Morgan, Bostas, Padeliadu, & Fuchs, 2006). Morgan and Fuchs (2007) found 

that there is a reciprocal relationship between children’s reading skills and motivation to read, 

suggesting that both reading and motivation need to be the target of early intervention. In the 

current study, motivation is not used a covariate in order to retain the variance that motivation 

contributes to reading achievement scores. 

Early reading experiences. A child’s early reading experiences including whether they 

attend a high-quality preschool as well as their home-literacy environment can influence reading 

development. According to Snow et al. (1998), a preschooler who has fewer opportunities for 

acquiring knowledge pertaining to books and reading in the home is at a higher risk for 

developing reading difficulties than a child whose home allows for a richer literacy environment. 

Similarly, children with more preschool experience have been found to have higher achievement 

scores in second grade (Pianta & McCoy, 1997). Not surprisingly, both home-literacy 

environment and early childcare experiences are related to SES, as children from economically 

disadvantaged homes are less likely to have enriching home-literacy environments and attend 

preschool (Rathbun & Zhang, 2016; van Steensel, 2006). Therefore, in the present study, early 

reading experiences are not controlled, because SES is a covariate. 

Variables Controlled in the Current Study 

Covariates included in the study were gender, SES, race, and age. 

 Gender. Research suggests that there are gender differences in reading development. 

Girls have been found to develop reading skills more quickly than boys (Scheiber, Reynolds, 

Hajovsky, & Kaufman, 2015; Wolf & Gow, 1986). Girls have also been found to score higher 

than boys in reading, and a higher percentage of girls reach reading proficiency (NCES, 2002). 

Thus, it is possible that differences in reading achievement can, in part, be attributed to gender. 
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In addition, reading disabilities have been shown to be more prominent in boys than in 

girls (Rutter et al., 2004). Even when taking severity into account, boys tend to show more 

reading difficulties than girls (Olson, 2002). However, research in support of these findings is 

typically based on school- or clinic-referred samples. In schools, greater RD diagnoses may 

result from a greater number of boys being referred for special education services (Anderson, 

1997). Furthermore, results from epidemiological studies suggest that there are small to no 

significant gender differences in RD. For example, an epidemiological study of RD in 

Connecticut found a male-to-female ratio of 1.2:1, which further demonstrates the equal 

prevalence of RD across boys and girls (Shaywitz, Shaywitz, Fletcher, and Escobar, 1990). 

Accordingly, depending on the type of research and the way in which samples are accrued, the 

ratio of boys to girls with reading difficulties may vary, and as a result of this variation, it is 

important to control for the effects of gender on reading achievement.  

Socioeconomic status (SES). SES is an indicator of a child’s social status, and previous 

research has identified a relationship between SES and reading achievement (Denton & West, 

2002; Dickinson & McCabe, 2001; Molfese, Modglin, & Molfese, 2003). Generally, poverty has 

consistently been found to have negative effects on reading achievement (Denton & West, 2002; 

Lee, Grigg, & Donahue, 2007; Morgan et al., 2008b). Preschool measures of SES and home 

environment predict reading scores between 8 to 10 years of age (Molfese et al., 2003). More 

specifically, children from economically disadvantaged homes acquire oral language skills more 

slowly, exhibit delayed letter recognition and phonological sensitivity, and are at risk for reading 

difficulties (Hoff, 2013; Whitehurst & Lonigan, 1998). Additionally, reading outcomes have 

been found to be significantly related to certain factors of family context, such as home-literacy 

environment, number of books owned, parental distress, and receipt of center-based cared 
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(Aikens & Barbarin, 2008). Thus, SES is positively correlated with children’s reading 

achievement, as those parents with higher SES tend to be able to provide their children with 

more resources, academic opportunities, and verbally rich environments than those parents with 

lower SES (Davis-Kean, 2005).  

Furthermore, children with higher SES are more likely to be diagnosed with RD, whereas 

those with lower SES are more likely to be considered poor readers (Siegel & Himel, 1998). 

There is also research to suggest that the rate of special education placement for RD is 

significantly greater for children from low SES backgrounds than those not experiencing low 

SES (Blair & Scott, 2002). Consequently, in the schools, SES likely affects whether a child will 

receive special education services. Based on these findings, it is necessary to control for the 

differential effects of SES on reading achievement. 

More specifically, it is important to control for the effects of early SES, specifically at the 

kindergarten time point. There is now a copious amount of research to suggest that early 

economic disadvantage and adversity can have a significant effect on neurological development 

and learning (Blair & Raver, 2012; Brooks-Gunn & Duncan, 1997; Hair, Hanson, Wolfe, & 

Pollak, 2015; Johnson, Riis, & Noble, 2016; Yoshikawa, Aber, & Beardslee, 2012). Further, 

children living in poverty tend to have a physiological response to stress, indicated by increased 

levels of stress hormones, such as cortisol. Accordingly, researchers have found that the 

executive functions (e.g., working memory, inhibitory control, mental flexibility) and IQs of 

three-year-old economically disadvantaged children are negatively correlated with cortisol levels 

at 7-, 15-, and 24-months of age (Blair et al., 2011). This suggests that the relationship between 

poverty and the physiological response to stress (i.e., increased cortisol levels) are associated 

with intelligence and executive functioning, even before a child enters formal schooling. 



 

	 59 

Researchers have also found that children from lower-SES families perform worse on executive 

function measures at 54 months of age, and although low-SES and high-SES groups develop 

executive functions at the same rate, the gap in executive function performance between the two 

groups does not narrow over time (Hackman, Gallop, Evans, & Farah, 2015). fMRI studies have 

also provided evidence of neural differences in brain regions associated with language and 

executive functions between infants from high- and low-SES backgrounds (Tomalski et al., 

2013). These findings further point to the importance of the effects of early economic 

disadvantage on later cognitive development. In addition to executive functions and IQ, SES and 

poverty have a strong influence on children’s language skills, especially during early childhood 

(Demir & Küntay, 2014; Noble, Norman, & Farah, 2005). Therefore, it is important to control 

for SES at the earliest possible time point in order to (1) mitigate differential effects of SES on 

reading achievement, and (2) examine how early SES plays a role in later reading achievement in 

students with RD and LRA.  

Race/ethnicity. Children from racially/ethnically diverse groups, such as African 

American and Hispanic children, are disproportionately over-represented in special education 

(Coutinho & Oswald, 2000; Hosp & Reschly, 2003; Oswald, Coutinho, Best, & Singh, 1999), 

and federal and state legislation have not been effective in remediating this disproportionality 

(Albrecht, Skiba, Losen, Chung, & Middleberg, 2012). Over-representation in special education 

of racial minorities has also been documented specifically for students with learning disabilities 

(Coutinho, Oswald, & Best, 2003). 

Even though children of diverse racial groups are over-represented in special education, 

they have been found to have lower levels of achievement. For example, in a longitudinal study 

of reading achievement, Morgan et al. (2008b) found that African American, Hispanic, and 
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Asian children had slower rates of reading growth than White children, and African American 

children experienced the greatest increase in the gap relative to White children. Furthermore, 

Hispanic children entered school with significantly fewer reading skills than White children 

(Morgan et al., 2008b). As a result, it is important to control for the effects of race on reading 

achievement. 

 Age. Over recent years, the kindergarten curriculum had become increasingly focused on 

academics (Cosden, Zimmer, & Tuss, 1993); however, many parents are delaying kindergarten 

entry. Nonetheless, research on the effects of delaying kindergarten on achievement has been 

inconclusive. Some studies have found higher academic achievement for older kindergarten 

students (Stipek & Byler, 2001), while other research suggests that kindergarten age is not a 

good predictor of later achievement (Morrison, Griffith, & Alberts, 1997).  

Still, research indicates that reading is a developmental process that progresses with age, 

although there is variation among individual children (Snow et al., 1998). Given that children 

may be of different ages at kindergarten entry, older children may have more well-developed 

reading skills compared to younger children as result of their advanced age. Lastly, one study 

found that younger children were more likely to be classified as having RD while older children 

were more likely to be classified as low achieving (Siegel & Himmel, 1998). Accordingly, it is 

important to control for age in order to remove any variance in the reading achievement scores 

related to developmental maturity.  

Purpose of the Present Study 

In recent years, reading development and reading instruction have been at the forefront of 

federal policies and research. The ultimate goal of these initiatives is to prevent reading failure 

and help all children to acquire strong reading skills in early elementary school via high-quality, 
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evidence-based instruction. Despite these efforts, there are a number of children who struggle 

with learning how to read. Some of these struggling readers will be diagnosed with RD and 

receive special education services, while others will continue to struggle with reading but will 

not be identified to receive such services. 

Historically, there has been great debate about whether children with RD are 

distinguishable from children with LRA. Most research in this area suggests that children with 

RD and LRA are not distinguishable across the majority of neurocognitive measures (Shaywitz 

et al., 1992b; Ysseldyke et al., 1982), although there is some research that has found differences 

(Fuchs et al., 2002). Nonetheless, there is substantial research to suggest that deficits in 

phonological awareness are at the core of reading problems for both children with RD and those 

with LRA (Fletcher et al., 1994; Stanovich & Siegel, 1994; Stuebing et al., 2002). Even though 

differences between the two groups across most standardized measures are not usually found, 

researchers have identified groups of children who respond differently to intervention, such that 

some children never catch up to their same-age peers (Denton et al., 2006; Lovett et al., 1994; 

Torgesen et al., 2002; Vaughn et al., 2012). It is these children, who are least likely to respond to 

intervention, that are arguably those with the most severe reading difficulties, requiring the most 

substantial and intensive intervention.  

Although it may be possible to distinguish children with RD from those with LRA based 

on their response to intervention, limited research exists regarding the differences in growth 

trajectories between the two groups. Research that has examined reading achievement 

longitudinally typically compares either children with RD to children without RD or children 

with many types of disabilities to children without disabilities. In general, this body of work is 
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limited by small sample sizes, narrow time points, and groups where RD and LRA students 

cannot be distinguished. 

More specifically related to the differences in the growth trajectories between children 

with RD and children with LRA, only two research studies have addressed this question. Both 

studies indicated that there were no differences in the starting points, rates of growth, and 

outcomes between the two groups (Francis et al., 1996; O’Malley et al., 2002). Unfortunately, 

these studies only identified students for each group using research-based criteria, so their 

school-based eligibility is unknown. Examining the growth trajectories between students with 

RD and students with LRA using a larger sample, over a longer time period, and based on school 

diagnostic eligibility will allow for a better understanding of differences in the reading 

achievement between these two groups. Additionally, the use of more advanced statistical 

methods that can account for the relationship between other factors that may influence reading 

achievement as well as examine trends over time will add to the literature in this area. 

The current study will test a longitudinal model examining the differences in reading 

growth trajectories from kindergarten through eighth grade between students who received 

special education services between first and fifth grade for RD and non-identified children with 

LRA between first and fifth grade. Latent growth modeling (LGM) will be used to empirically 

test the proposed model and determine if there are differences in reading achievement start 

points, patterns of change, and outcomes, while controlling for important demographic factors 

(i.e., age, gender, SES, race/ethnicity; see Figure 3). Primary analysis will use multiple group 

LGM to simultaneously fit the model to the populations of interests (i.e., RD, LRA) and 

determine whether the growth trajectories differ between the two groups. 
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Utilizing a large, representative sample of children who entered kindergarten in the fall of 

1998, this study seeks to better understand whether children with RD and children with LRA 

differ in their reading achievement over time. Examination of these groups over an extended 

period of time using school-based classification addresses previous methodological flaws. 

Results of this study will contribute to an improved understanding of whether children with RD 

who receive special education are different in terms of reading development from students with 

similar LRA who do not receive such services. Additionally, the results may further help 

researchers to conceptualize diagnostic criteria for RD in schools, clinical settings, and research. 

Lastly, the results are intended to inform researchers and policymakers as they seek to develop 

the most effective, evidence-based instruction and intervention to support the learning of both 

students who receive special education services and students who do not receive such services 

but also struggle in reading.  

Research Questions 

Question 1 

To what extent do SES, gender, race, and age predict whether a student will be identified 

as having either RD or LRA between first and fifth grade? 

Question 2 

How does initial reading achievement in the fall of kindergarten compare between 

children who received special education services and non-identified children with LRA with 

SES, gender, race, and age controlled? 
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Question 3 

How does the pattern, or shape, of reading growth from kindergarten through eighth 

grade compare between children who received special education services and non-identified 

children with LRA with SES, gender, race, and age controlled? 

Question 4 

How do reading achievement outcomes in the spring of eighth grade compare between 

children who received special education services and non-identified children with LRA with 

SES, gender, race, and age controlled?
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Figure 3. Simplified Latent Basis Growth Model for the Current Study. a1-4 = freely estimated 
basis coefficients. 
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CHAPTER 3 
METHOD 

 
Study Design 

For this study, data from the Early Childhood Longitudinal Study, Kindergarten Class of 

1998-1999 (ECLS-K) was be used to examine trends in reading achievement from kindergarten 

through eighth grade between children with an identified RD and non-identified children with 

LRA. These data were collected by the U.S. Department of Education’s National Center for 

Education Statistics (NCES) within the Institute of Education Science (IES), in which a 

nationally representative sample of children were followed from the fall of kindergarten through 

the spring of eighth grade. This current study took advantage of the longitudinal data to 

understand differences in the trajectories of reading achievement of children receiving special 

education services for RD versus non-identified students with LRA. The ECLS-K user manuals 

(Tourangeau et al., 2004; Tourangeau et al., 2002; Tourangeau et al., 2009; Tourangeau et al., 

2006) and psychometric reports (Najarian, Pollack, & Sorongon, 2009; Pollack, Atkins-Burnett, 

Najarian, & Rock, 2005a; Pollack, Atkins-Burnett, Rock, & Weiss, 2005b; Rock et al., 2002) 

contain information about data collection, samples, and variables of interest, all of which are 

described below. 

Data Collection Waves 

The ECLS-K utilized multiple methods and multiple sources to collect in-depth data 

beginning in kindergarten and ending in eighth grade on variables related to the children’s 

development, school experiences, and family experiences. The longitudinal dataset includes a 

total of 21,410 students. Please note that all sample sizes are rounded to the nearest 10 for data 

security purposes. The samples at each wave of data collection are described below. 
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The first and second waves, or base year, of data collection occurred during the fall and 

spring of 1998-1999. The fall kindergarten sample included 21,390 children, and the spring 

kindergarten sample included 22,810. The increase in the number of children between the fall 

and spring kindergarten data collection waves resulted from the inclusion of an additional 1,430 

children who were sampled from schools that originally refused participated but agreed by the 

spring kindergarten data collection wave. 

The third and fourth waves of data collection occurred during the fall and spring of first 

grade in 1999-2000. The fall first-grade data collection did not include the full kindergarten 

sample; rather, it was limited to a 30% subsample of schools (i.e., 27% of the eligible base-year 

children) in order to better analyze the effects of the loss of learning over the summer. The fall 

first-grade sample included 6,510 children. The spring first-grade sample was then expanded to 

include all children who were eligible during the base year assessment (n = 21,360). During the 

spring of first grade, all children in a random 50% subsample of base-year schools were flagged 

to be followed if they transferred from their base-year school at any point in the future. 

Additionally, in the spring of first grade, a half-open interval sampling procedure was used in the 

same 30% subsample of schools that was used in the fall first-grade data collection to “freshen” 

the spring sample. In other words, children who were not in kindergarten in the United States 

during the 1998-1999 school year (e.g., immigrants, children who repeated first grade in 1999-

2000) were added to the spring first-grade sample. A total of 165 students were added to the 

sample based on the freshening procedures. These children were not included in the current 

study’s sample as a result of missing data in kindergarten. 

The final three waves of data collection occurred in the spring of third, fifth, and eighth 

grade. The fifth wave of data collection occurred in the spring of 2002 when most children were 
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in third grade (n = 21,360). The sixth wave of data collection occurred in the spring of 2004 

when most children were in fifth grade (n = 16,140). In fifth grade, 5,210 children were excluded 

from data collection as a result of ineligibility in a previous wave, movers who were not 

subsampled to be followed, hard-to-field cases, hard refusals, and children with neither first nor 

third grade data. The seventh and final wave of data occurred in the spring of 2007 when most of 

the children in the sample were in eighth grade (n = 12,130). Because the sample was not 

freshened after the first-grade wave, data from the ECLS-K eighth-grade wave are not 

representative of all eighth-graders in 2007, but are representative of the population cohort. After 

comparing the weighted population of the ECLS-K eighth-grade sample to the weighted 

population of the 2006 Current Population Survey from the U.S. Department of Labor, results 

suggest that the ECLS-K data represent about 80% of all U.S. eighth-graders during the 2006-

2007 school year. Examples of those not represented in the eighth-grade sample include children 

who started kindergarten before the fall of 1998 and were retained in a later grade, children who 

immigrated to the United States after first grade, and children who were home-schooled until 

after first grade. Please see Table 1 for an overview of the ECLS-K data collection sample. 

Data Collection Methods 

During all waves of data collection, interviews, questionnaires, and direct child 

assessments were used to gather information from parents, teachers, school administrators, and 

the children themselves. Computer-assisted interviewing (CAI) was used to gather information 

from parents predominantly over the phone, but a small percentage of interviews were conducted 

in person. Interviews were conducted primarily in English, but bilingual interviewers or 

interpreters were provided for parents whose primary language was not English. For non-English 

speaking parents, a hard-copy questionnaire was used to record interview answers, which were 
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then input into the CAI. Average parent interviews across the waves of data collection ranged 

from approximately 44 to 65 minutes.  

General education teachers, special education teachers, and school administrators 

completed self-administered questionnaires across all waves of data collection. General 

education teachers answered questions related to their classroom characteristics, classroom 

instruction and teaching methods, and specific questions about the sampled students in their 

classrooms. Special education teachers answered questions about their professional background 

and experience as well as the special educations services provided to the sampled students. 

School administrators answered questions about the school’s student body, teachers, school 

policies, and administrator characteristics.  

Students completed direct cognitive assessments using pencil and paper as well as CAI. 

In kindergarten and first grade, the direct cognitive assessment consisted of questions in three 

subject areas (i.e., language and literacy, mathematical thinking, and general knowledge), and it 

was conducted in a one-on-one testing setting. In third through eighth grade, the direct cognitive 

assessment consisted of questions in the same areas as earlier grades, but general knowledge was 

changed to science. In eighth grade, the direct cognitive assessment was administered in a group 

setting, as opposed to a one-on-one setting. In addition, starting in third grade and continuing 

through eighth grade, students completed a socio-emotional questionnaire.  

Data Collection Procedures 

Prior to the collection of data for each wave, all field staff, including field supervisors, 

assessors, and interviewers participated in extensive training. Prior to the fall kindergarten wave 

of data collection, field staff were selected based on their previous experience in working on 

national, large-scale studies (i.e., NAEP, TIMSS). The selected field staff completed eight hours 
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of home study training on the direct child assessments, field procedures, and computer skills 

along with an additional eight hours of training in interviewing techniques. Subsequently, field 

supervisors participated in a two-day in-person training, and assessors attended a five-day in-

person training. In between each wave of data collection, additional training was provided to 

field staff either via home study materials or in-person training. Additionally, prior to both the 

third-grade and the fifth-grade data collection, field supervisors and assessors completed 

certification exercises (i.e., written assessment, observation) to ensure that the direct child 

assessments would be administered in a standardized manner. For the third-grade data collection, 

98.2% of trainees passed the certificate procedures, and 1.8% were required to complete both 

remedial training and an additional observation in the field before being approved. For the fifth-

grade data collection, 99.1% of trainees passed the certificate procedures, and 0.9% were 

required to complete both remedial training and an additional observation in the field before 

being approved. 

Table 1 
 
Overview of Original ECLS-K Data Collection Sample 

Data Collection 
Wave 

Unweighted 
Sample 
Sizea 

Unweighted 
Number of 

Respondentsa 

Data 
Collection 

Period 

Sample 

Kindergarten F 21,390 19,680 Fall 1998 Full sample 
Kindergarten S 22,810 20,580 Spring 1999 Full sample 
1st Grade S 6,510 5,420 Fall 1999 30 percent subsample 
1st Grade S 21,360 17,320 Spring 2000 Full sample plus freshening 
3rd Grade S 21,360 15,310 Spring 2002 Full sample 
5th Grade S  16,140 11,820 Spring 2004 Full sample 
8th Grade S 12,130 9,730 Spring 2007 Full sample 

Note. F = fall; S = spring. aUnweighted sample size and unweighted number of respondents 
represents unweighted sample rounded to nearest 10. 
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ECLS-K Original Sample 

 The ECLS-K used a stratified, clustered, multistage probability sampling design to select 

a nationally representative sample of children attending kindergarten in 1998-1999. The 

sampling procedures included three stages: primary sampling units (PSUs; i.e., geographic areas 

consisting of counties or groups of counties); second-stage units (i.e., schools within sampled 

PSUs); and third-stage units (i.e., students within schools). 

 PSUs were developed from 1990 county-level population data and 1994 population 

estimates of five-year-olds by race/ethnicity. If a PSU did not have at least 320 five-year-olds, 

then it was collapsed with an adjacent PSU. After collapsing, 1,335 PSUs remained in the final 

PSU frame. The selection of PSUs took into account the amount of oversampling of Asian and 

Pacific Islanders needed to meet the nationally representative sample size criteria. Asian and 

Pacific Islanders were the only subgroup that was oversampled. Subsequently, 100 PSUs were 

selected for the ECLS-K.  

 In second-stage sampling, public and private schools offering kindergarten programs 

were selected. After obtaining data to create the public and private school sampling frame, 

schools within the chosen PSUs were identified. The school frame included 18,911 public 

schools and 12,412 private schools. Public schools within the frame had at least 24 

kindergarteners and private schools had at least 12 kindergarteners, and if a school had less than 

those amounts, the schools were clustered together. Schools were selected based on the 

probability proportional to the size of the PSU. In other words, the number of schools designated 

to each PSU was proportional to the weighted measure of the size of the PSU, and if a PSU was 

so small that a school may not have been allocated to it, at least one school was imposed on that 

PSU. In all, 1,280 schools were selected for the ECLS-K (i.e., 934 public schools and 346 private 
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schools). Of these sample schools, 75% of public schools and 93% of private schools cooperated 

for purposes of the study. 

 In third-stage sampling, two independent sampling strata were created within each 

school. One stratum was for Asians and Pacific Islanders, and the other stratum was for all 

remaining students. Within each stratum, students were selected using equal probability 

systematic sampling. When a twin was sampled, both twins were included as a unit in the 

sample. At most schools, the target number of children to sample was 24, and in some schools, 

the goal of oversampling Asian and Pacific Islanders could not be met. Upon identifying 

sampled children, parent contact information was obtained from the schools, so 

parents/guardians could provide consent for their child’s participation and for the parent 

interview. Please see Table 2, Table 3, and Table 4 for a breakdown of the original ECLS-K 

sample at each wave of data collection by race/ethnicity, gender, and age, respectively. Over 

time, the race/ethnicity and gender characteristics of the sample remained roughly the same.
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Table 2 

Breakdown of Original ECLS-K Sample at Each Wave of Data Collection by Race/Ethnicity 
Wavea Race/Ethnicity 

 White/ 
Non-

Hispanic 

African 
American/ 
African-

American 

Hispanic, 
Race 

Specified 

Hispanic, No 
Race 

Specified 

Asian, 
Non-

Hispanic 

Native Hawaiian 
or Other Pacific 

Islander 

Native 
American or 

Alaskan Native 

More 
Than 
One 
Race 

K1 55.2% 15.1% 8.3% 9.4% 6.4% 1.0% 1.8% 2.4% 
1st  56.4% 14.3% 8.2% 9.1% 6.3% 1.1% 1.8% 2.4% 
3rd 56.6% 13.0% 8.9% 9.2% 6.5% 1.2% 1.8% 2.6% 
5th 57.0% 11.4% 9.3% 9.8% 6.9% 1.3% 1.9% 2.4% 
8th 60.9% 10.3% 8.5% 9.0% 5.7% 1.1% 2.1% 2.3% 

Note. K1 = fall of kindergarten. aWave represents the data collected at designated grade.
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Table 3 
 
Breakdown of Original ECLS-K Sample at Each Wave of Data Collection by Gender 
Wavea Gender 

 Male Female 
K1 10,870 (51.1%) 10,380 (48.8%) 
1st 8,950 (51.2%) 8,530 (48.8%) 
3rd 7,810 (51.0%) 7,490 (49.0%) 
5th 5,990 (50.7%) 5,830 (49.3%) 
8th 4,930 (50.7%) 4,800 (49.3%) 

Note. K1 = fall of kindergarten. All values of n rounded to nearest 10. aWave represents the data 
collected at designated grade. 
 
Table 4 
 
Breakdown of Original ECLS-K Sample at Each Wave of Data Collection by Age 
Wavea Age of Study Child (Months) 

 Mean SD 
K1 65.79 14.80 
K2 74.63 4.87 
1st 86.84 4.84 
3rd 111.06 4.78 
5th 134.93 4.93 
8th 171.25 6.69 

Note. K1 = fall of kindergarten. aWave represents the data collected at designated the grade. 
 

Included and Excluded Samples 

 Given that the population of interest in the current study is children with reading 

difficulties, many participants in the ECLS-K dataset were excluded from the final sample. 

Ninety-five percent of the entire ECLS-K sample (n = 20,330) were excluded, producing a final 

sample consisting of 1,080 children. To better understand the differences between the included 

and excluded samples, comparison tests were conducted to determine if there were significant 

differences in both categorical variables and continuous variables of interest (see Table 5 and 

Table 6). Not surprisingly, when comparing the included sample to the entire ECLS-K excluded 

sample, there were significant differences. Specifically, differences in predictor variables (i.e., 

gender, race/ethnicity, SES, age at fall kindergarten assessment) were observed, because such 
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variables are hypothesized to play a role in academic achievement and special education 

eligibility. Significant differences in the reading assessment IRT scale score outcome variable 

were also observed, because the included sample is defined by special education eligibility and 

poor reading achievement. 

 To further examine differences between the included and excluded samples, comparison 

tests were conducted for each group in the study. Table 7, Table 8, Table 9, and Table 10 

compare the categorical and continuous variables of interest for the RD and LRA groups, 

respectively. Those in the excluded groups for this comparison met exclusionary criteria 

described below. For both the RD and LRA, there were no significant differences in gender or 

race/ethnicity between included and excluded samples. The included and excluded samples of 

the RD group significantly differed in SES, in which the included RD group had a lower SES. 

The included and excluded samples of the LRA group significantly differed in the age at the fall 

kindergarten assessment, in which the included sample was on average 1.4 months younger. 

Additionally, the included and excluded samples of both the RD and LRA groups had 

significantly different IRT scale scores on the reading assessment at certain waves of data 

collection. When significant, the included participants scored higher than the excluded 

participants. Although there were statistically significant differences between the included and 

excluded groups, not all of the differences are likely to be clinically significant. Those in the 

excluded group may not only have missing data but also may have met the exclusionary criteria 

of having a more severe special education eligibility (e.g., intellectual disability) and, therefore, 

scored lower on the direct reading assessment. It was originally intended that sample weights 

would be applied to all analyses to account for non-response biases and maintain generalizability 

of the final results to the population. In other words, the use of sample weights would have 



	

	 76 

helped account for those with missing data due to non-response to yield representative estimates 

for the parameters of interest.
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Table 5 
 
Comparison of Categorical Variables for Included and Excluded Samples 
Characteristics Included Sample N (%) Excluded Sample N (%) Chi-Square (df) 
Total 1,080 (5.0%) 20,330 (95.0%)  
    
Child Gender   8.96 (<10)** 
Male 600 (55.6%) 10,340 (50.9%)  
Female 480 (44.4%) 9,960(49.1%)  
    
Child Race/Ethnicity   429.69 (10)*** 
White/Non-Hispanic 350 (32.8%) 11,450 (56.5%)  
African American/African-American 200 (18.7%) 3,040 (15.0%)  
Hispanic, Race Specified 150 (13.8%) 1,630 (8.1%)  
Hispanic, No Race Specified 230 (21.0%) 1,800 (8.9%)  
Asian, Non-Hispanic 50 (4.8%) 1,320 (6.5%)  
Native Hawaiian or Other Pacific Islander 20 (1.4%) 210 (1.0%)  
Native American or Alaskan Native 60 (5.9%) 320 (1.6%)  
More Than One Race 20 (1.6%) 500 (2.5%)  

Note. All values of n rounded to nearest 10. * p < .05; ** p < .01; *** p < .001. 
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Table 6 
 
Comparison of Continuous Variables for Included and Excluded Samples 
Variables Included 

Mean (SD) 
Excluded 

Mean (SD) 
Independent Samples t-test (df) 

Kindergarten SES -0.48 (0.69) -0.03 (0.80) 20.20 (20140)*** 
    
Age at Fall Kindergarten Assessment 67.78 (4.70) 68.50 (4.48) 5.14 (19110)*** 

    
Reading Assessment IRT Scale Score     
K1 Grade 28.45 (4.11) 36.89 (10.24) 23.25 (8130)*** 
K2 Grade 35.86 (5.62) 48.72 (14.11) 26.74 (9040)*** 
1st Grade 52.72 (9.89) 82.36 (23.09) 39.29 (9210)*** 
3rd Grade 90.07 (15.52) 134.02 (25.09) 55.25 (9250)*** 
5th Grade 116.78 (17.94) 156.33 (23.57) 52.79 (9220)*** 
8th Grade 138.18 (25.86) 175.26 (24.84) 45.26 (9220)*** 

Note. K1 = fall of kindergarten; K2 = spring of kindergarten. * p < .05; ** p < .01; *** p < .001.   
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Table 7 
 
Comparison of Categorical Variables for Included and Excluded RD Samples  
Characteristics Included Sample N (%) Excluded Sample N (%) Chi-Square (df) 
Total 300 430  
    
Child Gender   2.26 (1) 
Male 190 (64.0%) 300 (69.3%)  
Female 110 (36.0%) 130 (30.7%)  
    
Child Race/Ethnicity   6.85 (7) 
White/Non-Hispanic 180 (60.3%) 230 (52.3%)  
African American/African-American 30 (10.4%) 60 (14.4%)  
Hispanic, Race Specified 30 (9.4%) 40 (9.8%)  
Hispanic, No Race Specified 30 (11.1%) 50 (11.6%)  
Asian, Non-Hispanic 10 (2.4%) 10 (2.3%)  
Native Hawaiian or Other Pacific Islander <10 (1.0%) 10 (2.3%)  
Native American or Alaskan Native 10 (3.4%) 20 (4.7%)  
More Than One Race 10 (2.0%) 10 (2.6%)  

Note. All values of n rounded to nearest 10. * p < .05; ** p < .01; *** p < .001. 
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Table 8 
 
Comparison of Continuous Variables for Included and Excluded RD Samples  
Variables Included 

Mean (SD) 
Excluded 

Mean (SD) 
Independent Samples t-test (df) 

Kindergarten SES -0.25 (0.67) -0.38 (0.68) 2.53 (680)* 
    
Age at Fall Assessment Kindergarten  69.26 (5.02) 69.98 (5.96)  -1.67 (660) 

    
Reading Assessment IRT Scale Score    
K1  28.77 (4.30) 28.35 (4.27) 0.94 (400) 
K2 35.67 (6.22) 34.44 (6.14) 2.03 (440)* 
1st Grade 53.44 (11.28) 50.96 (11.13) 2.26 (450)* 
3rd Grade 91.73 (22.10) 87.72 (22.50) 1.87 (430) 
5th Grade 118.40 (22.14) 111.36 (24.38) 3.23 (470)** 
8th Grade 141.80 (29.21) 131.06 (29.69) 3.72 (440)*** 

Note. K1 = fall of kindergarten; K2 = spring of kindergarten. * p < .05; ** p < .01; *** p < .001. 
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Table 9 
 
Comparison of Categorical Variables for Included and Excluded LRA Samples  

Characteristics Included Sample N (%) Excluded Sample N (%) Chi-Square (df) 
Total 780 190  
    
Child Gender   0.62 (1) 
Male 410 (52.4%) 100 (55.6%)  
Female 370 (47.6%) 80 (44.4%)  
    
Child Race/Ethnicity   9.71 (7) 
White/Non-Hispanic 170 (22.3%) 60 (30.8%)  
African American/African-American 170 (21.8%) 40 (22.2%)  
Hispanic, Race Specified 120 (15.4%) 20 (10.8%)  
Hispanic, No Race Specified 190 (24.8%) 40 (21.6%)  
Asian, Non-Hispanic 50 (5.8%) 10 (7.6%)  
Native Hawaiian or Other Pacific Islander 10 (1.5%) <10 (1.1%)  
Native American or Alaskan Native 50 (6.9%) 10 (5.4%)  
More Than One Race 10 (1.4%) <10 (0.5%)  

Note. All values of n rounded to nearest 10. * p < .05; ** p < .01; *** p < .001. 
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Table 10 
 
Comparison of Continuous Variables for Included and Excluded LRA Samples  

Variables Included 
Mean (SD) 

Excluded 
Mean (SD) 

Independent Samples t-test (df) 

Kindergarten SES -0.57 (0.68) -0.63 (0.87) 0.99 (890) 
    
Age at Fall Kindergarten 
Assessment 

67.21 (4.44) 68.61 (5.28) -2.80 (870)** 

    
Reading Assessment IRT Scale 
Score 

   

K1 28.30 (4.01) 28.20 (4.71) 0.18 (610) 
K2 35.94 (5.33) 35.21 (5.73) 1.33 (720) 
1st Grade 52.42 (9.25) 49.74 (10.67) 3.14 (830)** 
3rd Grade 89.47 (12.92) 90.00 (14.91) -0.48 (950) 
5th Grade 116.19 (16.10) 115.29 (18.90) 0.03 (960) 
8th Grade 136.92 (24.49) 136.74 (29.48) 0.07 (890) 

Note. K1 = fall of kindergarten; K2 = spring of kindergarten; * p <. 05; ** p < .01; *** p < .001
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Final Sample for Current Study 

  Participants assigned the longitudinal sample weight C1_7FC0 were retained for the 

current study. The longitudinal sample weight was assigned to children who had direct 

assessment data across six rounds of data collection (fall kindergarten, spring kindergarten, first 

grade, third grade, fifth grade, and eighth grade). This sample weight best fits the analyses based 

on the available weights published in the ECLS-K restricted dataset. Using a sample weight 

allows for generalizability to the kindergarten class of 1998-1999. 

 After identifying participants with the appropriate longitudinal sample weight, a field 

management system (FMS) variable that identified participants as having received special 

education services and those who had not received services at the first, third, and fifth grade time 

points was used to create two dichotomous groups. In other words, using this variable helped to 

ensure that there was no overlap between the two groups. Then, once participants were identified 

as either having received special education services or not received special education services 

between first and fifth grade, participants were selected for the final sample based on whether 

they met the designated criteria as a student with RD or LRA. For the RD group, participants 

were included if two criteria were met in first through fifth grade: (1) the special education 

teacher indicated a primary special education eligibility of learning disability, and (2) the special 

education teacher reported that the student had a reading goal on his/her IEP. If students met 

these criteria at any point between first and fifth grade, then they were included in the RD group. 

For the LRA group, students were included if they had a weighted average T-score below the 

25th percentile using the first, third, and fifth grade time points. All students included in the LRA 

group had direct reading assessment scores in first, third, and fifth grade. 
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 The final unweighted sample consisted of 1,080 children. Mean child age at each time 

point is reported in Table 11. Children in the final unweighted sample were approximately 32% 

White, non-Hispanic, 19% African American or African-American, 13% Hispanic, race 

specified, 21% Hispanic, no race specified, 5% Asian, 1% Native Hawaiian or Other Pacific 

Islander, 6% Native American or Alaskan Native, and 2% Multi-racial. About 56% percent of 

the sample is male. See Table 12 for child demographic characteristics. 

Exclusionary Criteria 

Participants were required to have the longitudinal sample weight C1_7FC0; 460 

participants (RD group: n = 290; LRA group: n = 170) were excluded due to the absence of a 

nonzero weight. Additionally, given the interest in reading achievement over time between those 

with and without special education classification, children with intellectual disability, 

neurological conditions (e.g., traumatic brain injury, cerebral palsy), and developmental 

disabilities were excluded from the sample as to not to confound the results. Exclusion was based 

on school report of a diagnosis of developmental delay, intellectual disability, autism spectrum 

disorder, visual or hearing impairment, physical impairment, or multiple impairment at any of 

points between kindergarten and eighth grade. In the RD group, 50 children met these criteria, 

and in the LRA group, 60 children met these criteria. In addition, students were excluded from 

the RD group if they were identified as having RD in kindergarten (n = 50), as this could likely 

have been an inaccurate diagnosis (see below). Lastly, students were excluded from the RD 

group if they were identified as having RD for the first time between fifth and eighth grade (n = 

<10). No other exclusionary criteria were applied. 
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Sampling Weights  

Descriptive analyses on the final sample include both unweighted and weighted means. 

Unweighted descriptive statistics refers to the ECLS-K population, in which each case was 

counted equally. Weighted descriptive statistics reflects the entire population of children 

attending kindergarten in 1998 in the United States, accounting for children who were not 

sampled in the ECLS-K data. The weighted sample represents population estimates from 1994 

U.S. Census. Full sample weights and nesting variables (based on the Taylor Series method for 

computing standard errors) were applied to the latent growth model analyses to adjust for 

differential selection probabilities, reduce non-response bias and standard error, and allow for 

results that are generalizable to the population. 

Table 11 
 
Mean Ages at Each Time Point for Children Included in the Final Sample (n = 1,080)  

Data Collection Wave Age of Study Child (months) 
 Mean SD 

K1 67.77 4.70 
K2 74.06 4.78 
1st Grade 86.21 4.77 
3rd Grade 110.33 4.72 
5th Grade 133.91 4.75 
8th Grade 170.63 4.73 

Note. K1 = fall of kindergarten; K2 = spring of kindergarten. All values of n rounded to nearest 
10. 
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Table 12 
 
Demographic Characteristics of Final Sample (n =1,080)  
Characteristic Sample N (%) Weighted N (%) 
Child Gender   
Male 600 (55.6%) 378,500 (59.7%) 
Female 480 (44.4%) 255,571 (40.3%) 

   
Child Race/Ethnicity   
White/Non-Hispanic 350 (32.8%) 199,421 (31.5%) 
African American/African-American 200 (18.7%) 166,970 (26.3%) 
Hispanic, Race Specified 150 (13.8%) 86,649 (13.7%) 
Hispanic, No Race Specified 230 (21.0%) 133,847 (21.9%) 
Asian 50 (4.8%) 11,885 (1.9%) 
Native Hawaiian or Other Pacific Islander 20 (1.4%) 4,419 (0.7%) 
Native American or Alaskan Native 60 (5.9%) 23,676 (3.7%) 
More Than One Race 20 (1.6%) 5,909 (0.9%) 

   
Group Status   
Reading Disability 300 (27.5%) 160,014 (25.2%) 
Low Reading Achievement 780 (72.5%) 473,957 (74.8%) 

Note. All values of sample n rounded to nearest 10.
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Definitions of Groups 

Reading Disability (RD) Group 

Overall, a total of 300 children with RD were included in the current study. During data 

collection, field supervisors were given the name of all students who received special education 

services along with the name of their primary special education teacher. The special education 

teacher then reported the child’s main disability category. It is probable that identification of RD 

was based on the definition of a SLD from IDEA (1990, 1997), as participants were identified 

prior to the most recent reauthorization of IDEA in 2004. Using this definition, it is likely that 

schools used a discrepancy paradigm to identify students with RD. However, it is possible that 

some schools had begun to use a RTI model to identify those with RD.  

In this study, the child’s special education teacher’s report of a learning disability (LD) in 

first, third, or fifth grade was used to identify the RD group. However, direct information about 

the child’s learning disability type (e.g., reading, math) was unavailable, so the type of LD was 

determined based on the special education teacher’s report of the child’s IEP goals. Because this 

study is focused on understanding trends in reading achievement, children in this group were 

required to have at least one reading goal on their IEP. If the child had a reading goal, it was 

assumed that he/she displayed difficulty in reading and were subsequently categorized as having 

RD.  

Children included in the RD group were identified to receive special education services at 

any point between first and fifth grade, based on special education teacher report as described 

above. RD identification at any point before fifth grade was chosen for three primary reasons. 

First, research suggests that early identification of LD in preschool and early kindergarten is 

often unreliable and inaccurate (Rathvon, 2004; Scarborough, 1998). Very young children may 



	

	 88 

struggle academically in school; however, there are a number of reasons, other than a LD, that 

may explain why these children have academic difficulties. For example, they may struggle 

academically as a result of lack of formal education and/or previous instruction in basic reading 

skills (Rathbun & Zhang, 2016). This includes both formal preschool educational experiences as 

well as reading experiences in the home. Furthermore, young children may struggle in school if 

they have difficulty adapting to the classroom environment, following classroom expectations, as 

well as maintaining motivation and appropriate behavior during universal reading screenings and 

individual assessments (Rimm-Kaufman, Pianta, & Cox, 2000). Next, it is likely that there is a 

wide range of variation in the rate of development and learning of basic academic skills, such 

that some children take longer to understand basic reading skills than it does for others, but do 

not have LD (Share, Jorm, MacLean, & Matthews, 1984). Lastly, it is possible that young 

children identified as having LD will in fact be identified as having a cognitive impairment later 

on in their education. As a result, those identified with a RD in kindergarten were not included in 

the final sample. 

Second, it is especially uncommon for children to first be diagnosed with RD after 

elementary school (i.e., fifth grade), as most children who have RD are identified in the early 

elementary school years. Even researchers who study late-emerging RD typically study fourth- 

and fifth-grade students, not middle school students (e.g., Compton, Fuchs, Fuchs, Elleman, & 

Gilbert, 2008; Leach, Scarborough, & Rescorla, 2003; Lipka, Lesaux, & Siegel, 2006). As a 

result, children diagnosed with a RD for the first time between fifth and eighth grades (n = <10) 

were not included in the RD group.  

Third, including children identified between first and fifth grade captures most children 

who received special education services for a RD during their education. In other words, children 



	

	 89 

who were identified both in early elementary school grades and later elementary school grades 

are included in this group. The children in this group are presumed to have had persistent reading 

difficulties throughout elementary school, permitting them to continue to qualify for special 

education services. Thus, the RD group consists of children who displayed persistent reading 

difficulties, which is hallmark of the diagnosis, in early elementary school grades as well as 

those who may have displayed a milder or late-emerging RD in fourth or fifth grade. Given that 

this study seeks to compare children who received special education services for RD to those 

with who did not receive such services but demonstrated LRA, it is rational to examine students 

who were identified as a child with a RD at any point between first and fifth grade. 

It is also likely that some children in the RD group did not receive special education 

services for the entirety of the study. In other words, some children in the RD group exited from 

special education services prior to the conclusion of the study; that is, 80 children (26.7%) who 

were diagnosed with RD between first and fifth grade no longer received special education 

services for any classification by eighth grade. Still, it is important to include them in the RD 

group, because this study aims to examine the reading achievement trajectories and trends 

between those who have received special education services for RD, regardless of the length of 

time services were received, and those who were not identified but have LRA. Despite receiving 

special education services for varying lengths of time, these students received academic support 

via special education for at least some amount of time due to reading problems. Excluding 

children who exited from special education services would remove important variance in the 

reading achievement scores of the RD group.  
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Low Reading Achievement (LRA) Group 

Overall, a total of 780 non-identified children with LRA in third grade were included in 

the current study. Children were identified as having LRA between first and fifth grade using 

two criteria. First, children with LRA were those who did not receive special education services 

at any point before fifth grade (i.e., non-identified). Second, children had a weighted average on 

the direct reading assessment below the 25th percentile using the first, third, and fifth grade time 

points. This average score was a weighted average derived from the first-grade T-score weighted 

0.25, the third-grade T-score weighted 0.5, and the fifth-grade T-score weighted 0.25. If the 

weighted average T-score was less than 44 (i.e. 25th percentile), then the child was included in 

the LRA group. The 25th percentile was chosen as the cutoff, because researchers who study 

students with LRA often define their samples as those who are performing below the 25th 

percentile on standardized measures (e.g., Fletcher et al., 1994; Francis et al., 1996; Shaywitz, 

Fletcher, Holahan, & Shaywitz, 1992; Shinn, Ysseldyke, Deno, & Tindal, 1986).  

A weighted average of three time points was used to identify the LRA group in order to 

develop a more representative score of children’s achievement, as opposed to making LRA 

identification based on one single test score. The third-grade test score was more heavily 

weighted than the first and fifth grade time points for two main reasons. First, from a 

developmental perspective, it is expected that by third grade, children have learned how to read. 

Research suggests that with practice children become fluent and accurate readers between first 

and third grade (Kuhn & Stall, 2003). From kindergarten to third grade, the major focus is on 

teaching foundational reading skills (Etmanskie, Partanen, & Siegel, 2016). By fourth grade, 

however, the focus shifts from “learning to read” to “reading to learn” (Chall, 1983). 

Consequently, third grade is the point at which children should have adequate reading skills, 
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making it appropriate to weight heavier than the other two time points to allow for the 

examination of the reading assessment scores of those who were performing well.  

Second, it is important that the LRA group be identified for the sample at a points at 

which the LRA group is similar to the RD group in terms of reading assessment scores in order 

to compare their growth trajectories between kindergarten and eighth grade. Table 13 displays a 

comparison test of the reading assessment T-scores between the two groups. T-scores, as 

opposed to IRT scale scores, were used for this comparison, because they are meaningful for 

interpretation. In first grade, the mean T-score was 39.43 for the RD group and 39.17 for the 

LRA group. In third grade, the mean T-score was 37.97 for the RD group and 37.87 for the LRA 

group. In fifth grade, the mean T-score was 39.94 for the RD group and 39.45 for the LRA 

group. The independent samples t-tests at each of these time points were not significant, 

suggesting that the two groups were performing at very similar levels in terms of their reading 

performance based on the mean T-scores between first and fifth grade. 

Table 13 
 
Comparison of Mean T-Scores between RD and LRA Groups 

Data Collection 
Wave 

RD T-Score Mean 
(SD) 

LRA T-Score Mean 
(SD) 

Independent Samples 
t-test (df) 

K1 42.74 (6.28) 41.88 (6.47) 1.79 (810) 
K2 40.74 (7.70) 41.23 (6.58) -0.96 (870) 
1st Grade 39.43 (8.62) 39.17 (6.99) 0.49 (850) 
3rd Grade 37.97 (9.27) 37.87 (6.24) 0.21 (1040) 
5th Grade 39.94 (7.83) 39.45 (5.56) 1.13 (1060) 
8th Grade 42.04 (8.31) 40.49 (6.58) 3.12 (1050)** 

Note. K1 = fall of kindergarten; K2 = spring of kindergarten. * p < .05; ** p < .01; *** p < .001. 
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Missing Data 

Longitudinal research studies often have large amounts missing data due to attrition (e.g., 

move school, decline participation, death), and consequently, missing data must be analyzed. In 

the current sample, when examining only the 10 variables that were included in the final model, 

6.7% of values were missing, and 34.1% of cases had missing values. Eight variables (80%) 

were missing 0.3-24.8% of data. Please see Table 14 for a summary of missing data. 

 Generally, it is recommended that if the proportion of missing data is small (i.e., less than 

5%), then traditional methods (e.g., listwise or casewise deletion; single imputation) of handling 

missing data may be appropriate (Graham, 2009; Schafer, 1999). However, researchers suggest 

that even when the percentage of missing data is small, traditional missing data methods may 

lead to serious bias (Graham, 2009; Schafer, 1999). Deleting cases with missing data assumes 

that the data are missing completely at random, which is unlikely in most real-world research 

settings. Furthermore, Graham (2009) states that more advanced missing data methods should be 

used even when less than 5% of data are missing. In the current study, while only 6.7% of values 

were missing, 34.1% of cases had missing values, and using traditional methods to delete cases 

with missing values would likely lead to bias. Additionally, three variables had greater than 5% 

of missing data. As a result, full information maximum likelihood (FIML) was used to account 

for missing data. 

Full Information Maximum Likelihood (FIML) 

Although a number of valid methods have been developed to handle missing data (e.g., 

multiple imputation [MI], expectation maximization [EM]), FIML was chosen to handle missing 

data in the current study. Research supports the equivalence of FIML, EM, and MI for handling 

missing data (Collins, Schafer, & Kam, 2001; Schafer & Graham, 2002; Graham, Olchowski, & 
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Gilreath 2007; Dong & Peng, 2013). Therefore, FIML is an appropriate technique to handle 

missing data in the study at present.  

Unlike MI, FIML does not impute plausible values for the missing values; rather, it 

integrates incomplete values into the estimation routine (Grimm, Ram, & Estabrook, 2017). In 

FIML, the marginal probability of observing the measured variables for each individual is 

computed over the variables with missing data (Allison, 2012 as cited in Grimm et al., 2017). In 

other words, FIML identifies the pattern of missing data and models the observed variables in 

groups of individuals who have the same pattern of missing data (Grimm, Ram, & Estabrook, 

2017). 

 Rationale for FIML. According to Grimm et al. (2017), FIML estimation has become 

the main approach to handle missing data in structural equation modeling (SEM), and most SEM 

programs, such as MPlus, use FIML as a default. In the current study, FIML estimation was 

chosen over MI for two specific reasons. First, in MPlus, more fit statistics are available when 

FIML is used to estimate missing data as compared to when MI is used to estimate missing data 

(Muthén & Muthén, 2012). Similarly, there is little research on proper procedures for pooling fit 

statistics across multiple datasets when MI is used (Muthén & Muthén, 2012).  

Second, FIML estimation in MPlus was chosen because the software allows for the 

inclusion of auxiliary variables. The inclusion of axillary variables is important because in order 

to use FIML the data must be missing completely at random (MCAR) or missing at random 

(MAR). Data MCAR occur when missing values have no relationship with other known or 

unknown values in the data; however, the MCAR mechanism is rarely upheld, as the missingness 

is usually related to some other observed variable (Haukoos & Newgard, 2007). When the data 

can be explained by observed variables, but not by the missing values, the data are said to be 
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MAR (Haukoos & Newgard, 2007). In other words, when the data are MAR, missing values may 

be related to certain observed predictor variables, but not to the missing values. Accordingly, 

when the missing data are related to either unobserved predictor variables or the missing values 

themselves, the data is MNAR (Haukoos & Newgard, 2007). FIML works under the assumption 

of MCAR and MAR, but not MNAR.  

To test for MCAR, Little’s MCAR test was used. Results indicated that the MCAR 

mechanism was not upheld in the current sample (c2 (120) = 293.57, p < .001). Although the data 

were not MCAR, it is likely that that the data were MAR. Again, this means that the missing 

values were likely related to observed variables, rather than to unobserved variables or the 

missing values themselves. Although there is no statistical test to determine MAR versus MNAR 

(Acock, 2012), the reasons for missingness can be examined from a theoretical standpoint.  

There were three variables with missing data greater than 5% (i.e., Fall Kindergarten Reading 

IRT Scale Score; Spring Kindergarten Reading IRT Scale Score; First Grade Reading IRT Scale 

Score).  

Three possible reasons may explain why the percentage of missing data is higher in these 

reading achievement variables at the first three data collection time points. First, children who 

attended schools that refused to participate in the fall kindergarten wave but then decided to 

participate in the spring kindergarten wave would have been missing data in the fall of 

kindergarten. Second, children who failed an English language screening test in either 

kindergarten or first grade did not take the reading assessment, and, therefore, would have had 

missing data at these early time points. Third, children who were unable to complete the 

assessment as a result of challenging behaviors may have had missing data at these time points. 

To account for these potential explanations of missing data, an inclusive imputation model, 
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which utilizes many predictor, or auxiliary variables, was used with FIML estimation. It is 

important to note the MPlus only allows for continuous variables to be included as auxiliary 

variables with FIML (Muthén & Muthén, 2012). Please see Table 15 for a list of auxiliary 

variables included in the model.  

Lastly, Table 16 contains the means before and after FIML estimation. Of note, the 

means changed minimally after estimation. Thus, it is likely that the FIML estimation produced 

plausible and appropriate results. 

Table 14 

Summary of Missing Data for Analysis Model Variables 
Variable Missing Valid N 

 N Percent  
K1 Reading IRT Scale Score 270 24.8% 810 
K2 Reading IRT Scale Score 200 18.9% 880 
1st Grade Reading IRT Scale Score 120 11.4% 960 
K1 Continuous SES 50 4.3% 1030 
8th Grade Reading IRT Scale Score 40 3.3% 1040 
3rd Grade Reading IRT Scale Score 30 3.0% 1050 
5th Grade Reading IRT Scale Score 10 1.3% 1070 
K1 Race <10 0.3% 1080 
K1 Age at Assessment 0 0.0% 1080 
K1 Gender 0 0.0% 1080 

Note. The variables are listed from highest percentage of missing data to lowest percentage of 
missing data. K1 = fall of kindergarten; K2 = spring of kindergarten. All values of n rounded to 
nearest 10. 
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Table 15 
 
Auxiliary Variables Included in Model 

Variable Waves IncludedA 

Continuous SES K1-8th grade 
Child age K1-8th grade 
Child’s total OLDS score K1-1st grade 
Child’s Spanish total OLDS score K1-1st grade 
Approaches to learning (parent rating scale) K1-1st grade 
Self-control (parent rating scale) K1-1st grade 
Social interaction (parent rating scale) K1-1st grade 
Sad/lonely (parent rating scale) K1-1st grade 
Impulsive/overactive (parent rating scale) K1-1st grade 
Approaches to learning (teacher rating scale) K1-5th grade 
Self-control (teacher rating scale) K1-5th grade 
Interpersonal (teacher rating scale) K1-5th grade 
Internalizing problems (teacher rating scale) K1-5th grade 
Externalizing problems (teacher rating scale) K1-5th grade 
Self-control and interpersonal combined (teacher rating scale) 3rd grade-5th grade 
SDQ interest/competence in reading (child rating scale) 3rd grade-8th grade 
SDQ interest/competence in math (child rating scale) 3rd grade-8th grade 
SDQ interest/competence in all subjects (child rating scale) 3rd grade-5th grade 
SDQ interest/competence in peer relations (child rating scale) 3rd grade-5th grade 
SDQ externalizing problems (child rating scale) 3rd grade-5th grade 
SDQ internalizing problems (child rating scale) 3rd grade-8th grade 
Locus on control (child rating scale) 8th grade 
Self-concept (child rating scale) 8th grade 
General knowledge ARS score (teacher rating scale) K1-1st grade 
Literacy ARS score (teacher rating scale) K1-5th grade 
Math ARS score (teacher rating scale) K1-8th grade 
Science ARS score (teacher rating scale) 3rd grade-8th grade 
Social studies ARS score (teacher rating scale) 3rd grade 
Oral ARS score (teacher rating scale) 8th grade 
Writing ARS score (teacher rating scale) 8th grade 
General knowledge routing test score K1-1st grade 
General knowledge IRT scale score K1-1st grade 
General knowledge T-score K1-1st grade 
Highest reading proficiency level  K1-8th grade 
Reading routing test score K1-8th grade 
Reading IRT scale score K1-8th grade 
Reading T-score K1-8th grade 
Highest math proficiency level K1-8th grade 
Math routing test score K1-8th grade 
Math IRT scale score K1-8th grade 
Math T-score K1-8th grade 
Science routing test score 3rd grade-8th grade 
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Table 15 (cont’d) 
 
Science IRT scale score 

 
 
3rd grade-8th grade 

Science T-score 3rd grade-8th grade 
Note. AA variable was included in the imputation model for each wave included in the range 
listed. For example, child age was included at every wave, while child’s total OLDS score was 
only included in kindergarten and first grade. K1 = fall of kindergarten; K2 = spring of 
kindergarten.
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Table 16 
 
Continuous Variable Means Before FIML Estimation and After Estimation 

 Entire Sample RD Group LRA Group 

Variables Before 
Estimation 

Mean 

After 
Estimation 

Mean 

Before 
Estimation 

Mean 

After 
Estimation 

Mean 

Before 
Estimation 

Mean 

After 
Estimation 

Mean 
Kindergarten SES -0.48 -0.49 -0.25 -0.26 -0.57  -0.57 
       
Age at Fall Kindergarten Assessment 67.77 67.77 69.26  69.26 67.21  67.21 

       
Reading Assessment IRT Scale Score       
K1 28.45 27.97 28.77  28.27 28.30  27.86 
K2 35.86 35.52 35.67  35.14 35.94 35.65 
1st  52.72 52.58 53.44  52.88 52.42  52.41 
3rd  90.07 89.86 91.73  91.14 89.47  89.38 
5th  116.78 116.74 118.40  118.31 116.19  116.15 
8th  138.18 137.90 141.81 140.96 136.92 136.74 

Note. K1 = fall of kindergarten; K2= spring of kindergarten.
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Variables and Measures 

 A description of the reading achievement variable as well as the covariates of interest is 

provided below. Please see to Table 17 for a list of variables.  

Reading Achievement 

For the current study, reading achievement is defined as the child’s performance on the 

direct cognitive assessment of reading skills at each wave of data collection (i.e., fall 

kindergarten, spring kindergarten, first grade, third grade, fifth grade, eighth grade). It is 

important to note that all children with disabilities (i.e., those with IEPs, IFSPs, or 504 Plan) 

were provided accommodations during the assessments at each wave. The section below 

describes the development of the ECLS-K direct reading assessment. 

Development of the reading achievement measure. The development of the direct 

cognitive battery, which included the direct reading assessment, consisted of five steps. First, a 

background review was conducted on all available and current psychometric instruments and the 

constructs they intended to measure. Second, for domains and constructs deemed relevant for 

kindergarten and first grade, test specifications were developed. Third, an item pool was created. 

Fourth, the item pool was field tested to determine whether the items were statistically and 

psychometrically appropriate for carrying out the overall assessment goals. Lastly, the final test 

forms were compiled based on field test item statistics and specifications. 

Development of ECLS-K reading achievement test specifications. Using the Reading 

Framework for National Assessment of Educational Progress (NAEP), the ECLS-K team 

developed the reading specifications. The 1992 and 1994 NAEP framework was used to develop 

ECLS-K test specifications for earlier grade-levels (i.e., kindergarten through fifth), and the 

1992-2007 NAEP framework was used for the eighth-grade test specifications.  
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The ECLS-K team adapted the NAEP framework to create the ECLS-K test 

specifications. Because the NAEP framework began in fourth grade, the team decided to add 

additional skill categories important for assessing younger children. The final six specifications 

included: basic skills, vocabulary, initial understanding, developing interpretation, personal 

reflection, and critical stance. Table 18 displays the number of questions for each reading skill 

assessed at the different grade levels over time. 

Development of item pool. Once the test specifications were in place, a team of writers 

from the Educational Testing Service (ETS), elementary school curriculum specialists, and 

teachers created an item pool. Test items were adapted or borrowed from a number of published 

tests, such as the Peabody Individual Achievement Test-Revised (PIAT-R), Peabody Picture 

Vocabulary Test-Revised (PPVT-R), the Primary Test of Cognitive Skills (PTCS), the Test of 

Early Reading Ability (TERA-2), The Test of Early Mathematics Ability (TEMA-2), and the 

Woodcock-Johnson Tests of Achievement-Revised (WJ-R). Around 200 items were created for 

each subject area of the kindergarten and first-grade direct cognitive assessment. Subsequent 

items pools were created in a similar manner for the third-, fifth-, and eighth-grade assessments. 

All items were reviewed based on the appropriateness of content, difficulty, and relevance as 

well as issues related to cultural sensitivity. Once items passed the review process, they were 

constructed into field test booklets. 

Field testing. Field testing occurred for each wave of data collection. Kindergarten and 

first-grade field testing was conducted together, and the third- and fifth-grade field testing was 

conducted together. The eighth-grade field testing was conducted on its own. Field testing was 

used to assess the feasibility of the assessment, whether a vertical scale could be created, the 

viability of a two stage routing procedures, and the psychometric properties of the assessment. 
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Kindergarten and first-grade field testing utilized approximately 1,500 students in the fall 

of 1996 and 1,500 first graders in the spring of 1997. Preliminary field testing for the third- and 

fifth-grade direct cognitive assessments occurred in the spring of 1999. A small number of 

children (n = 50) participated in these field tests, and a large number of items were tested. In the 

spring of 2000, a full-scale field test was conducted on approximately 1,800 children, using 

revised questions from the preliminary field test. Lastly, for the eighth-grade direct cognitive 

assessment, a field test was conducted to evaluate the psychometric properties of test items in the 

spring of 2006, and in the fall of 2006, a pilot test was carried out to determine whether 

procedures worked smoothly and produced accurate tests scores.  

For the kindergarten and first-grade item pools as well as the third- and fifth-grade item 

pools, construct validity was evaluated. Construct validity of the ECLS-K kindergarten and first-

grade reading item pool was supported by its high correlation (i.e., mid- to upper-eighties) with 

the Kaufman Test of Early Achievement (i.e., KTEA). Construct validity of the ECLS-K third- 

and fifth-grade reading item pool was supported by its high correlation (i.e., low eighties) with 

the Woodcock-McGrew-Werder Mini-Battery of Achievement (MBA). The eighth-grade field 

testing did not utilize a validation instrument to demonstrate construct validity, because the 

design and content of the eighth-grade assessment was based on previously validated surveys. 

According to Najarian, Pollack, and Sorongon’s (2009) psychometric report, high correlations 

that resulted from previous validations provided support for strong construct validity of the 

ECLS-K eighth-grade item pool. For all grade-level field tests, items were included in the pool 

for final test forms if they demonstrated acceptable item analysis and IRT parameters (see item 

response theory (IRT) section below), had no differential item functioning (DIF) issues related 

to subgroup membership (see differential item functioning (DIF) section below), and showed 
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increases in the percent correct between grade levels.  

Differential item functioning (DIF). Differential item functioning (DIF) was used to 

determine whether a subgroup (e.g., African American students) performed differently on certain 

items when matched on performance to a reference group (e.g., White students). DIF procedures 

identified items when there was unexpected differential performance. After the DIF procedures 

identified certain items with large effect sizes, independent reviewers examined the content of 

these items. Items that were found to have content or a presentation that could be problematic for 

a certain subgroup were dropped from the item pool. However, items that showed differential 

performance between groups a result of children having different skill levels, as opposed to 

being due to subgroup membership, were retained. 

Development of test forms. After a final item pool was established for each grade-level 

assessment, test forms were developed on the basis of item quality and reliability, item difficulty, 

floor and ceiling effects, longitudinal score scale, curriculum relevance, framework 

specifications, and practical issues (e.g., administration time). Items were also chosen for the 

final forms based on whether they met specific IRT criteria (see item response theory (IRT) 

section below). There were a small number of test items that did not meet the designated criteria 

but were still included for other reasons, such as framework specifications, links to a selected 

reading passage, or overlap with previous grade-level assessments.  

Development of longitudinal scale. To allow for accurate measurement of abilities 

across time, ECLS-K put each grade-levels’ assessment scores on a common scale, which 

required items from one grade-level assessment to overlap with the subsequent grade-level 

assessment. There was a total of 81 common items shared amongst all grade-level assessments. 

Additionally, a small second-grade “bridge” sample was used to remediate the gap in ability 
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levels between the first-grade and third-grade time points. That is, second-grade students were 

needed in order to place items reliably along the difficulty scale, so gains from first to third grade 

could be measured. Because the distributions overlapped between third and fifth grade as well as 

between fifth and eighth grade, a fourth-grade “bridge” sample and a sixth and seventh-grade 

“bridge” sample, respectively, were not needed. To create this continuous longitudinal scale and 

determine whether the overlapping items were functioning appropriately across the different test 

forms, a statistical methodology called item response theory (IRT) was used. 

Item response theory (IRT). Item response theory (IRT) was used to create a scale to 

compare scores across the different grade levels. In order to calibrate this scale, the test items 

within each subject area were mostly unifactorial, meaning that the same factor was underlying 

all test forms. As mentioned above, certain test items overlapped across adjacent forms and some 

content areas were represented in all grade forms, which allowed for the creation of the IRT 

scale. Responses for each of the shared items were combined for all rounds, and a single set of 

item parameters were estimated for each.  

The ECLS-K IRT was based on a three-parameter model, which included a parameter for 

guessing, difficulty, and discriminability. The model used the pattern of responses (i.e., right, 

wrong, omitted) as well as the difficulty, discriminating ability, and “guess ability” of each item, 

placing each respondent at a particular point, q (theta), on a continuous ability scale. Taken 

together, the three parameters for each item define a logistic function that represents the 

probability of a child answering the item correctly. The parameters were also used to create the 

IRT scale scores, T-scores, and proficiency scores, which will be described below in the 

Reading Achievement Scores section. 

After the parameters were estimated, actual performance on the shared items in each 
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round was compared with performance predicted by the IRT item and ability parameters. This 

allowed for the identification of discrepancies in terms of item difficulty at the different grade-

levels. If the items displayed large differences in relative difficulty over time, then they would 

not be considered common items to compute estimates in gains over time. For the ECLS-K 

assessment, all reading items showed small differences between the actual and predicted 

performance, indicating common functioning of the items over time and good fit to the IRT 

model. Accordingly, once the final scoring procedures were developed and validated, the direct 

reading assessment was ready for administration. 

Administration of the Reading Achievement Measure  

The sections below describe the process for the language screening and routing 

procedures as well as test administration at each wave of data collection used in the current 

study.  

Language screening. In the fall of kindergarten, if children were identified from their 

school records or by their teacher as speaking a language other than English as their primary 

language, then they were administered a language screening assessment prior to the reading 

assessment. This language screening was used to determine whether a child would be able to 

understand and respond to assessment questions in English. Spanish-speaking children who did 

not pass this language screener, based on an established cut-off score, received a reduced and 

translated version of the ECLS-K assessment. This reduced and translated version did not 

include the direct reading assessment. Non-Spanish speaking children who did not pass the 

language screening were excluded from the fall kindergarten assessment, and those who passed 

the language screening received the full English direct assessment.  
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In the spring of kindergarten and in the spring of first grade, children who passed the 

language screening at the previous assessment were immediately routed to take the reading 

assessment in English. Those who did not pass the language screening at the previous assessment 

retook the language screening and were routed according to their language screening score in the 

same manner as in the fall of kindergarten. After first grade, the language screening was no 

longer administered, and all children, regardless of English language proficiency, were 

administered the full English direct reading assessment. In sum, in the fall and spring of 

kindergarten and in first grade, children who were not proficient in English, based on their 

language screening score, did not take the direct reading assessment. 

Two-stage routing procedures. In order to increase measurement accuracy and decrease 

administration time, the direct cognitive assessment occurred in two stages at all waves of 

assessment. The first stage was a routing stage in which 12 to 20 reading items ranging in level 

of difficulty were administered to all children. A child’s performance on the routing stage 

determined what form was used at the second stage of testing.  

For the kindergarten through fifth-grade reading assessments, there were low, middle, 

and high difficulty second-stage forms. In eighth grade, the reading assessment was changed to 

only include two second-stage forms: a low and a high form. Accordingly, the routing stage 

provided an estimate of the child’s achievement level, so that the form with appropriate level of 

difficulty could be administered during the second stage. In the second stage, children answered 

questions that were appropriate for their level of ability. Therefore, frustration from answering 

too easy and/or too hard of questions along with administration time was minimized.  

Developmental progression of reading achievement. Based on Chall’s (1983) stages of 

reading development, learning to read is a cumulative process. In other words, once basic 
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reading skills are attained, more complex understanding and analysis of written text can occur. 

This developmental and cumulative process of reading is represented in the kindergarten through 

eighth-grade reading assessments administered to participants in the current study. As students 

progressed from kindergarten through eighth grade, basic reading skills became less of a focus in 

the assessment, while more complex comprehension became more of a focus. The different 

proficiency levels assessed at each level, as described below, further illustrate this developmental 

progression. 

Kindergarten reading achievement. Reading achievement scores from both the fall of 

kindergarten (1998) and spring of kindergarten (1999) are used for this study. Testing at both of 

these time points was conducted in a one-on-one testing session via CAI. The fall testing session 

took approximately 50-70 minutes beginning in September and ending in December, and it 

included cognitive, psychomotor, and physical components. In the spring, the assessment 

included only the cognitive and physical components and was conducted between March and 

June. At both time points, the reading assessment, which was included as part of the cognitive 

assessment battery consisted of questions in three subject areas: language and literacy (i.e., 

reading), mathematical thinking, and general knowledge. Children responded verbally or by 

pointing, and they were not asked to write or explain their reasoning.  

The language and literacy, or reading assessment, in both the fall and spring of 

kindergarten were identical. It included questions designed to measure basic skills (i.e., print 

familiarity, letter recognition, beginning and ending sounds, rhyming sounds, word recognition), 

vocabulary (i.e., receptive vocabulary), and comprehension (i.e., listening comprehension, words 

in context). Five proficiency levels were evaluated during the reading assessment to reflect a 

sequence of skill development. The five levels were: (1) identifying upper- and lower-case letters 
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of the alphabet by name (letter recognition); (2) associating letters with sounds at the beginning 

of words (beginning sounds); (3) associating letters with sounds at the end of words (ending 

sounds); (4) recognizing common words by sight (sight words); and (5) reading words in context 

(comprehension of words in context).  

First-grade reading achievement. First-grade reading achievement scores from the 

spring of 2000 are used for this study. Testing was conducted in a one-on-one testing session via 

CAI. The direct child assessment took approximately one hour, and it included cognitive and 

physical components. Like the kindergarten direct cognitive assessment, the first-grade direct 

cognitive assessment focused on three subject areas: language and literacy (i.e., reading), 

mathematical thinking, and general knowledge. Children responded verbally or by pointing, as 

they did in the kindergarten assessment. The content of the first-grade reading assessment was 

identical to the kindergarten reading assessment, except that the number of reading items was 

increased by adding more difficult vocabulary and text. Still, the same five proficiency levels 

from the kindergarten assessment were of focus during the first-grade assessment. 

Third-grade reading achievement. Third-grade reading achievement scores from the 

spring of 2002 are used for this study. Testing was conducted in a one-on-one testing session via 

CAI. The direct child assessment took approximately 90 minutes, and it included cognitive and 

physical components as well as a newly added child-completed socio-emotional component. The 

third-grade cognitive assessment included reading and mathematics as were included in 

kindergarten and first grade, but the general knowledge domain was changed to a science 

domain. Also in third grade, children gave not only pointing and verbal responses but also 

responded to reading passages and questions in booklet format. The administrator read all 

questions to the child, but the child read the multiple-choice response options individually. 
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The third-grade reading assessment included items that were designed to measure 

phonemic awareness, single word decoding, vocabulary, and comprehension. Items from the two 

highest proficiency levels on the kindergarten and first-grade reading assessment were retained, 

and three additional proficiency levels were added. Thus, the third-grade proficiency levels 

included two from the kindergarten and first-grade reading assessment along with three others: 

(4) recognizing common words by sight (sight words); (5) reading words in context 

(comprehension of words in context); (6) making inferences using cues that were directly stated 

with key words in text (literal inference); (7) identifying clues used to make inferences 

(extrapolation); and (8) demonstrating understanding of author’s craft and making connections 

between a problem in the narrative and similar life problems (evaluation). 

Fifth-grade reading achievement. Fifth-grade reading achievement scores from the 

spring of 2004 are used for this study. Testing was conducted in a one-on-one testing session via 

CAI. On average, fifth-grade assessments were completed within 96 minutes, and it included the 

same components as the third-grade assessment (i.e., cognitive, physical, and socio-emotional) as 

well as a child-completed food consumption questionnaire. The direct cognitive assessment also 

evaluated the same academic areas as the third-grade assessment: reading, mathematics, and 

science. To complete the fifth-grade assessment, children answered with pointing and verbal 

responses and were also given reading passages and questions in booklet format. The 

administrator read all questions to the child, but the child read the multiple-choice response 

options individually. 

The fifth-grade reading assessment retained the four highest proficiency levels from the 

third-grade reading assessment and added one higher proficiency level. Therefore, the 

proficiency levels for the fifth-grade reading assessment included: (5) reading words in context 
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(comprehension of words in context); (6) making inferences using cues that were directly stated 

with key words in text (literal inference); (7) identifying clues used to make inferences 

(extrapolation); (8) demonstrating understanding of author’s craft and making connections 

between a problem in the narrative and similar life problems (evaluation); and (9) 

comprehension of biographical and expository text (evaluating non-fiction).  

 Eighth-grade reading achievement. Eighth-grade reading achievement scores from the 

spring of 2004 are used for this study. Unlike the previous rounds of assessment, the eighth-

grade assessments were administered in a group format using pencil and paper tests. On average, 

eighth-grade assessments were completed within 80 minutes, and it included the same 

components as the third- and fifth-grade assessments (i.e., cognitive, physical, and socio-

emotional) as well as a child-completed food consumption questionnaire. The direct cognitive 

assessment also evaluated the same academic areas as the third- and fifth-grade assessments: 

reading, mathematics, and science. To complete the assessment, children were given a first stage 

routing booklet for all three subjects, and they responded on answer sheets. The administrator 

then scored the routing form responses, while the children completed the socio-emotional self-

questionnaire. Then, based on their scores on the first stage routing tests, children were given 

second-stage booklets, where they responded directly in the booklets. 

The eighth-grade reading assessment retained the lowest proficiency level as well as the 

two highest proficiency levels from the fifth-grade reading assessment and added one higher 

proficiency level. Therefore, the proficiency levels for the eighth-grade reading assessment 

included: and (5) reading words in context (comprehension of words in context); (8) 

demonstrating understanding of author’s craft and making connections between a problem in the 

narrative and similar life problems (evaluation); (9) comprehension of biographical and 
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expository text (evaluating non-fiction); and (10) evaluating complex syntax and understanding 

high-level vocabulary (evaluating complex syntax). 

Reading Achievement Scores 

There are a number of different types of scores available from the direct cognitive 

assessment of the ECLS-K. First, number-right scores are raw scores, consisting of the number 

of items a child answered correctly. Similarly, there are item cluster scores, which are raw scores 

for the number of correctly answered items on a small subset of items. Third, proficiency level 

scores reflect a child’s specific skills within a content area. Two types of scores are reported for 

proficiency levels: one score is a single indicator of the highest level mastered, and the other 

score is a set of IRT-based probability scores for each proficiency level. Scores in the data file 

that represent the highest proficiency level mastered are the numerical value reflective of that 

proficiency level. A score of zero indicates non-mastery of the lowest proficiency level. The 

second type of proficiency score, proficiency probability scores, estimates the probability of 

mastery of each level, ranging from zero to one. 

Of interest in the current study are IRT scale scores and T-scores. As mentioned above, 

T-scores are used to define the LRA group and IRT scale scores are used as the measure of 

reading achievement in the analysis model. To create the IRT scale scores and T-scores, IRT 

item parameters and ability estimates were used. For each item, a child’s probability of a correct 

answer was computed, even for items that were not administered to the child. This probability of 

answering an item correct was calculated using the child’s ability estimate and item parameters. 

Then, the probabilities for each item were added together to get a scale score for each domain, 

and this score represents an estimate of the number of items the child would have answered 

correctly if he/she had taken all 212 reading items. Therefore, the IRT scale score for each grade-
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level are comparable to one another, because it is based on the same number total number of 

items (i.e., 212). IRT reading scale scores range from 0 to 212. The weighted means and standard 

deviations of the reading IRT scale scores for the entire ECLS-K sample are presented in Table 

19. Reliability of IRT reading scale scores ranges from 0.87 to 0.96.  

Furthermore, the T-scores are theta estimates transformed to a metric of a mean of 50 and 

a standard deviation of 10. T-scores are an indicator of the child’s performance compared to the 

population average and how this changes over time. The T-scores provide a standardized metric 

to determine which children in the sample fall at, above, or below a certain percentile. Reading 

T-scores range from 0 to 96. Reliability coefficients for T-scores are the same as the IRT scale 

scores, because the T-scores are derived from the IRT scale scores. 

Covariates 

The covariates described below are time invariant (i.e., do not change over time). These 

variables were chosen as covariates in order to minimize their differential effects on reading 

achievement over time. In addition to the covariates described in the literature review, grade 

retention is not be used a control variable, as it is important to examine how the variance of those 

who were retained contributes to reading achievement over time.  

 Gender. The gender covariate is a composite of the child’s gender based on information 

from the fall kindergarten parent interview.  

Race/ethnicity. The race covariate is a composite of the child’s race based on parent 

report during the fall kindergarten interview. This composite included eight categories: White, 

non-Hispanic; African American or African-American, non-Hispanic; Hispanic, race specified; 

Hispanic, no race specified; Asian; Native Hawaiian or other Pacific Islander; Native American 

or Alaskan Native; and more than one race specified, non-Hispanic.  
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Socioeconomic Status (SES). The SES covariate used in the current study is a composite 

of three indicators (i.e., household income, parent education, and parent occupation), which is 

based on parent report of these variables during both the fall and spring kindergarten interview. 

Kindergarten SES was chosen as a time invariant covariate, because the current study is 

interested in the early effects of SES on neurological development and reading achievement. 

Further, SES only changes by about one tenth of a point on the continuous scale from 

kindergarten to eighth grade (see Table 20). It is also highly correlated with the SES variable at 

each other time point (see Table 21). These correlations range from 0.74 to 0.92. As a result, it is 

appropriate to control for SES using the kindergarten time point. 

Because both parents did not always respond to all questions related to SES in both the 

fall and spring of kindergarten, there was frequent missing data for each of the indicators. This 

missing data ranged from 2% to 28% for the different indicators. Therefore, ECLS-K researchers 

used a hot deck imputation method to impute missing values of all SES components. Using this 

methodology, the value reported by one respondent was used for a similar person with missing 

data. Chi-squared Automatic Interaction Detector (CHAID), a categorical search algorithm, was 

used to determine the best predictors for assigning values to those with missing data. Moreover, 

when households only had one parent, the available indicators were averaged to compute SES. 

SES is a continuous composite that ranges from -4.75 to 2.75, with higher SES 

corresponding to higher values. Each indicator was standardized to have a mean of 0 and a 

standard deviation 1. Further information about each of the indicators is discussed below. 

Household income. Household income represents the primary caregiver’s annual 

reported income. These data were collected from the spring kindergarten parent interview. 
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Parent education. During the fall kindergarten parent interview, the responding parent 

reported the highest level of education attained. Education level was recoded categorically from 

1 to 9 (i.e., 1 = 8th grade or below; 2 = 9th to 12th grade, 3 = high school diploma/equivalent, 4= 

vocational/technical program, 5 = some college, 6 = Bachelor’s degree, 7 = graduate/professional 

school/no degree, 8 = Master’s degree, 9 = Doctorate or professional degree). 

Parent occupation. Parents’ occupation was recoded to reflect the average of the 1989 

General Social Survey (GSS; Nakao & Treas, 1992). This was carried out by averaging the 

corresponding prestige score from the 1998 Census occupational category codes, which were 

previously matched to the ECLS-K occupation codes. Information about parent’s occupations 

was collected in the fall of kindergarten 

Age at fall kindergarten assessment. Age at fall kindergarten assessment was chosen as 

a time invariant covariate, because it is highly correlated with the child’s age at assessment at 

each other time point (see Table 22). These correlations range from .94 to .99, suggesting that 

these variables are collinear. As a result, it is appropriate to control for age using the fall 

kindergarten time point. 

The age covariate is a composite of the child’s age in months taken at the fall assessment. 

It was calculated by determining the number of days between the child’s assessment date and the 

child’s date of birth and dividing by 30.  
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Table 17 
 
Summary of ECLS-K Variables Corresponding to Constructs and Covariates 

Construct ECLS-K Variables ECLS-K Data Source 
1. Reading Achievement 

Fall Kindergarten 
a. Reading Scaled Score (Fall 

Kindergarten) 
a. Direct Child Cognitive 

Assessment 
2. Reading Achievement 

Spring Kindergarten 
a. Reading Scaled Score (Spring 

Kindergarten) 
a. Direct Child Cognitive 

Assessment 
3. Reading Achievement 

First Grade 
a. Reading Scaled Score (First 

Grade) 
a. Direct Child Cognitive 

Assessment 
4. Reading Achievement 

Third Grade 
a. Reading Scaled Score (Third 

Grade) 
a. Direct Child Cognitive 

Assessment 
5. Reading Achievement 

Fifth Grade 
a. Reading Scaled Score (Fifth 

Grade) 
a. Direct Child Cognitive 

Assessment 
6. Reading Achievement 

Eighth Grade 
a. Reading Scaled Score (Eighth 

Grade) 
a. Direct Child Cognitive 

Assessment 
7. Covariates a. Gender 

b. Race 
c. SES 
d. Age (at kindergarten fall 

assessment) 

a./b./c./d. Parent Interview    
                Questionnaire 
 

 
Table 18 

Percentage of Test Items Representative of Each Reading Skill by Grade of Assessment 

 
 
 
 
 
 
 
 
 

   Reading Comprehension Skills  
Grade Levels Total Basic 

Skills 
Vocabulary Initial 

Understanding/ 
Developing 

Interpretation 

Personal 
Reflection 

Critical 
Stance 

Percent of Testing Time 
Kindergarten 100 40 10 35 10 5 
1st Grade 100 40 10 35 10 5 

Percent of Test Items 
3rd Grade 100 15 10 45 15 15 
5th Grade 100 10 10 45 15 20 
8th Grade 100 0 0 55 15 30 
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Table 19 
 
Weighted Means and SDs of Reading IRT Scale Scores for Entire ECLS-K Sample 

Variable Weighted Mean SD 
K1 reading IRT scale score 35.47 9.86 
K2 reading IRT scale score 46.52 13.88 
1st grade reading IRT scale score 77.07 23.70 
3rd grade reading IRT scale score 125.70 28.57 
5th grade reading IRT scale score 148.67 26.85 
8th grade reading IRT scale score 167.24 28.03 

 

Table 20 

Weighted Mean SES and SD of Final Sample Over Time 
Variable Weighted Mean SD 

Kindergarten SESa -0.51 0.64 
1st grade SES -0.58 0.61 
3rd grade SES -0.59 0.65 
5th grade SES -0.60 0.65 
8th grade SES -0.64 0.65 

Note. aSES for kindergarten is based on both fall and spring data.
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Table 21 

Correlation Matrix for SES 
 Kindergarten SES 1st grade SES 3rd grade SES 5th grade SES 8th grade SES 
Kindergarten SES -- -- -- -- -- 
1st grade SES .81*** -- -- -- -- 
3rd grade SES .80*** .88*** -- -- -- 
5th grade SES .74*** .85*** .92*** -- -- 
8th grade SES .77*** .85*** .90*** .91*** -- 

Note. * p < .05; ** p < .01; *** p < .001. 

Table 22 

Correlation Matrix for Age 
 K1 Age K2 Age 1st grade Age 3rd grade Age 5th grade Age 8th grade Age 
K1 Age -- -- -- -- -- -- 
K2 Age .95*** -- -- -- -- -- 
1st grade Age .95*** .99*** -- -- -- -- 
3rd grade Age .98*** .94*** .95*** -- -- -- 
5th grade Age .97*** .94*** .94*** .98*** -- -- 
8th grade Age .98*** .94*** .95*** .98*** .98*** -- 

Note. Note. K1 = fall of kindergarten; K2 = spring of kindergarten.* p < .05; ** p < .01; *** p < .001.
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Research Questions and Hypotheses 

Table 23 contains a summary of the four research questions and their corresponding 

statistical analyses. 

Question 1 

To what extent do SES, gender, race, and age predict whether a student will be identified 

as having either RD or LRA between first and fifth grade? 

Hypothesis 1a. SES will predict whether a student is identified with RD. Research 

indicates that children with lower SES are more likely to be found eligible for special education 

services for RD than are those who are not experiencing low SES. Accordingly, it is 

hypothesized that those with lower SES are more likely to be identified to receive special 

education services in school. 

Hypothesis 1b. Gender will predict whether a student is identified with RD. The extant 

literature indicates that boys are more likely to be referred for special education services. As a 

result, gender is hypothesized to significantly predict RD special education eligibility. 

Hypothesis 1c. Race will predict whether a student is identified with RD. Previous 

research suggests that children from racial minorities are disproportionally over-represented in 

special education, and, therefore, race is hypothesized to predict identification as a student with a 

disability. 

Hypothesis 1d. Age at kindergarten assessment will predict whether a student is 

identified with RD. Younger children have been found to be more likely to receive a RD 

diagnosis, so it is hypothesized that younger children will be more likely to receive special 

education services. 
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Question 2 

How does initial reading achievement in the fall of kindergarten compare between 

children who received special education services and non-identified children with LRA with 

SES, gender, race, and age controlled? 

Hypothesis 2. No research has compared RD and LRA groups at the start of 

kindergarten, so how they will differ is unknown. Still, it is hypothesized that children with RD 

will have lower initial reading achievement scores in the fall of kindergarten compared with 

children with LRA. Research suggests that those with RD have the severest reading difficulties, 

as a result of phonological deficits. Prior to the fall of kindergarten, it is unlikely that participants 

received significant instruction in phonological awareness and the alphabetic principle, so 

children with RD will likely have the lowest achievement at this point.  

Question 3 

How does the pattern, or shape, of reading growth from kindergarten through eighth 

grade compare between children who received special education services and non-identified 

children with LRA with SES, gender, race, and age controlled? 

Hypothesis 3. It is hypothesized that the two groups will have similar patterns, or shapes 

of reading growth, but that there will be differences in their growth rates. Based on the 

compensatory trajectory of reading development, it is hypothesized that children who receive 

special education services for RD will have a faster rate of growth than children with LRA who 

do not receive special education services. However, research that examined the compensatory 

trajectory only compared children with RD to those without, so this will be one of the first 

studies to compare the rates of change between those with RD and those with LRA over an 

extended period of time. 
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Question 4 

How do reading achievement outcomes in the spring of eighth grade compare between 

children who received special education services and non-identified children with LRA with 

SES, gender, race, and age controlled? 

 Hypothesis 4. Minimal research has examined outcomes between the two groups later in 

their academic careers, so it is unclear how they will differ at the end of eighth grade. 

Nonetheless, given the research that suggests that children with RD have poorer academic 

outcomes than children without RD, it is hypothesized that the children in the RD group will 

have significantly poorer academic achievement at the end of eighth grade compared to students 

with LRA. This hypothesis is also based on research that suggests that those requiring special 

education services are those with the most difficult to remediate reading problems.
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Table 23 
 
Summary of Study Hypotheses and Analyses 

Hypothesis Analysis Variables Method 
Hypotheses 1a-1d Effect of covariates 

on group status  
SES (independent predictor) 
Gender (independent predictor) 
Race (independent predictor) 
Age (independent predictor) 
Group status (RD vs. LRA; dependent) 

Multiple logistic 
regression 

Hypothesis 2 Intercept (initial 
level) analysis with 
kindergarten 

SES (independent predictor) 
Gender (independent predictor) 
Race (independent predictor) 
Age (independent predictor) 
K-8th grade reading achievement (dependent) 

Multiple group 
latent growth 
model 

Hypothesis 3 Shape analysis SES (independent predictor) 
Gender (independent predictor) 
Race (independent predictor) 
Age (independent predictor) 
K-8th grade reading achievement (dependent) 

Multiple group 
latent growth 
model 

Hypothesis 4 Intercept (initial 
level) analysis with 
eighth grade 

SES (independent predictor) 
Gender (independent predictor) 
Race (independent predictor) 
Age (independent predictor) 
K-8th grade reading achievement (dependent) 

Multiple group 
latent growth 
model 
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Data Analyses 
 
 Statistical Package for the Social Science (SPSS) version 24.0 was used to prepare data 

and run preliminary analyses, including descriptive analyses. MPlus student version 7.4 (Muthén 

& Muthén, 2012) was used to model the data. To select the sample for the current study based on 

inclusionary and exclusionary criteria and run preliminary analyses, variables of interest were 

imported into SPSS. Final analyses were conducted with and without replicate weights. All data 

analyses were conducted on a freestanding computer in Michigan State University’s Erickson 

Hall, as per the restricted-use license agreement. Approval for use of the ECLS-K restricted-use 

data set was obtained from the Institute of Education Sciences (IES) and Michigan State 

University Institutional Review Board (IRB; see Appendix). 

Preliminary Analyses 

Before testing the latent growth curve model, preliminary analyses were conducted. 

Descriptive statistics were run using variables of interest to provide a better understanding of the 

ECLS-K sample and constructs of interest. Descriptive statistics of the covariates and outcome 

variables are presented in Table 24. Chi-square tests were conducted to determine if there were 

significant differences on all categorical study variables between the RD and LRA groups (see 

Table 25 and Table 26). Independent samples t-tests were conducted to determine if there were 

significant differences on all continuous variables between the RD and LRA groups (see Table 

27 and Table 28). Additionally, a correlation matrix (see Table 29 and Table 30) for all variables 

of interest were run to screen for multicollinearity, and the distribution of variables were 

examined using graphs to address potential problems with outliers and a skewed distribution.  
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Logistic Regression  

Logistic regression was used to answer research question one. Logistic regression is the 

appropriate regression technique to use when the dependent variable is binary (Field, 2013). 

Thus, for research question one, the goal was to examine whether the covariates predict the 

likelihood of being identified as a member of the RD group or the LRA group. The covariates 

included as predictors in the logistic regression model were gender, race, SES, and age at fall 

kindergarten assessment. If the variables significantly predicted group membership, then they 

were to be included in the final latent growth model analysis. 

Latent Growth Model (LGM) Analyses 

Latent growth model (LGM) analyses was used to answer research questions two through 

six. LGM is a special case of SEM. It is considered one of the most powerful approaches to 

analyzing growth trajectories, because it allows for the examination of both within- and between-

person differences in change over time. To use LGM, there are three major requirements: (1) a 

continuous dependent variable measured on at least three different occasions; (2) scores that 

have the same units across time; and (3) cases that are all tested at the same intervals, though the 

intervals do not need to be equal (Kline, 2011). 

There are a number of advantages of using LGM over other methods, such as analysis of 

variance (ANOVA) and multilevel modeling (e.g., hierarchical linear modeling (HLM)). LGM 

allows for the investigation of interindividual differences in change over time, and the researcher 

can investigate antecedents and consequences of change (Preacher, Wichman, MacCallum, & 

Briggs, 2008). LGM provides group-level statistics (e.g., mean growth rate and mean intercept), 

tests hypotheses about specific trajectories, and allows for the incorporation of both time-varying 

and time invariant covariates (Preacher et al., 2008). LGM offers the same advantages of SEM, 



	

	 123 

which includes the ability to evaluate the adequacy of models using fit indices and model 

selection criteria, the ability to account for measurement error by using latent repeated measures, 

and the ability to deal effectively with missing data (Preacher et al., 2008).  

Despite these advantages, certain assumptions for LGM with maximum likelihood (ML) 

must be met. Most of the assumptions involve the distributions of latent variables (i.e., intercept, 

slopes, and disturbances), but because these variables are unobservable, their characteristics are 

assumed. It is assumed that (1) the means of all latent variables, error terms, and factors have 

zero variance; (b) the variances of all latent variables have zero means; (c) the means and 

variance of latent variables do not covary; and (d) the error variances do not covary with each 

other or with any variables except the measured variables they directly affect (Duncan, Duncan 

& Strycker, 2013). Lastly, to use ML estimation, it is assumed that the observed variables are 

derived from population distributions with multivariate normality and kurtosis (Preacher et al., 

2008). Because the current sample does not uphold the multivariate normality assumption, 

maximum likelihood estimation with robust standard errors (MLR) was used to estimate model 

parameters. MLR parameter estimates are robust to non-normality and non-independence of 

observations (Muthén & Muthén, 2012). 

In a typical linear application of LGM, six parameters are estimated. These include the 

mean intercept and slope, the intercept and slope variances and covariance, and a disturbance 

variance that remains constant over repeated measures (Preacher et al., 2008). The remaining 

parameters are typically constrained to zero or to values that are consistent with a certain change 

pattern (Preacher et al., 2008). In a linear model, the intercept and slope are the two latent 

variables of interest. These two latent variables, or factors, are not psychological constructs, but 

represent patterns of change in y. The intercept factor represents the level of the outcome 
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measure, y, at which the time variable equals zero, and the slope factor represents the linear rate 

at which the outcome measure changes (Preacher et al., 2008). Loadings on the intercept factor 

are fixed to one to represent the influence of a constant on the repeated measures. Loadings on 

the slope factor are fixed to a linear progression to represent linearly increasing growth over 

time.  

When growth does not appear to be linear, a non-linear LGM model can be used. One 

example of a non-linear LGM is called a latent basis growth model (McArdle & Epstein, 1987; 

Meredith & Tisak, 1990). In a latent basis growth model, an initial level and a shape factor are 

estimated. The shape factor is the predicted amount of change in the outcome variable of interest 

between at least two time points that are fixed. For example, the first time point in the model 

would be fixed at zero and the last time point in the model would be fixed at one. The time 

points in between are then freely estimated. As in a linear model, the total amount of change is 

perfectly related to the rate of change, because there is only one change component; in contrast 

to the linear model, the rate of change is not constrained to be constant across time in the latent 

basis model (Grimm, Ram, & Hamagami, 2011).  Furthermore, a latent basis model can capture 

many non-linear change patterns because it does not have a specific functional form, and it 

rescales time for optimal fit (Grimm et al., 2011). 

General procedures. In order to fully examine the reading growth trajectories of 

children with RD and children with LRA, a number of LGM models were examined. First, 

unweighted and weighted unconditional models (i.e., models without covariates) were fit to the 

data. The purpose of these models was to determine the longitudinal change in reading 

achievement across the entire sample (i.e., both children with RD and children with LRA). Once 

the nature of the longitudinal change was established, then weighted and unweighted conditional 
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models (i.e., model with covariates) were fit to the data. These conditional models were used to 

examine the relationship among the latent growth factors and the covariates across the entire 

sample (i.e., both children with RD and children with LRA). 

With the nature of the longitudinal change established as well as the relationship between 

the relationship among the latent growth factors and the covariates examined, multiple group 

LGM was conducted. For the multiple group analyses, the unweighted and weighted conditional 

models were used, because the nature of the longitudinal change had already been established 

across the entire samples using the unconditional model. Prior to running the multiple group 

LGM, the conditional latent basis model with residual covariances/regressions were run 

separately for each group. Once fit was adequate in each group, then three different multiple 

group LGMs were conducted. The first multiple group LGM determined whether there were 

group differences in the initial level of reading achievement, the second multiple group LGM 

examined whether there were group differences in the shape, or pattern of change in reading 

achievement over time, and the third multiple group LGM assessed whether there were group 

differences in the reading achievement outcomes in eighth grade. For each of these three 

analyses, there was an unconstrained and a constrained model (Acock, 2005; Duncan et al., 

2006). In the unconstrained model, none of the estimates were set to be equal across groups. In 

the constrained model, the parameter of interest was constrained to be equal across groups. In the 

models examining group differences in the initial level, the initial levels were constrained to be 

equal. In the models examining group differences in the shape, the basis coefficients were 

constrained to be equal. In the models examining group differences in the eighth-grade 

outcomes, the eighth-grade time point was used as the initial level, and then the initial levels 

were constrained to be equal. In this model, the kindergarten fall time point was fixed to -1; the 
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kindergarten spring, first grade, third grade, and fifth grade time points were freely estimated; 

and the eighth-grade time point was fixed to zero. The zero point of the time scale determines the 

time at which to interpret the parameter estimates (Rogosa & Willett, 1985), so by fixing the 

eighth-grade time point to zero, it can be interpreted as the initial level.  

 Model fit. Absolute and relative fit indices were used to determine model fit. The chi-

square statistic, an absolute fit index, was examined in all analyses. A significant chi-square 

value indicates that the model is not a good fit. A non-significant chi-square index (p > .01) 

indicates that the null hypotheses is not rejected, and the model does not significantly differ from 

the true population that generated the data (Duncan et al., 2006). However, the chi-square 

statistic is affected by sample size, which may lead to rejection of the null hypothesis even when 

there are differences between the observed and predicted covariances (Kline, 2011). Thus, 

additional fit indices that are not affected by large sample sizes were used. Comparative Fit 

Index (CFI) and Tucker-Lewis Fit Index (TLI) are relative fit indices, which both account for 

sample size (Kline, 2011). The CFI and TLI values greater than or equal to 0.90 indicate 

adequate fit (Bollen & Curran, 2006), although some suggest more stringent cutoff values of 

greater than or equal to 0.95 (Hu & Bentler, 1999). Finally, the Root Mean Square Error of 

Approximation (RMSEA) will be used as an indicator of absolute fit. The RMSEA provides an 

estimation of the model with optimal parameter estimates that fits the covariance matrix for the 

population. An RMSEA value less than or equal to 0.07 with an upper limit less than or equal to 

0.08 is considered adequate model fit (Hooper, Coughlan, & Mullen, 2008). Hu and Bentler 

(1999) suggest a more stringent RMSEA cutoff of less than or equal to 0.06. 

 Additionally, when comparing the model fit of different models, the Satorra-Bentler 

scaled chi-square difference test was used. This chi-square differences test uses the normal chi-
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square statistic and divides it by a scaling correction to better estimate chi-square under non-

normality (Muthén & Muthén, 2012). In MPlus, the Satorra-Bentler scaled chi-square difference 

test must be used when using MLR (Muthén & Muthén, 2012). 

For multiple group LGM, a chi-square significance test was conducted by calculating the 

chi-square difference statistic (i.e. the Satorra-Bentler scaled chi-square difference test) between 

the constrained and unconstrained models. If model fit significantly worsened when the 

parameter of interest was constrained, then group differences might exist (Kline, 2011). In other 

words, if the chi-square statistic was significant, this suggests the model parameters were 

unequal across groups.  

In addition to the Satorra-Bentler scaled chi-square difference test for the multiple group 

LGM, a Wald test was used to examine group differences in the initial level and the outcomes in 

eighth grade. A Wald test is very similar to the chi-square difference test; however, it only 

requires estimating one model, such that it tests whether two parameters are significantly 

different from each other. According to the UCLA: Statistical Consulting Group (2017), the chi-

square difference test and the Wald test will become asymptotically equivalent to each other as 

the sample size gets larger. In smaller samples, there may be slight differences between the two 

tests, but the two usually lead to the same conclusions (UCLA: Statistical Consulting Group, 

2017). A Wald test was not conducted to test whether there were differences in the shape, or 

basis coefficients, because MPlus does not allow for equality constraints to be placed in a growth 

statement. Therefore, the Wald test was used to compliment the Satorra-Bentler scaled chi-

square difference test for evaluating group differences in the initial level and the eighth-grade 

outcomes, although results of the Wald test and the Satorra-Bentler scaled chi-square difference 

test were expected to be similar. 
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Sensitivity Analyses 

Sensitivity analyses help researchers to demonstrate the robustness of their results and 

conclusions (Thabane et al., 2013). Sensitivity analyses test the effects of changing certain 

aspects of the study (e.g., method of analyses, cut-points used to define groups, outliers, method 

used to handle missing data) on the observed results (Thabane et al., 2013). If the results of the 

sensitivity analyses are consistent with those from the primary analyses and lead to similar 

conclusions, researchers can be more confident that the underlying factors had little or no 

influence on the primary results and conclusions (Thabane et al., 2013).  

In the current study, it is important to use sensitivity analyses to determine if the results 

of the study would change if the groups had been defined differently. The groups that were used 

in all of the analyses and serve as the basis for comparison were (1) RD group identified between 

first and fifth grade, and (2) LRA group identified using weighted average of first, third, and fifth 

grade T-scores. In each sensitivity analysis, either the RD or the LRA group was replaced with a 

group defined using different criteria. In other words, the four sensitivity analyses always 

maintained one of the original RD or LRA groups, while the other group was replaced with a 

group defined using different criteria. 

The first sensitivity analysis maintained the original RD group but utilized a LRA group 

that was defined using only one test score. The original LRA included students who had a 

weighted average T-score from the first, third, and fifth reading assessments that fell below the 

25th percentile. Thus, question becomes, would the results change if the LRA group was defined 

using only one reading assessment T-score below the 25th percentile, specifically from the third-

grade assessment? The third-grade assessment was chosen, because based on Chall’s (1983) 

stage theory, students are expected to know how to read by third grade, and by fourth grade, the 
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focus shifts from “learning to read” to “reading to learn.” Accordingly, the first sensitivity 

analysis included students in the LRA group if they performed below the 25th percentile on the 

direct reading assessment in third grade. 

The second sensitivity analysis maintained the original LRA group but included students 

who were identified to receive special education services due to RD at any point between 

kindergarten and fifth grade. In the original RD group, students identified as having a RD in 

kindergarten were excluded from the sample due to possible inaccurate classifications. 

Nonetheless, conducting a sensitivity analysis with those students identified as RD in 

kindergarten helped to determine whether the results might change when including those 

students. 

The third and fourth sensitivity analyses also maintained the original LRA group but 

included students who were identified to receive special education services due to RD at any 

point between first grade and fourth grade and first grade and third grade, respectively. Given 

that the core deficit of RD is widely suggested to be related to phonological awareness and 

related early reading skills, it is unlikely that students identified after third or fourth grade have 

the same type of reading deficits that are considered in phonological-deficit RD. Furthermore, 

researchers who study late-emerging RD typically study students before fifth grade, not older 

middle school students (e.g., Compton, Fuchs, Fuchs, Elleman, & Gilbert, 2008; Leach et al., 

2003; Lipka, Lesaux, & Siegel, 2006). Accordingly, some may argue that students in fourth and 

fifth grade should not be included in the RD group, as their reading deficits are different than 

those identified in earlier grades. As a result, the final two sensitivity analyses examined whether 

the results of the study change when the RD group included students identified between first 

grade and fourth grades and first and third grades. 
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CHAPTER 4 
RESULTS 

 
Preliminary Analyses 

Means and standard deviations of the covariates and outcome variables for the study 

sample are displayed in Table 24. Regarding the unweighted sample statistics, the mean 

kindergarten SES was -0.48 on a scale that ranges from -4.75 to 2.75. The mean kindergarten 

SES of the included sample was significantly lower than the mean kindergarten SES of the 

excluded sample, as described above, suggesting that this group of poor readers comes from 

families with lower socioeconomic backgrounds. Children in the included sample had a mean 

age of five years and six months of age in the fall of kindergarten, which was significantly 

younger than those in the excluded sample. The reading assessment IRT scale scores of the 

sample increased each year, but the greatest increases occurred between the springs of first and 

third grade and the springs of third and fifth grade. The mean IRT scale scores of the included 

sample were significantly less than the mean IRT scale scores of the excluded sample, as 

described above. Furthermore, the full sample included about 10% more boys than girls, whereas 

the difference in the excluded sample was only about 1%, and approximately 67% of the sample 

were children from diverse racial/ethnic groups. In the excluded sample, about 44% of the 

sample were children from diverse racial/ethnic groups. 

It was also necessary to compare the descriptive statistics of the unweighted sample to 

those of the weighted sample. In general, the unweighted and weighted samples were relatively 

similar (see Table 12 and Table 24). Specifically, regarding child race/ethnicity, the unweighted 

sample had about 8% less African American children, about 3% more Asian children, and about 

2% more Native American or Alaskan Native children than the weighted sample. All other 

differences in race/ethnicity between the unweighted and weighted samples were approximately 
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1% or less. For gender, the unweighted sample had 4% less boys than the weighted sample. 

Lastly, age, SES, and the reading assessment IRT scale scores differed only minimally between 

the unweighted and weighted samples.  

These minimal differences between the unweighted and weighted samples are important 

to keep in mind when reading further about the LGM analyses and subsequent results. Many of 

the LGM analyses using the weighted data produced non-positive definite covariance matrices 

(i.e., negative slope and intercept variances) and indicated that the models were not the best fit 

for the weighted data, likely resulting from extremely large variances in the reading assessment 

IRT scale scores. Thus, although the purpose of using weighted data would be to allow for the 

generalization of results to the national kindergarten class of 1998-1999 and mitigate issues 

related to non-response bias, weighted analyses were not always permissible in the current study. 

Nonetheless, given the informal comparisons between the unweighted and weighted samples, 

which suggest that the two samples were not entirely different in terms of demographic 

information and average reading IRT scale scores, the results using the unweighted data may 

generalize somewhat comparably to the national kindergarten class of 1998-1999. 

Differences Between RD and LRA Groups 

Weighted and unweighted group differences are displayed in Tables 25, 26, 27, and 28. 

With respect to unweighted group differences, the RD group had about 12% more boys than the 

LRA group, and the RD group was about 40% racially/ethnically diverse, whereas the LRA 

group was about 78% racially/ethnically diverse. These unweighted group differences in gender 

and race/ethnicity were statistically significant. The LRA group also had a significantly lower 

SES than the RD group, and the LRA group was about two months younger than the RD group 

at the fall of kindergarten, which was a statistically significant difference, although perhaps not a 
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clinically meaningful difference. Based on the unweighted data, the only significant differences 

between the two groups in reading assessment IRT scale scores were at the third- and eighth-

grade time points, in which the RD group outperformed the LRA group. 

 As with the unweighted data, the weighted RD group had about 12% more boys than the 

weighted LRA group. In terms of race/ethnicity, the weighted RD group was about 48% 

racially/ethnically diverse, whereas the weighted LRA group was about 75% racially/ethnically. 

That is, the RD group became 8% more racially/ethnically diverse when the weighted data was 

used, but the LRA group remained relatively the same. The group differences in gender and 

race/ethnicity were statistically significant, as they were in the unweighted samples. In addition, 

the weighted samples’ SES and age remained quite similar to that of the unweighted sample, and 

the differences between the RD and LRA groups’ SES and age with the weighted data were also 

statistically significant. Lastly, in regard to the reading assessment IRT scale scores with the 

weighted samples, the scores at each grade level remained within two to three points of the 

scores using the unweighted data; however, there were more significant differences between the 

RD and LRA groups’ scores when the weighted data were used. More specifically, the RD group 

significantly outperformed the LRA group at the fall kindergarten, third-grade, fifth-grade, and 

eighth-grade time points, and the LRA group significantly outperformed the RD group in the fall 

of kindergarten. Differences in the two group’s scores at the first-grade time point were not 

significant. Still, it is important to note that while some of the differences in the reading 

assessment IRT scale scores in the weighted groups were statistically significant, such 

differences may not be clinically significant. For example, the two groups differed by three-

tenths of a point and two-tenths of a point at the fall of kindergarten and spring of kindergarten 

time points, respectively. Consequently, the unweighted and weighted samples appeared 
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relatively similar even when examining differences between the RD and LRA groups, such that 

the LGM analyses with the unweighted data may not be extremely different from the LGM 

analyses with the weighted data. 
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Table 24 

Descriptive Statistics for Full Sample 
Variable Mean SD Range Weighted Mean Weighted SD 
Kindergarten SES -0.48 0.69 -4.47-2.25 -0.51 0.64 
      
Age at Fall Kindergarten Assessment 67.77 4.70 45.77-86.40 67.67 4.55 
      
Reading Assessment IRT Scale Score      
K1 28.45 4.11 21.07-47.61 28.27 3.96 
K2 35.86 5.62 23.40-52.05 35.65 5.48 
1st  52.72 9.89 25.56-105.03 52.30 9.68 
3rd  90.07 15.52 51.46-155.11 89.71 15.47 
5th  116.78 17.94 67.79-172.78 116.26 18.23 
8th  138.18 25.86 86.63-204.64 135.65 26.10 
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Table 25 
 
Unweighted Descriptive Statistics Comparison Between RD and LRA Groups for Categorical Variables 
Characteristics RD Sample N (%) LRA Sample N (%) Chi-Square (df) 
Total 300 780  
    
Child Gender   11.62 (<10)** 
Male 190 (64.0%) 410 (52.4%)  
Female 110 (36.0%) 370 (47.6%)  
    
Child Race/Ethnicity   144.66 (10)*** 
White/Non-Hispanic 180 (60.3%) 170 (22.3%)  
African American/African-American 30 (10.4%) 170 (21.8%)  
Hispanic, Race Specified 30 (9.4%) 120 (15.4%)  
Hispanic, No Race Specified 30 (11.1%) 190 (24.8%)  
Asian, Non-Hispanic 10 (2.4%) 50 (5.8%)  
Native Hawaiian or Other Pacific Islander <10 (1.0%) 10 (1.5%)  
Native American or Alaskan Native 10 (3.4%) 50 (6.9%)  
More Than One Race 10 (2.0%) 10 (1.4%)  

Note. * p < .05; ** p < .01; *** p < .001. 
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Table 26 
 
Weighted Descriptive Statistics Comparison Between RD and LRA Groups for Categorical Variables 
Characteristics RD Sample N (%) LRA Sample N (%) Chi-Square (df) 
Total 160,014 473,957  
    
Child Gender   2241.43 (1)*** 
Male 103,565 (64.7%) 274,935 (58.0%)  
Female 56,449 (35.3%) 199,022 (42.0%)  
    
Child Race/Ethnicity   43425.18 (7)*** 
White/Non-Hispanic 83,261 (52.0%) 116,160 (24.6%)  
African American/African-American 27,779 (17.4%) 139,190 (29.4%)  
Hispanic, Race Specified 16,608 (10.4%) 70,041 (14.8%)  
Hispanic, No Race Specified 24,266 (15.2%) 109,581 (23.2%)  
Asian, Non-Hispanic 1,609 (1.0%) 10,276 (2.2%)  
Native Hawaiian or Other Pacific Islander 355 (0.2%) 4,064 (0.9%)  
Native American or Alaskan Native 3,982 (2.5%) 19,694 (4.2%)  
More Than One Race 2,254 (1.3%) 3,755 (0.8%)  

Note. * p < .05; ** p <.01; *** p < .001. 
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Table 27 
 
Unweighted Descriptive Statistics Comparison Between RD and LRA Groups for Continuous Variables 
Variable RD Group LRA Group Independent Samples t-

test (df)  N Mean (SD) N Mean (SD) 
Kindergarten SES 290 -0.25 (.66) 740 -0.57 (.68) 6.85 (1030)*** 
      
Age at Fall Kindergarten Assessment 300 69.26 (5.02) 780 67.21 (4.44) 6.53 (1080)*** 
      
Reading Assessment IRT Scale Score      
K1 260 28.77 (4.30) 550 28.30 (4.01) 1.52 (810) 
K2 270 35.67 (6.22) 610 35.94 (5.33) -0.67 (870) 
1st  280 53.44 (11.28) 680 52.42 (9.25) 1.45 (950 
3rd  280 91.73 (21.10) 770 89.47 (12.92) 2.07 (1040* 
5th  290 118.40 (22.14) 780 116.19 (16.10) 1.78 (1060) 
8th  270 141.81 (29.21) 780 136.92 (24.49) 2.68 (1050)** 

Note. K1 = fall of kindergarten; K2 = spring of kindergarten. * p < .05; ** p <.01; *** p < .001. 
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Table 28 
 
Weighted Descriptive Statistics Comparison Between RD and LRA Groups for Continuous Variables 
Variable RD Group LRA Group Independent 

Samples t-test (df)  N Mean (SD) N Mean (SD) 
Kindergarten SES 154,302 -0.30 (0.65) 455,745 -0.58 (0.62) 154.08 (610045)*** 

      
Age Fall Kindergarten at Assessment 160,014 68.82 (5.00) 473,957 67.28 (4.32) 117.97 (633969)*** 
      
Reading Assessment IRT Scale Score      
K1 140,708 28.49 (4.20) 353,092 28.18 (3.86) 24.70 (493797)*** 
K2 147,619 35.49 (6.24) 380,432 35.71 (5.15) -13.01 (528049)*** 
1st  152,610 52.34 (11.21) 416,819 55.29 (9.06) 1.77 (569427) 
3rd  142,412 92.55 (21.02) 464,025 88.83 (13.18) 79.76 (606435)*** 
5th  153,879 121.02 (23.28) 471,324 114.70 (15.94) 119.43 (625201)*** 
8th  150,756 142.67 (29.53) 468,165 133.39 (24.47) 121.57 (618919)*** 

Note. K1 = fall of kindergarten; K2 = spring of kindergarten. * p < .05; ** p <.01; *** p < .001.
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Correlations and Sample Distribution 

Correlations between all student variables were computed separately for children in the 

RD group and children in the LRA group to determine whether the strength of the coefficients 

was similar or different between groups. Table 29 displays a correlation matrix for both groups. 

No study variables were highly correlated (r >.85), indicating no potential problems with 

multicollinearity (Kline, 2011). 

Regarding univariate normality, Q-Q plots and histograms revealed non-normal 

distributions of the dependent variables and the standardized residuals of the dependent variables 

(i.e., reading IRT scale scores at each time point), such that the data appeared to be positively 

skewed. The Shapiro-Wilk Test of Normality for the dependent variables and the standardized 

residuals of the dependent variables indicated non-normal distributions (p < .001), with the 

exceptions of the standardized residuals for the kindergarten spring reading IRT scale score 

(p=.15) and the fifth-grade reading IRT scale score (p = .06). For multivariate normality, 

Mardia's Multivariate Normality Test, Henze-Zirkler's Multivariate Normality Test, and 

Royston's Multivariate Normality Test indicated non-normal multivariate distributions as well (p 

< .001). Nonetheless, non-normal distributions were expected given that the sample only 

included children with reading problems. Outliers were included in the study because the 

research questions aimed to examine group differences among children with reading difficulties, 

so it was expected that children would fall in the extreme ends of the spectrum in reading 

achievement.
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Table 29 
 
Correlation Matrix for RD (Upper) and LRA (Lower) Groups 
 1 2 3 4 5 6 7 8 9 10 
1 -- -.01 .04 -.09 .03 .02 .13* .06 .05 .06 
2 .04 -- -.24*** -.09 -.20** -.17** -.24*** -.23*** -.35*** -.27*** 
3 -.08* -.12** -- -.05 .26*** .27*** .36*** .34*** .39*** .37*** 
4 -.06 .04 -.03 -- .34*** .22*** .21*** .09 .07 .01 
5 .00 -.18*** -.17*** .24*** -- .62*** .48*** .30*** .29*** .14* 
6 .10* .08 -.16*** .23*** .56*** -- .55*** .38*** .39** .23*** 
7 .10** -.11** -.08* .10*** .38*** .52*** -- .55*** .50*** .27*** 
8 .05 -.06 .11** -.07 .13** .14** .16*** -- .72*** .49*** 
9 .01 -.07 .15*** -.09* .14** .14** .13** .42*** -- .65*** 
10 .08* -.04 .19*** -.09* .15*** .14** .04 .28*** .51*** -- 

Note. * p < .05; ** p <.01; *** p < .001. 1=gender, 2=race, 3=kindergarten SES, 4=fall 
kindergarten age, 5=fall kindergarten reading IRT score, 6=spring kindergarten reading IRT 
score, 7=1st grade reading IRT score, 8=3rd grade reading IRT score, 9=5th grade reading IRT 
score, 10=8th grade reading IRT score. 
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Research Question 1: Predicting Group Membership 

 The first research question examined whether the covariates of interest (i.e., SES, gender, 

race/ethnicity, and age) predicted whether a student would have been identified as having a RD 

or LRA between first and fifth grade. In this model, the reference group was the RD group (i.e., 

RD=1, LRA=0), and the categorical/ordinal predictor variables were coded into dummy 

variables, which resulted in seven final predictors: SES, female, African American, Hispanic, 

Asian, other diverse racial/ethnic group, and age. Unweighted and weighted results are 

summarized in Table 30. 

 Parameter estimates for the unweighted logit model are given in terms of log-odds, which 

allows for the conversion to an odds-ratio. An odds-ratio represents the change in the odds of a 

child being identified for the RD group that is associated with a one-unit change in a particular 

predictor variable. An odds-ratio greater than one reflects an increase in the likelihood of being 

identified as a member of the RD group, and an odd-ratio less than one reflects a decrease in the 

likelihood of being identified as a member of the RD group. 

 Unweighted results indicated that all of the independent variables significantly predicted 

membership in the RD group. Because many of the initial odds-ratios were less than one, the 

ratios were converted (i.e., 1/ eb) to be greater than one, which then can be interpreted in light of 

the group with the higher odds. For example, the odds of being identified as a student with RD, 

as compared to a student with LRA, was 0.73 times as large for girls as for boys. In other words, 

boys had 1.38 times greater odds, or a 38% greater chance, of being identified for the RD group 

than did girls. Regarding race/ethnicity, African American, Hispanic, Asian, and other 

racially/ethnically diverse students had significantly less odds of being identified for the RD 

group than did White students. That is, African American students were 4.74 times more likely 
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to be identified for the LRA group than for the RD group; Hispanic students were 3.91 times 

more likely to be identified for the LRA group than for the RD group; Asian students were 4.43 

times more likely to be identified for the LRA group than for the RD group; and students from 

other diverse racial/ethnic groups were 3.70 times more likely to be identified for the LRA group 

than for the RD group. In addition, for each unit increase in SES, students were 1.45 times more 

likely to be identified for the RD group than for the LRA group. Lastly, for each unit increase in 

age at the fall kindergarten assessment, students were 1.09 times more likely to be identified for 

the RD group than the for LRA group. 

 To summarize the above logistic regression results, when race/ethnicity, SES, and age 

were controlled, boys were more likely to identified for the RD group than were girls. With 

gender, SES, and age controlled, non-White students were significantly more likely to be 

identified for the LRA group, while White children were significantly more likely to be 

identified for the RD group. With gender, race/ethnicity, and age controlled, children with higher 

SES were significantly more likely to be identified for the RD group, and with gender, 

race/ethnicity, and SES controlled, older students were significantly more likely to be identified 

for the RD group than for the LRA group. 

 When conducting a logistic regression using replicate weights in MPlus, logit models are 

unavailable. Therefore, a probit model was used. Logit and probit models differ in the way the 

function is defined, but estimates usually do not differ greatly. However, odds ratios cannot be 

computed from probit model estimates. Weighted results indicated that all of the independent 

variables significantly predicted membership in the RD group, except for the gender dummy 

variable. Although gender did not predict group membership, it was still used as a covariate in 
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the LGM model, given that gender is believed to play a substantive role in longitudinal reading 

development. 

Table 30 

Summary of Logistic Regression of Covariates Predicting Membership in RD Group 
Variables Unweighted ModelA Weighted ModelB 

 b SE b eb b SE b eb 
Female -0.32* 0.16 0.73 -0.10 0.13 N/A 
 
Race/Ethnicity 

      

African American -1.56*** 0.24 0.21 -0.60** 0.23 N/A 
Hispanic -1.36*** 0.20 0.26 -0.53** 0.17 N/A 
Asian -1.49** 0.46 0.23 -0.67* 0.27 N/A 
Other Race/Ethnic Group -1.31*** 0.29 0.27 -0.52*** 0.15 N/A 

 
Kindergarten SES 

 
0.37** 

 
0.13 

 
1.45 

 
0.30* 

 
0.12 

 
N/A 

 
Age at Fall Kindergarten Assessment 

 
0.09*** 

 
0.02 

 
1.09 

 
0.04* 

 
0.02 

 

 
N/A 

Constant -5.58*** 1.13 0.004 -3.05* 1.04 N/A 
Note. AUnweighted model uses logit model. BWeighted model uses probit model.  eb = 
exponetiated b (log odds). * p < .05; ** p <.01; *** p < .001. 
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Growth Trajectory of the Full Sample 

Before conducting the multiple group LGM, two latent growth curves with different time 

scores were fit to determine the most appropriate pattern of growth in reading achievement in the 

full sample. The first was a linear growth model. In this model, children were predicted to 

change in a linear fashion with equal growth each year. Both unweighted and weighted results 

indicated misfit (unweighted: c2 = 1322.35, df = 16, RMSEA = 0.28, CFI = 0.09, TLI = 0.15; 

weighted: RMSEA = 0.29). Please note that a chi-square test of model fit along with the CFI and 

TLI are not available in MPlus when using replicate weights. Based on these results, this linear 

growth model did not represent the growth in reading achievement over time, such that students 

did not grow at the same rate from year to year. 

Given the misfit, modification indices were examined. The modification indices display 

the amount of decrease in c2 that is expected if certain fixed parameters were freely estimated 

(Muthén & Muthén, 2012). These indices suggested that freeing the residual 

covariances/regressions of the reading IRT scale scores would improve model fit. Therefore, the 

residual covariances/regressions were set to be freely estimated using a directional regression 

path (i.e., spring kindergarten on fall kindergarten, first grade on spring kindergarten, third grade 

on first grade, fifth grade on third grade, eighth grade on fifth grade). This new unweighted 

linear model,  c2 = 69.62, df = 11, RMSEA = 0.07, CFI = 0.96, TLI = 0.94, was a significant 

improvement over the linear model without the residual covariances/regressions (Dc2 = 1330.29, 

Ddf = 5, p < .001). The RMSEA for this new weighted linear model was 0.09, which also was an 

improvement over the linear model without the residual covariances/regression; however, the 

Satorra-Bentler scaled chi-square difference test could not be computed, because the chi-square 

test of model fit is not available in MPlus when using replicate weights. Despite the 
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improvement in these linear models, model fit was not strong enough, especially given that 

RMSEA > 0.06, and its p-value was significant (i.e., p = 0.02). Therefore, a linear model even 

with the residual covariances/regressions was not appropriate for the given data. 

Accordingly, due to misfit of the linear model, an unconditional latent basis growth 

model was estimated. In this non-linear model, the first shape coefficient was fixed to zero (i.e., 

fall kindergarten) and the last to one (i.e., eighth grade spring), and the four middle shape 

coefficients were estimated freely. Results of the unweighted and weighted models indicated 

model misfit (unweighted: c2 = 143.73, df = 12, RMSEA = 0.10, CFI = 0.91, TLI = 0.89; 

weighted: RMSEA = 0.12). Still, the unweighted latent basis model fit substantially better than 

the linear model without residual covariances/regressions (Dc2 = 1220.74, Ddf = 4, p < .001). 

Because fit was improved in the latent basis growth model, modification indices were 

examined. As in the linear model, residual covariances/regressions were added into the model 

using a directional regression path (i.e., spring kindergarten on fall kindergarten, first grade on 

spring kindergarten, third grade on first grade, fifth grade on third grade, eighth grade on fifth 

grade). This model fit the data well, c2 = 10.52, df = 7, RMSEA = 0.02, CFI = 0.998, TLI = 

0.995, and it was a significant improvement over the latent basis model without the residual 

covariances/regressions (Dc2 = 124.89, Ddf = 5, p < .001). 

As a result of the strong fit of the latent basis model with the residual 

covariances/regressions, this model was accepted as the final unconditional model that best 

explained growth in reading achievement in the current sample of children with RD and LRA. 

The four estimated basis coefficients equaled 0.03, 0.08, 0.59, and 0.87. The first estimated basis 

coefficient of 0.03 was not significant (p > .05), indicating that the growth in reading 

achievement from the fall of kindergarten to the spring of kindergarten was not statistically 
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meaningful. The three other basis coefficients were significant (i.e., first grade p < .05, third 

grade p < .01, fifth grade p < .001). These basis coefficients suggest that 8% of the growth 

occurred between the fall of kindergarten and the spring of first grade, 59% of the growth 

occurred between the fall of kindergarten and the spring of third grade, and 87% of the growth 

occurred between the fall of kindergarten and the spring of fifth grade. Interestingly, while 59% 

of growth occurred between the fall of kindergarten and the spring of third grade, 51% of this 

group occurred between the spring of first grade and the spring of third grade. In other words, 

over half of the growth in reading achievement occurred between the spring of first grade and the 

spring of third grade, with another 28% of growth occurring between the spring of third grade 

and the spring of fifth grade, and the remaining 13% occurring between the spring of fifth grade 

and the spring of eighth grade. Please see Figure 4 for the predicted trajectories of the full 

sample. 

In the unconditional latent basis model with residual covariances/regressions, the 

covariance and correlation between the initial level and total change was not significant, which 

indicates that initial level and total growth were not significantly related (e.g., children who 

started with lower reading achievement did not change more than those who started with higher 

reading achievement; children with lower reading achievement did not change less than those 

with higher reading achievement; p = .84). That is, neither a “catch-up effect,” in which the 

lowest performing children would catch up to their peers, nor a “fan-spread effect,” in which 

rank order stability would be maintained over time, occurred here. There was, however, 

significant variation in the initial starting level (p < .001), but not in the total growth (p = .18), 

which suggests that there were significant individual differences in the reading development in 

the fall of kindergarten, but that there were not significant individual differences in terms of total 
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growth over time. In other words, there was a lot of variability where children started in the 

growth process, but there was not a lot of variability in their rate of change over time. The 

parameter estimates and fit statistics for the unweighted models appear in Table 31. 

Although there was not significant variation in the total growth from kindergarten to 

eighth grade, there appeared to be great variation in reading achievement scores at the end of the 

eighth grade. Figure 5 displays the spaghetti plots with varying numbers of participants. From 

visual analysis of these plots, one can see that there was less variation in the reading achievement 

scores at the start of kindergarten, although still significant, and by the end of the eighth grade, 

this variation, or fan-spread effect, was highly evident. It is possible that these large variances in 

reading achievement scores over time contributed to the non-positive definite covariance 

matrices (i.e., negative slope and intercept variances) in some of both the unweighted and 

weighted analyses discussed below.  

This unconditional latent basis model with residual covariances/regressions was also 

tested on the weighted data (see Table 32). The RMSEA of the weighted model was 0.06, which 

is higher than the RMSEA of the unweighted model, RMSEA = 0.02. Also of note, this model 

produced a negative slope variance (-3.37, p = .33), which suggests that this model was not the 

best for the weighted data. The negative slope variance also influenced the estimates for basis 

coefficients, such that one of the estimates was negative and two of the estimates were greater 

than two, which are neither plausible nor interpretable estimates. Accordingly, it was 

inappropriate to use the weighted model to draw conclusions about the growth trajectory in the 

full sample. Although conclusions about the longitudinal trajectory cannot be drawn from the 

weighted unconditional latent basis model with residual covariances/regressions, the results from 
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the unweighted model may be somewhat applicable to the national population, given the limited 

differences between the weighted and unweighted samples, as described above. 
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Figure 4. Predicted Reading Growth Trajectory of Full Sample 
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Table 31 
 
Parameter Estimates and Fit Statistics for Unweighted Unconditional LGMs 

Parameter Linear Growth Linear Growth 
with Residual 
Covariances/ 
Regressions 

Latent Growth Latent Growth with 
Residual 

Covariances/Regressions 

Fixed Effects     
Mean Initial Level 28.45 (.14)*** 28.33 (.14)*** 28.34 (.14)*** 28.32 (.14)*** 
Mean Slope 15.76 (.10)*** 10.26 (.73)*** 109.46 (.80)*** 77.40 (25.66) ** 
Basis Coefficients =0,  

=.5,  
=1.5,  
=3.5,  
=5.5,  
=8.5 

=0,  
=.5,  
=1.5,  
=3.5,  
=5.5,  
=8.5 

=0,  
0.07 (.00)***,  
0.22 (.00)***,  
0.56 (.01)***,  
0.81 (.01)***,  
=1 

=0 
0.03 (.02) 
0.08 (.02)* 
0.59 (.20)** 
0.87 (.25)*** 
=1 

     
Random Effects     
Initial Level Variance 13.37 (.92)*** 12.27 (.89)*** 13.52 (.91)*** 10.26 (1.10)*** 
Slope Variance 5.42 (.48)*** 2.98 (.43)*** 294.40 (20.01)*** 158.64 (117.33) 
Initial Level/Slope Correlation 0.04 (.051) -0.11 (.58) 0.00 (.05) 0.02 (.08) 
Initial Level/Slope Covariance 0.30 (.43) -0.64 (.35) 0.23 (2.93) 0.64 (3.26) 
     
Fit Statistics     
c2 / df 1322.34 / 16 69.62 / 11 143.73 / 12 10.52 / 7 
RMSEA / CIA 0.28 / .26-.29 0.07 / .06-.09 0.10 / .09-.12 0.02 / .00-.05 
CFI 0.09 0.96 0.91 0.998 
TLI 0.15 0.94 0.89 0.995 

Note. ACI = confidence interval. Values preceded by = indicate that the parameter was fixed to the specified value. Values in 
parentheses are standard errors. c2= maximum likelihood chi square fit statistic, RMSEA = root mean square error of approximation, 
CFI = comparative fit index. * p < .05; ** p < .01; *** p < .001.
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Figure 5. Spaghetti Plots of Full Sample  
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Table 32 
 
Parameter Estimates and Fit Statistics for Weighted Unconditional LGMs 

Parameter Linear Growth Linear Growth 
with Residual 
Covariances/ 
Regressions 

Latent Growth Latent Growth with 
Residual 

Covariances/Regressions 

Fixed Effects     
Mean Initial Level 28.26 (.23)*** 11.21 (1.23)*** 28.18 (.22)*** 28.17 (0.23)*** 
Mean Slope 15.70 (.18)*** 2.61 (.79)*** 107.08 (1.43)*** 12.27 (11.14) 
Basis Coefficients =0,  

=.5,  
=1.5,  
=3.5,  
=5.5,  
=8.5 

=0,  
=.5,  
=1.5,  
=3.5,  
=5.5,  
=8.5 

=0 
0.07 (.00)*** 
0.22 (.01)*** 
0.57 (.01)*** 
0.82 (.01)*** 
=1 

=0 
-0.09 (.18) 
0.27 (0.35) 
2.88 (2.33) 
2.02 (1.13) 
=1 

     
Random Effects     
Initial Level Variance 12.54 (1.29)*** 11.21 (1.23)*** 12.63 (1.30)*** 8.01 (1.64)*** 
Slope Variance 5.48 (.68)*** 2.61 (.79)** 285.94 (30.17)*** -3.37 (3.48) 
Initial Level/Slope Correlation 0.08B -0.03B 0.05B N/A 
Initial Level/Slope Covariance 0.69 (.55) -0.17 (.43) 3.15 (3.54) -0.74 (1.58) 
     
Fit Statistics     
c2 / df N/A N/A N/A N/A 
RMSEA / CIA 0.29 / .28-.31 0.09 / .07-.10 0.12 / .10-.13 0.06 / .05-.09 
CFI N/A N/A N/A N/A 
TLI N/A N/A N/A N/A 

Note. ACI = confidence interval. BStandard error and significance value not available. Values preceded by = indicate that the parameter 
was fixed to the specified value. Values in parentheses are standard errors. N/A = not available; c2= maximum likelihood chi square 
fit statistic, RMSEA = root mean square error of approximation, CFI = comparative fit index. * p < .05; ** p < .01; *** p < .001.
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Covariates and Growth Trajectory in the Full Sample 

With the longitudinal nature of reading achievement established in the unconditional 

model, a conditional latent basis growth model with residual covariances/regressions was fit. The 

time invariant covariates included in this model were gender, race, SES at fall kindergarten 

assessment, and age at fall kindergarten assessment. Dummy variables were created for the 

categorical variables (i.e., gender, race). In this conditional model, the purpose was to examine 

the nature of the relationship among the covariates, the growth factors, and reading achievement 

outcome variables across the entire sample. 

The conditional latent basis model with residual covariances/regressions fit the data well, 

c2 = 61.41, df = 35, RMSEA = 0.03, CFI = 0.99, TLI = 0.98. The basis coefficients of the 

conditional model were similar to those of the unconditional model that was described above. 

Results regarding the random effects were also similar to those of the unconditional model, such 

that there was significant variation in the initial starting level (p < .001), but not in the total 

change (p = .10). The covariance and correlation between the initial level and total change were 

also not significant, which indicated that children who started with lower reading achievement 

did not change more than those who started with higher reading achievement and vice versa 

(covariance: p = .44; correlation: p = .81). 

Perhaps the most important results of the unweighted conditional model were the 

relationships between the covariates and the initial level and the total change over time. First, in 

terms of the relationship between the covariates and the initial level, all of the covariates 

significantly predicted the initial level of reading achievement, except for the race/ethnicity 

category of African American children. In other words, Hispanics, Asians, and children from 

other diverse race/ethnicities all started with significantly lower reading achievement in the fall 
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of kindergarten in comparison to White children. African American children, however, did not 

display reading achievement that was significantly different from White children in the fall of 

kindergarten (p = .39). Additionally, girls demonstrated significantly higher reading achievement 

in the fall of kindergarten than did boys. Regarding SES, for every one unit increase in SES, 

students’ reading achievement in the fall of kindergarten increased by 1.04. That is, children with 

higher SES in the fall of kindergarten had significantly higher reading achievement scores in the 

fall of kindergarten. Finally, for every one unit increase in age, children scored 0.24 units higher 

on the direct reading achievement test in the fall of kindergarten, such that older children 

performed better on the reading achievement test in the fall of kindergarten than did younger 

children. 

Second, four out of the seven covariates significantly predicted the total change, or 

growth, over time. To start, gender did not significantly predict the total change over time, such 

that boys and girls made similar gains from kindergarten through eighth grade (p = .12). While 

girls had initially higher reading achievement in the fall of kindergarten, boys and girls made 

similar progress in reading achievement over time. Interestingly, Hispanic children and Asian 

children did not differ from White children in terms of their total growth over time (Hispanic: p 

= .10; Asian: p = .87), despite starting at significantly lower starting points than White children 

in the fall of kindergarten. For African American children, however, despite having similar 

reading achievement scores in the fall of kindergarten in comparison to White children, they 

made significantly less gains in their reading achievement than did White children over time. For 

children from other diverse races/ethnicities, they started with significantly lower reading 

achievement scores than White children and made significantly less gains over time in 

comparison to White children. As for SES, for every one unit increase in SES, the total change 
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increased by 4.45, which suggests that children with higher SES not only started with 

significantly higher reading achievement in the fall of kindergarten, but they also continued to 

make more progress than children with lower SES. Regarding age, for every one unit increase in 

age, the total change decreased by 0.49, indicating that although older children started with 

significantly higher reading achievement in the fall of kindergarten, they made less progress over 

time in comparison to younger children. 

In order to examine the relationship between the covariates and students’ reading 

achievement scores in eighth grade, the latent basis model with residual covariances/regressions 

was run using eighth grade as the initial level, or intercept. The kindergarten fall time point was 

fixed to -1; the kindergarten spring, first grade, third grade, and fifth grade time points were 

freely estimated; and the eighth-grade time point was fixed to zero. The zero point of the time 

scale determines the time at which to interpret the parameter estimates (Rogosa & Willett, 1985), 

so by fixing the eighth-grade time point to zero, it can be interpreted as the intercept. 

With eighth grade as the intercept, results indicated that girls demonstrated significantly 

higher reading achievement than boys in eighth grade. For race/ethnicity, African Americans, 

Hispanics, and children from other diverse races/ethnicities had significantly lower reading 

achievement than White children in eighth grade, while there were no significant differences 

between the reading achievement scores of Asian and White children at the end of eighth grade 

(p = .65). For SES, children with higher levels of SES had significantly higher reading 

achievement scores at the end of eighth grade, and lastly, age did not significantly predict 

reading achievement scores at the end of eighth grade (p = .06), which suggests that there were 

no differences in the performance of younger and older children by the end of eighth grade. 
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Fit statistics and parameter estimates of the conditional model with the weighted data 

were also evaluated for the models with both the initial level set at the fall of kindergarten and 

the initial level set at eighth grade. For these weighted models, the RMSEA was equal to 0.05; 

however, the basis coefficients were not similar, or comparable to those of the weighted and 

unweighted unconditional models, such that the final two basis coefficients were greater than 

one. Basis coefficients greater than one indicated that this latent basis model did not capture the 

shape of growth over time adequately. Consequently, the relationships between the covariates 

and the initial level and shape of growth over time in the weighted model were not interpreted. 

As such, the interpretation of the relationships between the covariates and the initial level and 

shape of growth over time were only made about the unweighted conditional model, and 

although this limits the generalizability of the results, it was the most appropriate decision given 

the inadequate results of the weighted conditional model. 

In sum, only the results of the unweighted conditional model were interpreted in detail. 

Accordingly, there were interesting patterns of relationships between the covariates and 

children’s reading achievement in the fall of kindergarten, how much progress they made over 

time, and where they ended up in eighth grade. Girls had significantly higher reading 

achievement compared to boys in the fall of kindergarten and at the spring of eighth grade, but 

boys and girls made similar progress in their reading achievement between kindergarten and 

eighth grade. African American children had similar reading achievement compared to White 

children in the fall of kindergarten, but they progressed significantly less and had significantly 

lower scores in eighth grade in comparison to White children. Hispanic children started and 

ended significantly lower than White children, but they made gains that were similar to White 

children. Asian children also started lower than White children and made gains that were similar 



	

	 157 

to White children, but they were the only race/ethnicity group whose reading achievement did 

not differ from White children at the end of eighth grade. Children from other diverse 

races/ethnicities started and ended significantly lower than White children, and they also made 

significantly less gains compared to White children. For SES, children with higher SES started 

and ended significantly higher than children with lower SES, and they made significantly greater 

gains over time than did children with lower SES. Lastly for age, older children had significantly 

higher reading achievement in the fall of kindergarten, but older children made significantly less 

gains over time as compared to younger children; by the spring of eighth grade, there were no 

significant differences in the reading achievement scores based on age. Please see Table 33 for 

the parameter estimates and fit statistics for the unconditional conditional models. 
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Table 33 
 
Parameter Estimates and Fit Statistics for Unweighted Conditional LGMs 
Parameter Latent Growth with Residual 

Covariances/Regressions 
(Kindergarten Intercept)  

Latent Growth with Residual 
Covariances/Regressions (Eighth 

Grade Intercept) 
Fixed Effects   
Mean (Intercept) Initial Level 12.78 (1.96)*** 137.83 (30.23)*** 
Mean (Intercept) Slope 125.04 (30.19)*** 125.04 (30.18)*** 
Basis Coefficients =0 

0.03 (.02) 
0.08 (.03)* 
0.52 (.14)*** 
0.75 (.16)*** 
=1 

=-1 
-0.97 (.02)*** 
-0.93 (.03)*** 
-0.48 (.14)** 
-0.25 (.16) 
=0 
 

Initial Level on Covariates    
Female 0.74 (.24)** 2.74 (1.23)* 
African American -0.28 (.32) -11.85 (3.20)*** 
Hispanic -1.26 (.33)*** -4.30 (1.78)* 
Asian -1.72 (.74)* -1.25 (2.74) 
Other Race/Ethnic Group -1.68 (.40)*** -11.60 (3.13)*** 
Kindergarten SES 1.04 (.18)*** 5.49 (1.57)*** 
Age at Fall Kindergarten Assessment 0.24 (.03)*** -0.26 (.14) 

Shape on Covariates    
Female 2.00 (1.27) 2.00 (1.27) 
African American -11.57 (3.21)*** -11.57 (3.21)*** 
Hispanic -3.04 (1.86)  -3.04 (1.86)  
Asian 0.47 (2.80) 0.47 (2.80) 
Other Race/Ethnic Group -9.91 (3.13)** -9.91 (3.13)** 
Kindergarten SES 4.45 (1.58)** 4.45 (1.58)** 
Age at Fall Kindergarten Assessment -0.49 (.14)*** -0.49 (.14)*** 
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Table 33 (cont’d) 
 
Random Effects 

  

Initial Level Residual Variance 8.11 (.97)*** 137.83 (30.23)*** 
Slope Residual Variance 161.50 (99.38) 125.04 (30.18)*** 
Initial Level/Slope Correlation -0.02 (.08) 0.97 (.02)*** 
Initial Level/Slope Residual Covariance -2.23 (2.88) 159.27 (99.88) 
   
Fit Statistics   
c2 / df 61.41 / 35 61.41 / 35 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.99 0.99 
TLI 0.98 0.98 

Note. ACI = confidence interval. Values preceded by = indicate that the parameter was fixed to the specified value. Values in 
parentheses are standard errors. c2= maximum likelihood chi square fit statistic, RMSEA = root mean square error of approximation, 
CFI = comparative fit index. * p < .05; ** p < .01; *** p < .001.
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Model Fit in RD and LRA Groups 

 Before conducting the multiple group LGM, it was necessary to determine that the 

unconditional latent basis model fit each group adequately. Results of the unweighted 

unconditional model with residual covariances/regressions for the RD group indicated adequate 

fit, c2 = 8.18, df = 7, RMSEA = 0.02, CFI = 0.998, TLI = 0.996. Similar results were found for 

the LRA group, c2 = 8.74, df = 7, RMSEA = 0.02, CFI = 0.998, TLI = 0.995. Fit of the weighted 

models for the RD and LRA groups were poorer than the unweighted models, but perhaps still 

mediocre, given that the lower value of the RMSEA confidence interval for the RD group was 

less than 0.05 and for the LRA group was equal to 0.05 (RD: RMSEA = 0.06, confidence 

interval [CI] = 0.10-.010; LRA: RMSEA = 0.07, CI = 0.05-0.09). Also of note, the weighted 

unconditional model for the RD group produced a negative slope variance (-10.07, p = .55), 

suggesting that this model did not fit the weighted data appropriately.  

 Fit of the conditional models for each group were also considered. Results of the 

unweighted conditional latent basis model with residual covariances/regressions for the RD 

group indicated adequate fit, c2 = 38.32, df = 35, RMSEA = 0.02, CFI = 0.996, TLI = 0.99. 

Results of the unweighted conditional latent basis model with residual covariances/regressions 

for the LRA group also indicated adequate fit, but the fit was slightly worse in comparison to the 

RD group, c2 = 62.53, df = 35, RMSEA = 0.03, CFI = 0.97, TLI = 0.95. These results suggest 

that the unweighted unconditional and conditional latent basis models with residual 

covariances/regressions fit each group well, and, thus, a multiple group LGM would be 

appropriate. Please see Table 34 for fit statistics of the unweighted unconditional and conditional 

models for each group. 

 In the weighted conditional models, fit for both the RD and LRA groups was slightly 
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worse than in the unweighted models. The RMSEA for the RD group was 0.07 (CI = 0.05-0.09), 

and the RMSEA for the LRA group was 0.05 (CI = 0.04-0.06). The weighted conditional model 

for the LRA group produced a negative slope variance (-0.47, p = .97). Given the negative slope 

variance in the LRA group, the parameter estimates for the weighted conditional models were 

not interpreted; rather, conclusions about group differences in the conditional model were 

interpreted using the unweighted models.  

 Accordingly, in addition to examining the fit statistics of each model in the unweighted 

unconditional and conditional models, the parameter estimates of the conditional model for each 

group separately were analyzed (see Table 35). Parameter estimates for the conditional model 

were examined because the conditional model was used to conduct the multiple group analyses. 

Interestingly, it appeared that the RD group had a slightly lower initial starting value in 

comparison to the LRA group, and the RD group also appeared to have a greater mean total 

change compared to the LRA group.  

Regarding the basis coefficients, or the pattern of growth over time in the unweighted 

model, the RD and LRA groups appeared to experience similar patterns of growth until the first-

grade time point. In other words, for the RD group, 12% of the growth in reading achievement 

occurred between the fall of kindergarten and the spring of first grade, and for the LRA group, 

10% of the growth in reading achievement occurred between the fall of kindergarten and the 

spring of first grade. The growth from the fall of kindergarten through the spring of first grade, 

however, was not statistically significant in either group, but after first grade, all remaining 

growth was statistically significant. Then, from the spring of first grade until the spring of eighth 

grade, the RD group experienced 88% of the growth in reading achievement. More specifically, 

the RD group experienced 27% of growth between the spring of first grade and the spring of 
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third grade, 19% of growth between the spring of third grade and the spring of fifth grade, and 

42% of growth between the spring of fifth grade and the spring of eighth grade. For the LRA 

group, students experienced growth greater than 100% between the spring of first grade and the 

spring of fifth grade, before going back down at the final eighth-grade time point. In other words, 

the LRA group experienced increased acceleration in reading growth at the end of first grade 

through the end of fifth grade, but then experienced a deceleration in reading growth from the 

end of fifth grade to the end of eighth grade. However, the basis coefficients for the LRA group 

(i.e., estimates greater than one) suggest that this model may not be the best fit for the data. Thus, 

it is important that the basis coefficients for the LRA group are not overly interpreted, because it 

is difficult to say exactly what these participants’ pattern of growth looked like, especially after 

the first-grade time point. Despite being unsure of the LRA group’s exact shape of reading 

development over time, the two groups appeared to have similar initial starting values and 

patterns of change, and, therefore, the multiple group analyses must be conducted in order to 

determine if there were statistically significant differences.  

Table 34 
 
Fit Statistics for Unweighted Unconditional and Conditional LGMs by Group 

Fit Statistics RD Group 
Unconditional 

Model 

LRA Group 
Unconditional 

Model 

RD Group 
Conditional 

Model 

LRA Group 
Conditional 

Model 
c2 / df 8.18 / 7 8.74 / 7 38.32 / 35 62.53 / 35 
RMSEA / CIA 0.02 / .00-.08 0.02 / .00-.05 0.02 / .00-.05 0.03 / .02-.04 
CFI 0.998 0.998 0.996 0.97 
TLI 0.996 0.995 0.994 0.95 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index. *p < .05; ** p < .01; *** p < 
.001.
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Table 35 
 
Parameter Estimates for Unweighted Conditional Latent Basis Models for Each Group 
Parameter RD Group  LRA Group 
Fixed Effects   
Mean (Intercept) Initial Level 7.53 (3.60)* 13.68 (2.40)*** 
Mean (Intercept) Slope 103.46 (41.01)* 81.82 (21.00)*** 
Basis Coefficients =0 

0.05 (.03) 
0.12 (.06) 
0.39 (.12)** 
0.58 (.17)*** 
=1 

=0 
0.04 (.04) 
0.10 (.06) 
1.05 (.28)*** 
1.33 (.27)*** 
=1 

Initial Level on Covariates    
Female 0.62 (.46) 0.74 (.28)** 
African American -0.43 (.80) -0.62 (.38) 
Hispanic -2.25 (.55)*** -1.36 (.40)** 
Asian -6.09 (1.78)** -1.62 (.78)* 
Other Race/Ethnic Group -1.00 (.74) -1.98 (.48)*** 
Kindergarten SES 1.81 (.36)*** 0.84 (.21)*** 
Age at Fall Kindergarten Assessment 0.31 (.05)*** 0.23 (.04)*** 

Shape on Covariates    
Female 2.28 (2.93) 0.77 (.73) 
African American -13.83 (6.18)* -4.92 (1.64)** 
Hispanic -6.41 (4.58) 0.08 (.90) 
Asian 2.29 (7.20) 2.02 (1.71) 
Other Race/Ethnic Group -19.46 (7.91)* -3.27 (1.45)* 
Kindergarten SES 9.06 (4.01)* 1.47 (.74)  
Age at Fall Kindergarten Assessment -0.20 (.27) -0.41 (.12)** 

   
Random Effects   
Initial Level Residual Variance 10.61 (1.80)*** 6.75 (1.23)*** 
Slope Residual Variance 260.26 (231.45) 27.20 (22.24) 
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Table 35 (cont’d) 
 
Initial Level/Slope Correlation 

 
 
0.01 (.13) 

 
 
-0.10 (.13) 

Initial Level/Slope Residual Covariance -9.95 (6.38) -0.74 (1.85) 
Note. Values preceded by = indicate that the parameter was fixed to the specified value. Values in parentheses are standard errors. * p 
< .05; ** p <.01; *** p <. 001.
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Note About Weighted Models 

 The results of the final three research questions related to group differences in initial 

levels of reading achievement, shape of development over time, and eighth-grade reading 

outcomes are provided in the subsequent sections. These questions, however, were only 

answered using the unweighted data. Although using only the unweighted data limits the 

generalizability of the results, the weighted data were not used for these analyses for two 

reasons: (1) in MPlus, chi-square statistics as well as Wald tests are not available when using 

replicate weights, which then does not allow for the comparison of group differences, and (2) a 

negative slope variance existed for the LRA group in the weighted conditional model, and 

although this did not automatically invalidate the data, it suggested that the model was not the 

best fit for the data. Because a negative slope variance did not occur in either group when using 

the unweighted data in the preliminary group analyses described above, the unweighted data 

were used to conduct the multiple group LGMs. 

Research Question 2: Group Comparison of Initial Level of Reading Achievement 

To examine whether there were group differences in the initial starting level of reading 

achievement at the fall of kindergarten, a multiple group analysis was conducted utilizing the 

unweighted conditional latent basis models with residual covariances/regressions. First, an 

unconstrained model was run, in which the initial levels were not constrained to be equal. The 

parameter estimates for each group in the unconstrained model can be found in Table 35, as the 

parameter estimates for the unconstrained model are the same as when the conditional model was 

run for each group separately. Second, a constrained model was run, in which the initial levels 

were constrained to be equal. Please see Table 36 for parameter estimates of the constrained 

model.  
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With the unconstrained and constrained models established, the Satorra-Bentler scaled 

chi-square difference test was used to determine if significant differences between the two 

groups’ initial starting levels existed. Please see Table 37 for fit statistics of the unconstrained 

and constrained models. Results indicated no significant group differences in the initial starting 

levels (Dc2 = 2.10, Ddf = 1) at the .05 level. That is, the difference between the chi-square values 

(2.10) was not greater than the chi-square statistic for one degree of freedom at the .05 level 

(3.84). Non-significant results of the Wald test also supported the finding of a non-significant 

difference in the initial level of reading achievement between the two groups (t = 1.72, df = 1, p 

= .19). Therefore, these results suggest that the RD group and the LRA group had similar levels 

of reading achievement in the fall of kindergarten (see Figure 6).
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Table 36 
 
Parameter Estimates for Initial Level Constrained Model 
Parameter RD Group  LRA Group 
Fixed Effects   
Mean (Intercept) Initial Level 11.58 (2.02)*** 11.58 (2.02)*** 
Mean (Intercept) Slope 99.80 (42.60)* 82.18 (21.01)*** 
Basis Coefficients =0 

0.05 (.03) 
0.12 (.06) 
0.38 (.12)** 
0.57 (.17)** 
=1 

=0 
0.05 (.04) 
0.11 (.06) 
1.07 (.28)*** 
1.33 (.26)*** 
=1 

Initial Level on Covariates    
Female 0.52 (.46) 0.76 (.29)** 
African American -0.37 (.80) -0.54 (.38) 
Hispanic -2.29 (.55)*** -1.34 (.40)** 
Asian -6.12 (1.81)** -1.60 (.78)* 
Other Race/Ethnic Group -1.11 (.76) -2.00 (.49)*** 
Kindergarten SES 1.79 (.36)*** 0.86 (.21)*** 
Age at Fall Kindergarten Assessment 0.26 (.03)*** 0.26 (.03)*** 

Shape on Covariates    
Female 2.45 (2.97) 0.77 (.73) 
African American -14.07 (6.27)* -4.91 (1.63)** 
Hispanic -6.50 (4.68) 0.09 (.89) 
Asian 2.25 (0.76) 2.03 (1.69)  
Other Race/Ethnic Group -19.57 (8.04)* -1.39 (1.44)* 
Kindergarten SES 9.22 (4.10)* 1.44 (.73)  
Age at Fall Kindergarten Assessment -0.13 (.27) -0.43 (.12)*** 

   
Random Effects   
Initial Level Residual Variance 10.65 (1.80)*** 7.03 (1.18)*** 
Slope Residual Variance 269.52 (241.90) 26.01 (21.85) 
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Table 36 (cont’d) 
 
Initial Level/Slope Correlation 

 
 
0.02 (.13) 

 
 
-0.14 (.12) 

Initial Level/Slope Residual Covariance -10.10 (6.49) -1.01 (1.79) 
Note. Values preceded by = indicate that the parameter was fixed to the specified value. Values in parentheses are standard errors. * p 
< .05; ** p < .01; *** p < .001.  

Table 37 
 
Fit Statistics for Multiple Group LGM for Initial Level 

Fit Statistics Unconstrained Model Constrained Model 
c2 / df 101.87 / 70 104.12 / 71 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root mean square error of approximation, 
CFI = comparative fit index. * p <.05; ** p <.01; *** p < .001.
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Research Question 3: Group Comparison of Shape of Reading Achievement 

Given that there were no significant differences between the two groups’ reading 

achievement at the start of kindergarten, it was important to examine whether the overall pattern, 

or shape of change from kindergarten to eighth grade differed between the two groups using the 

unweighted data. First, an unconstrained model was run, in which the basis coefficients were not 

constrained to be equal. This was the same unconstrained model that was used to answer 

Research Question 2 (see Table 35 for parameter estimates). Second, a constrained model was 

run, in which the basis coefficients were constrained to be equal. Please see Table 38 for 

parameter estimates of the constrained model.  

With the unconstrained and constrained models established, the Satorra-Bentler scaled 

chi-square difference test was used to determine if significant differences between the two 

groups’ shapes existed. Please see Table 39 for fit statistics of the unconstrained and constrained 

models. Results indicated significant group differences in the shapes (Dc2 = 13.46, Ddf = 4, p < 

.01). That is, the difference between the chi-square values (13.46) was greater than the chi-square 

statistic for four degrees of freedom at the .05 level (9.49). A Wald test could not be computed, 

because MPlus does not allow for equality constraints to be placed in a growth statement. 

Therefore, these results suggest that the RD group and the LRA group had different shapes, or 

patterns in their reading achievement growth from kindergarten through eighth grade. 

Related to the group differences in the basis coefficients, or pattern of reading 

development over time, the RD and LRA groups appeared to experience similar patterns of 

growth until the first-grade time point, such that around 10% of the growth in reading 

achievement occurred between the fall of kindergarten and the spring of first grade. Also for both 

groups, growth was not statistically significant until after the first-grade time point. Then, from 
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the spring of first grade until the spring of eighth grade, the RD group experienced 88% of the 

growth in reading achievement. More specifically, the RD group experience 27% of growth 

between the spring of first grade and the spring of third grade, 19% of growth between the spring 

of third grade and the spring of fifth grade, and 42% of growth between the spring of fifth grade 

and the spring of eighth grade.  

For the LRA group, students experienced growth greater than 100% between the spring 

of first grade and the spring of fifth grade, before going back down at the final eighth-grade time 

point. In other words, the LRA group experienced increased acceleration in reading growth at the 

end of first grade through the end of fifth grade, but then experienced a deceleration, or 

reduction, in reading growth from the end of fifth grade to the end of eighth grade. Of note, 

between the spring of third grade and the spring of fifth grade, it appeared that the LRA group 

still experienced growth, but it was slightly slower than the growth from the spring of first grade 

to the spring of third grade. Further, the basis coefficients for the LRA group (i.e., estimates 

greater than one) suggest that this model was not the best fit for the data. Although the LRA 

group’s basis coefficients and subsequent shape of reading development over time were less 

interpretable, it is still arguable that the RD and LRA groups had significantly different patterns, 

or shapes of reading achievement growth over time, but exactly what these differences were 

remains unclear (see Figure 6).
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Table 38 
 
Parameter Estimates for Basis Coefficients Constrained Model 

Parameter RD Group  LRA Group 
Fixed Effects   
Mean (Intercept) Initial Level 8.17 (3.37)* 13.43 (2.45)*** 
Mean (Intercept) Slope 42.98 (16.31)** 91.48 (23.38)*** 
Basis Coefficients =0 

0.04 (.04) 
0.11 (.05)* 
0.93 (.25)*** 
1.22 (.25)*** 
=1 

=0 
0.04 (.04) 
0.11 (.05)* 
0.93 (.25)*** 
1.22 (.25)*** 
=1 

Initial Level on Covariates    
Female 0.69 (.44) 0.73 (.29)* 
African American -0.57 (.80) -0.60 (.38) 
Hispanic -2.22 (.54)*** -1.37 (.40)** 
Asian -5.40 (1.65)** 1.65 (.78)* 
Other Race/Ethnic Group -1.09 (.71) -1.99 (.49)*** 
Kindergarten SES 1.89 (.34)*** 0.84 (.21)*** 
Age at Fall Kindergarten Assessment 0.30 (.05)*** 0.23 (.04)*** 

Shape on Covariates    
Female 0.18 (1.29) 0.90 (.84) 
African American -5.66 (2.72)* -5.56 (1.89)** 
Hispanic -1.92 (1.79) 0.05 (.99) 
Asian 2.39 (3.44) 2.19 (1.90) 
Other Race/Ethnic Group -8.44 (3.40)* -3.67 (1.54)* 
Kindergarten SES 2.86 (1.78) 1.66 (.82)* 
Age at Fall Kindergarten Assessment -0.23 (.13) -0.46 (.14)** 

   
Random Effects   
Initial Level Residual Variance 8.20 (1.59)*** 6.98 (1.36)*** 
Slope Residual Variance 5.81 (31.67) 37.28 (28.26) 
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Table 38 (cont’d) 
 
Initial Level/Slope Correlation 

 
 
-0.16 (.36) 

 
 
-0.11 (.12) 

Initial Level/Slope Residual Covariance -4.84 (3.14) -1.03 (2.21) 
Note. Values preceded by = indicate that the parameter was fixed to the specified value. Values in parentheses are standard errors. * p 
< .05; ** p < .01; *** p < .001. 

Table 39 
 
Fit Statistics for Multiple Group LGM for Shape (Basis Coefficients) 

Fit Statistics Unconstrained Model Constrained Model 
c2 / df 101.87 / 70 115.13 / 74 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root mean square error of approximation, 
CFI = comparative fit index. * p <.05; ** p < .01; *** p < .001.
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Research Question 4: Group Comparison of Eighth Grade Reading Achievement 

As described above, the unweighted latent basis model was run with the initial level, or 

intercept, set to the eighth-grade time point in order to determine whether group differences in 

reading achievement existed at the end of eighth grade. In this model, the kindergarten fall time 

point was fixed to -1; the kindergarten spring, first grade, third grade, and fifth grade time points 

were freely estimated; and the eighth-grade time point was fixed to zero. First, an unconstrained 

model was run, in which the initial levels (i.e., eighth grade) were not constrained to be equal. 

This model produced a negative intercept variance (-22.45, p =.16), a negative slope variance (-

18.96, p =.08), and a negative covariance (-24.48, p =.07) in the RD group. The negative 

variances of the growth factors indicated that this model was not the best estimate for the data, 

and results should be interpreted with caution. Still, it was important to at least explore whether 

there were group differences in reading achievement at eighth grade. Accordingly, a constrained 

model, in which the initial levels at eighth grade were constrained to be equal, was run to allow 

for the continuation of group comparisons. There were no negative variances/covariances in the 

constrained model. Please see Table 40 and Table 41 for parameter estimates of the constrained 

model.  

With the unconstrained and constrained models established, the Satorra-Bentler scaled 

chi-square difference test was used to determine if significant differences between the two 

groups’ shapes existed. Due to a negative chi-square difference value, the test could not be 

completed. Nevertheless, a Wald test was computed, which indicated significant group 

differences in the reading achievement scores at the end of eighth grade (t = 4.86, df = 1, p < 

.05). In support of this finding, a Wald test that compared the mean eighth-grade reading 

achievement scores, in essence an independent samples t-test, revealed similar results (t = 6.09, 
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df=1, p < .05). More specifically, the RD group appeared to have significantly outperformed the 

LRA group at the end of eighth grade (see Figure 6). Therefore, these results suggest that the RD 

group and the LRA group had different levels of reading achievement in the spring of eighth 

grade with the RD group scoring significantly higher; however, this model may have produced 

invalid results due to negative growth factor variances, and results should be interpreted with 

caution. Please see Table 42 for fit statistics of the unconstrained and constrained models.
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Table 40 
 
Parameter Estimates for Unconstrained Model with Eighth Grade as the Initial Level 

Parameter RD Group  LRA Group 
Fixed Effects   
Mean (Intercept) Initial Level 32.87 (19.09) 95.50 (21.04)*** 
Mean (Intercept) Slope 24.00 (19.51) 81.82 (20.99)*** 
Basis Coefficients =-1 

-1.06 (.09)*** 
-0.58 (.24)* 
0.22 (1.03) 
0.45 (.80) 
=0 

=-1 
-0.96 (.04)*** 
-0.90 (.06)*** 
0.05 (.28) 
0.33 (.27) 
=0 

Initial Level on Covariates    
Female 1.07 (1.08) 1.50 (.71)* 
African American -4.48 (3.01) -5.53 (1.62)** 
Hispanic -3.05 (1.31)* -1.28 (.84) 
Asian -2.11 (2.53) 0.40 (1.75) 
Other Race/Ethnic Group -6.94 (4.39) -5.25 (1.41)*** 
Kindergarten SES 3.48 (1.86) 2.31 (.74)** 
Age at Fall Kindergarten Assessment 0.11 (.12) -0.18 (.12) 

Shape on Covariates    
Female 0.42 (1.20) 0.77 (.73) 
African American -3.85 (3.08) -4.92 (1.64)** 
Hispanic -0.88 (1.40) 0.08 (.90) 
Asian 3.50 (3.28) 2.02 (1.70) 
Other Race/Ethnic Group -5.81 (4.64) -3.27 (1.45)* 
Kindergarten SES 1.58 (1.86) 1.47 (.74) 
Age at Fall Kindergarten Assessment -0.19 (.14) -0.41 (.12)** 

   
Random Effects   
Initial Level Residual Variance -22.45 (16.00) 32.47 (22.63) 
Slope Residual Variance -18.96 (10.72) 27.19 (22.23) 
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Table 40 (cont’d) 
 
Initial Level/Slope Correlation 

 
 
----------------A 

 
 
0.89 (.08)*** 

Initial Level/Slope Residual Covariance -24.48 (13.45) 26.46 (22.49) 
Note. ANot Available. Values preceded by = indicate that the parameter was fixed to the specified value. Values in parentheses are 
standard errors. * p < .05; ** p < .01; *** p < .001. 
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Table 41 
 
Parameter Estimates for Initial Level (Eighth Grade) Constrained Model 

Parameter RD Group  LRA Group 
Fixed Effects   
Mean (Intercept) Initial Level 99.31 (18.57)*** 99.31 (18.57)*** 
Mean (Intercept) Slope 91.79 (18.93)*** 85.59 (18.58)*** 
Basis Coefficients =-1 

-0.94 (.03)*** 
-0.87 (.05)*** 
-0.58 (.09)*** 
-0.37 (.13)** 
=0 

=-1 
-0.96 (.04)*** 
-0.91 (.05)*** 
0.01 (.23) 
0.29 (.23) 
=0 

Initial Level on Covariates    
Female 2.70 (2.54) 1.54 (.72)* 
African American -13.17 (5.02)** -5.77 (1.51)*** 
Hispanic -7.82 (3.30)* -1.31 (.87) 
Asian -3.38 (5.99) 0.44 (1.80) 
Other Race/Ethnic Group -18.81 (5.73)** -5.42 (1.41)*** 
Kindergarten SES 10.00 (2.94)** 2.38 (.73)** 
Age at Fall Kindergarten Assessment 0.14 (.23) -0.20 (.11) 

Shape on Covariates    
Female 2.08 (2.62) 0.80 (.75) 
African American -12.75 (5.00)* -5.16 (1.54)** 
Hispanic -5.57 (3.38) 0.04 (.93) 
Asian 2.75 (6.69)  2.05 (1.76) 
Other Race/Ethnic Group -17.81 (5.79)** -3.44 (1.44)* 
Kindergarten SES -0.18 (0.25) 1.54 (.73)* 
Age at Fall Kindergarten Assessment 8.19 (2.93)** -0.43 (.11)*** 

   
Random Effects   
Initial Level Residual Variance 195.66 (121.78) 36.34 (21.87) 
Slope Residual Variance 205.53 (121.42) 31.01 (21.44) 
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Table 41 (cont’d) 
 
Initial Level/Slope Correlation 

 
 
0.97 (.02)*** 

 
 
0.90 (.06)*** 

Initial Level/Slope Residual Covariance 195.23 (121.54) 30.32 (21.71) 
Note. Values preceded by = indicate that the parameter was fixed to the specified value. Values in parentheses are standard errors. * p 
< .05; ** p < .01; *** p < .001. 

Table 42 
 
Fit Statistics for Multiple Group LGM for Eighth Grade Outcomes 

Fit Statistics Unconstrained Model Constrained Model 
c2 / df 110.11 / 70 101.66  / 7 
RMSEA / CIA 0.03 / .02-.04 0.03 / .01-.04 
CFI 0.98 0.98 
TLI 0.96 0.97 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root mean square error of approximation, 
CFI = comparative fit index. * p < .05; ** p < .01; *** p < .001
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Figure 6. Predicted Reading Growth Trajectories of the RD and LRA Groups 
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Sensitivity Analyses 
 

Because the two groups were defined using criteria determined by the researcher, it was 

important to use sensitivity analyses to test the robustness of the above findings. Therefore, 

whether the above results were maintained when different grouping criteria were used was 

examined. The base groups that were used in the above analyses were: (1) RD group identified 

between first and fifth grade, and (2) LRA group identified using weighted average of first, third, 

and fifth grade T-scores. In each sensitivity analysis, either the RD or the LRA group was 

replaced with a group defined using different criteria. In other words, the four sensitivity 

analyses always maintained one of the original RD or LRA groups, while the other group was 

replaced with a group defined using different criteria. The four sensitivity analyses included: (1) 

original RD group and an LRA group with children who performed below the 25th percentile at 

only the third-grade time point; (2) original LRA group and a RD group with children identified 

between kindergarten and fifth grade; (3) original LRA group and a RD group with children 

identified between first and fourth grade; and (4) an original LRA group and a RD group with 

children identified between first and third grade.  

For each of these different groupings, a number of models were fit, including the 

unweighted unconditional latent basis model with residual covariances/regressions, the 

unweighted conditional latent basis model with residual covariances/regressions, the unweighted 

multiple group LGM for the initial level, the unweighted multiple group LGM for the shape, and 

the unweighted multiple group LGM for outcomes in eighth grade. The results for each grouping 

are described below, and predicted trajectories for each of the sensitivity analyses are shown in 

Figure 7.  
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Sensitivity Analysis #1 

As described above, the first sensitivity analysis replaced the original LRA group with an 

LRA group that included children who performed below the 25th percentile on the direct reading 

assessment at the third-grade time point. The RD group was maintained (i.e., identified between 

first and fifth grade). The results for each of the different models with this grouping are 

described below. 

Unconditional latent basis model with residual covariances/regressions. The 

unconditional latent basis model with residual covariances/regressions produced results with a 

negative slope variance (-3.165, p = 0.19), suggesting that this model may not have been the best 

for the data with the groups defined in the manner. Model fit was slightly worse with these group 

in comparison to model fit with the original groups. Furthermore, this model produced two 

negative basis coefficients, which does not seem to be an accurate portrayal of the reading 

achievement trajectory over time. As a result, there are two possible explanations for these 

findings: (1) the model with group defined in this manner was not a good fit for the data, or (2) 

there was something different about the reading achievement trajectory for students in the LRA 

based on a single third grade achievement score below the 25th percentile as compared to an 

LRA group using a weighted average T-score below the 25th percentile. Please see Table 43 for 

the parameter estimates and fit statistics for the sensitivity analysis of the unweighted 

unconditional model. 

Conditional latent basis model with residual covariances/regressions. Despite 

possible differences in results based on different LRA group for the unconditional model, there 

were minimal differences in results for the conditional model when considering different 

definitions of the LRA group. The only noteworthy difference in the two conditional models 
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appeared to be the relationship between the total change (i.e., shape) and kindergarten SES. In 

the conditional model with the LRA group defined using a weighted average, there was a 

significant relationship between the total change and kindergarten SES. However, in the model 

with the LRA group defined using the single third-grade assessment score, the relationship 

between the total change and SES was not significant. In other words, children with a 

lower/higher SES did not make significantly less/more progress between kindergarten and eighth 

grade, such that there was no effect of SES on total change over time. Consequently, defining the 

LRA group using a single test score produced minimally different results than when the LRA 

group was defined using a weighted average. Please see Table 44 for the parameter estimates and 

fit statistics for the sensitivity analysis of the unweighted conditional model. 

Multiple group LGM for initial level. The multiple group LGM for the initial level 

yielded similar results when the LRA group included students who performed below the 25th 

percentile at only the third-grade time point. Please see Table 45 for fit statistics of the 

constrained and unconstrained models. Results indicated no significant group differences in the 

initial starting levels (Dc2 = 1.48, Ddf = 1) at the .05 level. Results of the Wald test also 

supported the finding of a non-significant difference in the initial level of reading achievement 

between the two groups (t = 1.50, df = 1, p = .22). Please note that the unconstrained model 

produced results with a negative slope variance in the LRA group (-0.02, p = .99), suggesting 

that this model may not have been the best for the data with the groups defined in the manner. 

Although this may not have been the most appropriate model for these data, the results suggest 

that the RD group and the LRA group had similar levels of reading achievement in the fall of 

kindergarten, even when the LRA group was defined without using a weighted average T-score 

below the 25th percentile.  
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Multiple group LGM for shape. The multiple group LGM for the shape yielded similar 

results when the LRA group included students who performed below the 25th percentile at only 

the third-grade time point. Results indicated significant group differences in the shape of reading 

achievement over time (Dc2 = 85.80, Ddf = 4) at the .05 level. Please see Table 46 for fit 

statistics of the constrained and unconstrained models. Of note, the unconstrained model 

produced results with a negative slope variance in the LRA group (-0.02, p = .99), and the 

constrained model produced results with a negative slope variance in the RD group (-8.20, p = 

.90). These results suggest that this model may not have been the best for the data with the 

groups defined in the manner. Although this may not have been the most appropriate model for 

these data, it was still important to examine whether group differences existed in this grouping 

pair. In general, these results suggest that the RD group and the LRA group had different shapes 

of reading achievement, even when the LRA group was defined without using a weighted 

average T-score below the 25th percentile.  

Multiple group LGM for outcomes in eighth grade. The multiple group LGM for 

eighth grade as the initial level yielded conflicting results when the LRA group included students 

who performed below the 25th percentile at only the third-grade time point. Although the chi-

square difference test could not be computed due to a negative difference value, a Wald test 

revealed no significant group differences in the reading achievement scores at the end of eighth 

grade (t = 2.42, df = 1, p =.12). A Wald test (i.e., independent samples t-test) that compared the 

mean eighth-grade reading achievement scores revealed marginally significant group differences 

(t = 4.01, df = 1, p = .04). Here, the estimated mean IRT scale score for the RD group was 

141.81 and for the LRA group was 137.62, which were quite similar to the means of the original 

groups. Also of note, the unconstrained model produced results with a negative slope and initial 
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level variance in both the RD group (initial level: -22.45, p = .16; slope: -18.96, p = .08) and in 

the LRA group (initial level: -1.27, p = .81; slope: -0.02, p = .99), and the constrained model 

produced a negative initial level variance in the LRA group (-0.18, p = .98). Further, in the graph 

of the predicted reading growth trajectories (see Figure 7), it appears that there was a significant 

difference in the eighth-grade reading outcomes between the two groups.  Thus, it is possible that 

the conflicting findings occurred because of poor model fit and inappropriate basis coefficients 

as well as slight differences in the reading achievement trajectory and relationship between the 

covariates when the LRA group was defined using a single achievement score below the 25th 

percentile. Please see Table 47 for fit statistics of the constrained and unconstrained models.
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Table 43 

Parameter Estimates and Fit Statistics for Sensitivity Analyses of Unweighted Unconditional Latent Basis Models  
Parameter Original Groups 

(RD 1st-5th and 
LRA Weighted 

Average) 
n = 1080 

Sensitivity 
Analysis #1 (RD 
1st-5th and LRA 
3rd grade only) 

n = 1010 

Sensitivity 
Analysis #2 (RD 
K-5th and LRA 

Weighted 
Average) 
n = 1120 

Sensitivity 
Analysis #3 (RD 
1st-4th and LRA 

Weighted 
Average) 
n =  1070 

Sensitivity 
Analysis #4 (RD 
1st-3rd and LRA 

Weighted 
Average) 
n = 1030 

Fixed Effects      
Mean Initial Level 28.32 (.14)*** 28.63 (.15)*** 28.36 (.14)*** 28.31 (.14)*** 28.27 (.14)*** 
Mean Slope 77.40 (25.66)** 16.13 (7.39)* 80.26 (27.84)** 76.82 (25.56)** 70.41 (24.31)** 
Basis Coefficients =0 

0.03 (.02) 
0.08 (.02)* 
0.59 (.20)** 
0.87 (.25)*** 
=1 

=0 
-0.15 (.15) 
-0.01 (.13) 
1.97 (.87)* 
1.36 (.48)** 
=1 

=0 
0.03 (.02) 
0.07 (.03)* 
0.55 (.19)** 
0.80 (.23)** 
=1 

=0 
0.03 (.02) 
0.08 (.04)* 
0.60 (.20)** 
0.88 (.25)*** 
=1 

=0 
0.04 (.03) 
0.08 (.04)* 
0.65 (.23)** 
0.92 (.26)*** 
=1 

      
Random Effects      
Initial Level Variance 10.26 (1.10)*** 10.15 (2.03)*** 10.10 (1.07)*** 10.21 (1.10)*** 10.09 (1.14)*** 
Slope Variance 158.64 (117.33) -3.17 (2.42) 178.43 (137.76) 155.24 (115.69) 126.53 (100.40) 
Initial Level/Slope Correlation 0.02 (.08) -------------------B 0.03 (.08) 0.77 (.80) -0.01 (.09) 
Initial Level/Slope Covariance 0.64 (3.26) -2.62 (2.03)*** 1.29 (3.59) 0.96 (3.27) -0.18 (3.03) 
      
Fit Statistics      
c2 / df 10.52 / 7 34.44 / 7 11.872 / 7 10.43 / 7 11.47 / 7 
RMSEA / CIA 0.02 / .00-.05 0.06 / .04-.08 0.03 / .00-.05 0.02 / .00-.05 0.03 / .00-.05 
CFI 0.998 0.98 0.997 0.998 0.997 
TLI 0.995 0.97 0.99 0.995 0.993 

Note. ACI = confidence interval. BNot Available. Values preceded by = indicate that the parameter was fixed to the specified value. 
Values in parentheses are standard errors. c2= maximum likelihood chi square fit statistic, RMSEA = root mean square error of 
approximation, CFI = comparative fit index. * p < .05; ** p < .01; *** p < .001. 
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Table 44 

Parameter Estimates and Fit Statistics for Sensitivity Analyses of Unweighted Conditional Latent Basis Models  
Parameter Original Groups 

(RD 1st-5th and 
LRA Weighted 

Average) 
n = 1080 

Sensitivity 
Analysis #1 (RD 
1st-5th and LRA 
3rd Grade Only) 

n = 1010 

Sensitivity 
Analysis #2 (RD 
K-5th and LRA 

Weighted  
Average) 
n = 1120 

Sensitivity 
Analysis #3 (RD 
1st-4th and LRA 

Weighted 
Average) 
n =  1070 

Sensitivity 
Analysis #4 (RD 
1st-3rd and LRA 

Weighted 
Average) 
n = 1030 

Fixed Effects      
Mean (Intercept) Initial Level 12.78 (1.96)*** 13.19 (2.34)*** 13.45 (1.87)*** 12.81 (1.97)*** 13.22 (2.02)*** 
Mean (Intercept) Slope 125.04 

(30.19)*** 
68.70 (28.05)* 125.23 

(31.21)*** 
125.12 
(30.29)*** 

127.44 
(31.20)*** 

Basis Coefficients =0 
0.03 (.02) 
0.08 (.03)* 
0.52 (.14)*** 
0.75 (.16)*** 
=1 

=0 
0.06 (.04) 
0.12 (.04)** 
0.83 (.31)** 
0.86 (.16)*** 
=1 

=0 
0.04 (0.02) 
0.07 (.03)* 
0.51 (.14)*** 
0.71 (.15)*** 

=0 
0.03 (.02) 
0.08 (.03)* 
0.52 (0.14)*** 
0.75 (.16)*** 
=1 

=0 
0.03 (.02) 
0.07 (.03)* 
0.53 (.14)*** 
0.75 (.16)*** 
=1 

Initial Level on Covariates       
Female 0.74 (.24)** 0.61 (.29)* 0.75 (.24)** 0.77 (.24)** 0.77 (.25)** 
African American -0.28 (.32) 0.21 (.41) -0.25 (.31) -0.31 (.32) -0.22 (.33) 
Hispanic -1.26 (.33)*** -1.85 (.37)*** -1.16 (.33)*** -1.25 (.33)*** -1.12 (.34)** 
Asian -1.72 (.74)* -2.74 (.78)*** -1.67 (.75)* -1.71 (.74)* -1.45 (.73) 
Other Race/Ethnic Group -1.68 (.40)*** -1.25 (.49)* -1.50 (.39)*** -1.68 (.40)*** -1.58 (.41)*** 
Kindergarten SES 1.04 (.18)*** 1.27 (.21)*** 1.03 (.18)*** 1.04 (.18)*** 1.01 (.19)*** 
Age at Fall Kindergarten  0.24 (.03)*** 0.24 (.03)*** 0.23 (.03)*** 0.24 (.03)*** 0.23 (.03)*** 

Shape on Covariates       
Female 2.00 (1.27) 1.14 (1.16) 2.06 (1.29) 1.87 (1.26) 1.85 (1.29) 
African American -11.57 (3.21)*** -7.52 (2.86)** -11.37 (3.24)*** -11.50 (3.21)*** -11.40 (3.25)*** 
Hispanic -3.04 (1.86)  -2.50 (1.46) -2.49 (1.84) -3.06 (1.86) -2.99 (3.25) 
Asian 0.47 (2.80) 0.48 (2.15) 1.12 (2.86) 0.44 (2.79) 0.32 (2.81) 
Other Race/Ethnic Group -9.91 (3.13)** -5.43 (2.34)* -8.72 (3.06)** -9.90 (3.13)** -9.22 (3.01)** 
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Table 44 (cont’d) 
 
Kindergarten SES 

 
 
4.45 (1.58)** 

 
 
2.31 (1.31) 

 
 
4.72 (1.68)** 

 
 
4.41 (1.57)** 

 
 
4.04 (1.53)** 

Age at Fall Kindergarten  -0.49 (.14)*** -0.32 (.11)** -0.50 (.14)*** -0.50 (.14)*** -0.56 (.15)*** 
      

Random Effects      
Initial Level Residual Variance 8.11 (.97)*** 11.39 (1.78)*** 8.15 (.93)*** 8.03 (.96)*** 8.04 (.98)*** 
Slope Residual Variance 161.50 (99.38) 25.79 (48.00) 171.07 (110.41) 159.39 (99.01) 152.44 (97.08) 
Initial Level/Slope Correlation -0.02 (.08) -0.25 (.24) -0.01 (.08) -0.01 (.08) -0.03 (.08) 
Initial Level/Slope Residual 
Covariance 

-2.23 (2.88) -6.65 (2.83) -1.40 (2.95) -1.88 (2.88) -1.87 (2.93) 

       
Fit Statistics      
c2 / df 61.41 / 35 108.36 / 35 57.70 / 35 60.80 / 35 57.38 / 35 
RMSEA / CIA 0.03 / .02-.04 0.05 / .04-.06 0.02 / .01-.04 0.03 / .02-.04 0.03 / .01-.04 
CFI 0.99 0.97 0.99 0.99 0.99 
TLI 0.98 0.94 0.98 0.98 0.98 

Note. ACI = confidence interval. Values preceded by = indicate that the parameter was fixed to the specified value. Values in 
parentheses are standard errors. c2= maximum likelihood chi square fit statistic, RMSEA = root mean square error of approximation, 
CFI = comparative fit index. * p < .05; ** p < .01; *** p < .001.
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Table 45 
 
Sensitivity Analysis #1: Parameter Estimates for Unconstrained and Constrained Initial Level 
Model 
Fit Statistics Original Groups Sensitivity Group #1 

Unconstrained Model 
c2 / df 101.87 / 70 119.05 / 70 
RMSEA / CIA 0.03 / .02-.04 0.04 / .03-.05 
CFI 0.98 0.98 
TLI 0.97 0.96 

Constrained Model 
c2 / df 104.12 / 71 120.47 / 71 
RMSEA / CIA 0.03 / .02-.04 0.04 / .03-.05 
CFI 0.98 0.98 
TLI 0.97 0.96 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  

Table 46 
 
Sensitivity Analysis #1: Parameter Estimates for Unconstrained and Constrained Basis 
Coefficients Model 
Fit Statistics Original Groups Sensitivity Group #1 

Unconstrained Model 
c2 / df 101.87 / 70 119.05 / 70 
RMSEA / CIA 0.03 / .02-.04 0.04 / .03-.05 
CFI 0.98 0.98 
TLI 0.97 0.96 

Constrained Model 
c2 / df 115.13 / 74 142.12 / 74 
RMSEA / CIA 0.03 / .02-.04 0.04 / .03-.05 
CFI 0.98 0.97 
TLI 0.97 0.95 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  
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Table 47 
 
Sensitivity Analysis #1: Parameter Estimates for Unconstrained and Constrained Eighth Grade 
Initial Level Model 
Fit Statistics Original Groups Sensitivity Group #1 

Unconstrained Model 
c2 / df 110.11 / 70 127.45 / 70 
RMSEA / CIA 0.03 / .02-.04 0.04 / .03-.05 
CFI 0.98 0.97 
TLI 0.96 0.96 

Constrained Model 
c2 / df 101.66 / 71 120.416 / 71 
RMSEA / CIA 0.03 / .01-.04 0.04 / .03-.05 
CFI 0.98 0.98 
TLI 0.97 0.96 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  

Sensitivity Analysis #2 

As described above, the second sensitivity analysis replaced the original RD group with a 

RD group that included children who were identified to received special education services due 

to RD between kindergarten and fifth grade. The original LRA group was maintained (i.e., 

weighted average below 25th percentile). The results for each of the different models with this 

grouping are described below. 

Unconditional latent basis model with residual covariances/regressions. When 

kindergarten students were included in the RD group, the results for the unconditional latent 

basis model with residual covariances/regressions were extremely similar to the results when the 

kindergarten students were not included in the RD group (see Table 43). Therefore, it is unlikely 

that the overall reading growth trajectory would have looked different had the RD group 

included children identified in kindergarten.  

Conditional latent basis model with residual covariances/regressions. The results for 

the conditional latent basis model with residual covariances/regressions were very similar when 
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the RD group both included and excluded kindergarten students identified as having a RD (see 

Table 44). Thus, the relationship between reading achievement growth and the covariates did not 

appear to change when RD-identified kindergarten students were included in the RD group. 

Multiple group LGM for initial level. The multiple group LGM for the initial level 

yielded similar results when the RD group included students who were identified to receive 

special education services due to a RD in kindergarten. Please see Table 48 for fit statistics of the 

unconstrained and constrained models. Results indicated no significant group differences in the 

initial starting levels (Dc2 = 0.96, Ddf = 1) at the .05 level. Results of the Wald test also 

supported the finding of a non-significant difference in the initial level of reading achievement 

between the two groups (t = 0.92, df = 1, p = .34). Therefore, these results suggest that the RD 

group and the LRA group had similar levels of reading achievement in the fall of kindergarten, 

even when the RD group included children who were identified in kindergarten. 

Multiple group LGM for shape. The multiple group LGM for the shape yielded similar 

results when the when the RD group included students who were identified to received special 

education services due to a RD in kindergarten. Results indicated significant group differences in 

the shape of reading achievement over time (Dc2 = 12.41, Ddf = 4) at the .05 level. Please see 

Table 49 for fit statistics of the constrained and unconstrained models. Of importance, the 

constrained model produced results with a negative slope variance in the RD group (-10.86, p = 

.68). Therefore, these results suggest that this model may not have been the best for the data with 

the groups defined in the manner. Although this may not have been the most appropriate model 

for these data, the results suggest that the RD group and the LRA group had different patterns, or 

shapes of reading achievement over time, even when the RD group included children who were 

identified with RD in kindergarten. 
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Multiple group LGM for outcomes in eighth grade. The multiple group LGM for 

eighth grade as the initial level yielded similar results when the RD group included students who 

were identified to received special education services due to a RD in kindergarten. Please see 

Table 50 for fit statistics of the constrained and unconstrained models. Although the chi-square 

difference test could not be computed due to a negative difference value, a Wald test revealed 

significant group differences in the reading achievement scores at the end of eighth grade (t = 

6.99, df = 1, p < .01). Further, a Wald test (i.e., independent samples t-test) that compared the 

mean eighth-grade reading achievement scores revealed similar results (t = 4.76, df = 1, p < .05). 

As in the original groups, the RD group had a significantly higher mean IRT scale score of 

140.99 compared to the LRA group’s mean IRT scale score of 136.92. Also of note, the 

unconstrained model produced results with a negative slope and initial level variance in the RD 

group (initial level: -20.26, p = .30; slope: -19.19, p = .20). Even though this may not have been 

the most appropriate model for these data, these results suggest that the RD group and the LRA 

group had different levels of reading achievement in the spring of eighth grade, even when the 

RD group included children who were identified in kindergarten. 
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Table 48 
 
Sensitivity Analysis #2: Parameter Estimates for Unconstrained and Constrained Initial Level 
Model 
Fit Statistics Original Groups Sensitivity Group #2 

Unconstrained Model 
c2 / df 101.87 / 70 99.45 / 70 
RMSEA / CIA 0.03 / .02-.04 0.03 / .01-.04 
CFI 0.98 0.98 
TLI 0.97 0.98 

Constrained Model 
c2 / df 104.12 / 71 100.31 / 71 
RMSEA / CIA 0.03 / .02-.04 0.03 / .01-.04 
CFI 0.98 0.98 
TLI 0.97 0.98 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  

 
Table 49 
 
Sensitivity Analysis #2: Parameter Estimates for Unconstrained and Constrained Basis 
Coefficients Model 
Fit Statistics Original Groups Sensitivity Group #2 

Unconstrained Model 
c2 / df 101.87 / 70 99.45 / 70 
RMSEA / CIA 0.03 / .02-.04 0.03 / .01-.04 
CFI 0.98 0.98 
TLI 0.97 0.98 

Constrained Model 
c2 / df 115.13 / 74 110.57 / 74 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  
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Table 50 
 
Sensitivity Analysis #2: Parameter Estimates for Unconstrained and Constrained Eighth Grade 
Initial Level Model 
Fit Statistics Original Groups Sensitivity Group #2 

Unconstrained Model 
c2 / df 110.11 / 70 101.18 / 70 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.96 0.97 

Constrained Model 
c2 / df 101.66 / 71 99.70 / 71 
RMSEA / CIA 0.03 / .01-.04 0.03 / .01-.04 
CFI 0.98 0.99 
TLI 0.97 0.98 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  

Sensitivity Analysis #3 

As described above, the third sensitivity analysis replaced the original RD group with a 

RD group that included children who were identified to received special education services due 

to RD between first and fourth grade. The original LRA group was maintained (i.e., weighted 

average below 25th percentile). The results for each of the different models with this grouping are 

described below. 

Unconditional latent basis model with residual covariances/regressions. When fifth-

grade students were excluded from the RD group, the results for the unconditional latent basis 

model with residual covariances/regressions were extremely similar to the results when the fifth-

grade students were included in the RD group (see Table 43). Therefore, it is unlikely that the 

overall reading growth trajectory would have looked different had the RD group excluded 

children identified in fifth grade.  

Conditional latent basis model with residual covariances/regressions. The results for 

the conditional latent basis model with residual covariances/regressions were very similar when 
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the RD group both included and excluded fifth-grade students identified as having a RD (see 

Table 44). Thus, the relationship between reading achievement growth and the covariates did not 

appear to change when RD-identified fifth-grade students were excluded from the RD group. 

Multiple group LGM for initial level. The multiple group LGM for the initial level 

yielded similar results when the RD group excluded students who were identified to receive 

special education services due to a RD in fifth grade. Please see Table 51 for fit statistics of the 

constrained and unconstrained models. Results indicated no significant group differences in the 

initial starting levels (Dc2 = 2.29, Ddf = 1) at the .05 level. Results of the Wald test also 

supported the finding of a non-significant difference in the initial level of reading achievement 

between the two groups (t = 2.20, df = 1, p = .14). Therefore, these results suggest that the RD 

group and the LRA group had similar levels of reading achievement in the fall of kindergarten, 

even when the RD group excluded children who were identified in fifth grade. 

Multiple group LGM for shape. The multiple group LGM for the shape yielded similar 

results when the RD group excluded students who were identified to receive special education 

services due to a RD in fifth grade. Results indicated significant group differences in the shape of 

reading achievement over time (Dc2 = 12.63, Ddf = 4) at the .05 level. Please see Table 52 for fit 

statistics of the constrained and unconstrained models. Of importance, the constrained model 

produced results with a negative slope variance in the RD group (-1.56, p = .96). Therefore, these 

results suggest that this model may not have been the best for the data with the groups defined in 

the manner. Although this may not have been the most appropriate model for these data, the 

results suggest that the RD group and the LRA group had different patterns, or shapes of reading 

achievement over time, even when the RD group excluded children who were identified with RD 

in fifth grade. 
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Multiple group LGM for outcomes in eighth grade. The multiple group LGM for 

eighth grade as the initial level yielded similar results RD group excluded students who were 

identified to receive special education services due to a RD in fifth grade. Please see Table 53 for 

fit statistics of the constrained and unconstrained models. Although the chi-square difference test 

could not be computed due to a negative difference value, a Wald test revealed significant group 

differences in the reading achievement scores at the end of eighth grade (t = 4.47, df = 1, p < 

.05). Further, a Wald test (i.e., independent samples t-test) that compared the mean eighth-grade 

reading achievement scores revealed similar results (t = 6.51, df = 1, p < .05). As in the original 

groups, the RD group had a significantly higher mean IRT scale score of 142.04 compared to the 

LRA group’s mean IRT scale score of 136.92. Also, please note that the unconstrained model 

produced results with a negative slope and initial level variance in the RD group (initial level 

variance: -22.52, p = .16; slope variance: -19.28, p = .08). Even though this may not have been 

the most appropriate model for these data, these results suggest that the RD group and the LRA 

group had different levels of reading achievement in the spring of eighth grade, even when the 

RD group included children who were identified to receive special education services due to a 

RD in fifth grade. 
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Table 51 
 
Sensitivity Analysis #3: Parameter Estimates for Unconstrained and Constrained Initial Level 
Model 
Fit Statistics Original Groups Sensitivity Group #3 

Unconstrained Model 
c2 / df 101.87 / 70 104.80 / 70 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Constrained Model 
c2 / df 104.12 / 71 107.27 / 71 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  

Table 52 
 
Sensitivity Analysis #3: Parameter Estimates for Unconstrained and Constrained Basis 
Coefficients Model 
Fit Statistics Original Groups Sensitivity Group #3 

Unconstrained Model 
c2 / df 101.87 / 70 104.80 / 70 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Constrained Model 
c2 / df 115.13 / 74 117.25 / 74 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.96 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  
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Table 53 
 
Sensitivity Analysis #3: Parameter Estimates for Unconstrained and Constrained Eighth Grade 
Initial Level Model 
Fit Statistics Original Groups Sensitivity Group #3 

Unconstrained Model 
c2 / df 110.11 / 70 112.25 / 70 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.05 
CFI 0.98 0.98 
TLI 0.96 0.96 

Constrained Model 
c2 / df 101.66 / 71 104.60 / 71 
RMSEA / CIA 0.03 / .01-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  

Sensitivity Analysis #4 

As described above, the fourth sensitivity analysis replaced the original RD group with a 

RD group that included children who were identified to received special education services due 

to RD between first and third grade. The original LRA group was maintained (i.e., weighted 

average below 25th percentile). The results for each of the different models with this grouping are 

described below. 

Unconditional latent basis model with residual covariances/regressions. When fourth 

and fifth grade students were excluded from the RD group, the results for the unconditional 

latent basis model with residual covariances/regressions were extremely similar to the results 

when fourth- and fifth-grade students were included in the RD group (see Table 43). Therefore, 

it is unlikely that the overall reading growth trajectory would have looked different had the RD 

group excluded children identified in fourth and fifth grade. 

Conditional latent basis model with residual covariances/regressions. There appeared 

to be only one difference in results between the models when the RD group either included or 



	

	 198 

excluded fourth- and fifth-grade students (see Table 44). Specifically, in the model where the 

fourth and fifth grade students were included in the RD group (i.e., original analyses), there was 

a significant relationship between being an Asian student and the initial level of reading 

achievement, such that Asian students had lower initial levels of reading achievement than White 

students. Nonetheless, when fourth- and fifth-grade students were excluded from the RD group, 

being an Asian student did not significantly predict a lower initial achievement level. There were 

no other differences in the results for the conditional latent basis model with residual 

covariances/regressions when fourth- and fifth-grade students were excluded. Thus, the 

relationship between reading achievement growth and the covariates did not appear to change 

when RD-identified fourth- and fifth-grade students were excluded from the RD group, except 

for the relationship between the initial level and Asian students. 

Multiple group LGM for initial level. The multiple group LGM for the initial level 

yielded similar results when the RD group excluded students who were identified to receive 

special education services due to a RD in fourth and fifth grade. Please see Table 54 for fit 

statistics of the constrained and unconstrained models. Results indicated no significant group 

differences in the initial starting levels (Dc2 = 1.60, Ddf = 1) at the .05 level. Results of the Wald 

test also support the finding of a non-significant difference in the initial level of reading 

achievement between the two groups (t = 1.53, df = 1, p = .22). Therefore, these results suggest 

that the RD group and the LRA group had similar levels of reading achievement in the fall of 

kindergarten, even when the RD group excluded children who were identified in fourth and fifth 

grade. 

Multiple group LGM for shape. The multiple group LGM for the shape yielded similar 

results when the RD group excluded students who were identified to receive special education 
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services due to a RD in fourth and fifth grade. Results indicated significant group differences in 

the shape of reading achievement over time (Dc2 = 11.10, Ddf = 4) at the .05 level. Please see 

Table 55 for fit statistics of the constrained and unconstrained models. Of importance, the 

constrained model produced results with a negative slope/initial level covariance in the RD 

group (-4.92, p = .16), which occurred due to a non-positive definite covariance matrix. 

Therefore, these results suggest that this model may not have been the best for the data with the 

groups defined in the manner. Although this may not have been the most appropriate model for 

these data, the results suggest that the RD group and the LRA group had different patterns, or 

shapes of reading achievement over time, even when the RD group excluded children who were 

identified to receive special education services with RD in fourth and fifth grade. 

Multiple group LGM for outcomes in eighth grade. The multiple group LGM for 

eighth grade as the initial level yielded conflicting results when the RD group excluded students 

who were identified to receive special education services due to a RD in fourth and fifth grade. 

Please see Table 56 for fit statistics of the constrained and unconstrained models. Results 

indicated no significant group differences in reading achievement outcomes in eighth grade (Dc2 

= 0.20, Ddf = 1) at the .05 level. In support of this finding, a Wald test revealed no significant 

group differences in the reading achievement scores at the end of eighth grade (t = 0.18, df = 1, p 

= .68). Similarly, a Wald test (i.e., independent samples t-test) that compared the mean eighth-

grade reading achievement scores revealed similar results (t = 3.96, df = 1, p = .05). The mean 

IRT scale score of the RD and LRA groups were 141.21 and 136.92, respectively. Although 

these means are similar to those of the original groups, this model with the RD group excluding 

children identified after third grade indicated that there were not differences between the two 

groups’ reading achievement at the end of eighth grade. Perhaps, excluding children who were 
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identified in fourth and fifth grade removed some of the inter- and intra-individual variation in 

reading scores to make the two groups look more similar. In other words, those identified in later 

grades may have been those with the higher reading scores in eighth grade, and by removing 

them from the sample, the variation they contributed to the group was removed as well. Also of 

importance, this model ran without any errors related to negative slope and initial level variance, 

so it may be that this grouping permits for the drawing of more appropriate conclusions 

compared to the model with the original groupings. Further consideration and discussion about a 

RD group that excludes students identified with RD in fourth and fifth grade is provided below. 

 Table 54 

Sensitivity Analysis #4: Parameter Estimates for Unconstrained and Constrained Initial Level 
Model 
Fit Statistics Original Groups Sensitivity Group #4 

Unconstrained Model 
c2 / df 101.87 / 70 103.04 / 70 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Constrained Model 
c2 / df 104.12 / 71 104.68 / 71 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  
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Table 55 
 
Sensitivity Analysis #4: Parameter Estimates for Unconstrained and Constrained Basis 
Coefficients Model 
Fit Statistics Original Groups Sensitivity Group #4 

Unconstrained Model 
c2 / df 101.87 / 70 103.04 / 70 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Constrained Model 
c2 / df 115.13 / 74 114.48 / 74 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.96 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index.  

Table 56 
 
Sensitivity Analysis #4: Parameter Estimates for Unconstrained and Constrained Eighth Grade 
Initial Level Model 
Fit Statistics Original Groups Sensitivity Group #4 

Unconstrained Model 
c2 / df 110.11 / 70 103.04 / 70 
RMSEA / CIA 0.03 / .02-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.96 0.97 

Constrained Model 
c2 / df 101.66 / 71 102.76 / 71 
RMSEA / CIA 0.03 / .01-.04 0.03 / .02-.04 
CFI 0.98 0.98 
TLI 0.97 0.97 

Note. ACI = confidence interval. c2= maximum likelihood chi square fit statistic, RMSEA = root 
mean square error of approximation, CFI = comparative fit index. 
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Figure 7. Predicted Reading Growth Trajectories of the Sensitivity Analyses for the RD and LRA Groups. Top left: Sensitivity #1 RD 
1st-5th and LRA 3rd grade only below 25th percentile; top right: Sensitivity #2 RD K-5th and LRA weighted average below 25th 
percentile; bottom left: Sensitivity #3 RD 1st-4th and LRA weighted average below 25th percentile; bottom right: Sensitivity #4 RD 1st-
3rd and LRA weighted average below 25th percentile.
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Summary 

 First, unweighted and weighted descriptive statistics were examined. The unweighted 

descriptive statistics revealed that the full sample was composed of lower SES, 

racially/ethnically diverse students around five and a half years of age. When comparing the RD 

group to the LRA group, the RD group had a higher proportion of boys than did the LRA group, 

while the LRA group had a lower SES and was more racially/ethnically diverse than the RD 

group. The RD group also outperformed the LRA group at the third- and eighth-grade time 

points on the direct reading assessment.  

 Results of the weighted descriptive statistics were relatively similar to the unweighted 

results. When the weights were used, the RD group became 8% more racially/ethnically diverse, 

while the LRA group stayed the same. All other weighted descriptive statistics were quite similar 

to their unweighted counterparts. However, when the weights were applied, more statistically 

significant differences were found between the RD and LRA group’s reading IRT scale scores, 

but it did not appear that all of these differences were clinically significant. Therefore, 

examination of the descriptive statistics indicated that the weighted and unweighted samples 

were fairly similar. Still, it should be noted that analyses performed using unweighted data does 

not generalize to the 1998-1999 kindergarten class. 

Second, a logistic regression was conducted to determine whether the covariates 

predicted group membership. Unweighted results indicated that all of the independent variables 

predicted membership in the RD group. Specifically, boys were more likely to be identified as 

members of the RD group, while African American, Hispanic, Asian, and students from other 

diverse racial/ethnic group were significantly less likely to be identified for the RD group. Older 

students and students with higher SES were more likely to be identified for the RD group. 
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Similar results were found when using weighted data, except that the gender dummy variable did 

not significantly predict group membership. Although gender did not predict group membership, 

it was still used as a covariate in the LGM model, given that gender plays an important role in 

reading development. 

Next, unweighted and weighted unconditional and conditional LGMs were fit to the data. 

The weighted data produced unreliable results due to negative slope and intercept variances as 

well as implausible basis coefficient estimates. As a result, only the unweighted data were 

analyzed in depth. For the unweighted unconditional model, a latent basis model with residual 

covariances/regressions was the best model to capture the longitudinal trajectory of the full 

sample’s reading achievement over time. The basis coefficients in this unconditional latent basis 

model suggested that 59% of the growth occurred between the fall of kindergarten and the spring 

of third grade, and 87% of the growth occurred between the fall of kindergarten and the spring of 

fifth grade. In other words, over half of the growth in reading achievement occurred between the 

spring of first grade and the spring of third grade, with another 28% of growth occurring between 

the spring of third grade and the spring of fifth grade, and the remaining 13% occurring between 

the spring fifth grade and the spring of eighth grade. 

The results of unweighted conditional latent basis model reveled important relationships 

among initial levels of reading achievement, total growth, and the covariates. More specifically, 

Hispanic children, Asian children, other racially/ethnic diverse children, and children with lower 

SES had significantly lower reading achievement at the fall of kindergarten. There were no 

significant differences between African American children and White children’s reading 

achievement at the start of kindergarten, and older children had significant higher reading 

achievement at the start of kindergarten. In terms of total growth over time, African American 
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children, other racially/ethnic diverse children, and younger children made significantly less 

gains in reading achievement over time, whereas children with higher SES made significantly 

greater progress over time. Girls, Hispanic children, and Asian children did not significantly 

differ from the boys and White children, respectively in terms of total growth in reading 

achievement over time. 

 Next, to examine group differences, three multiple group LGMs were carried out using 

the unweighted data. The multiple group LGMs revealed that the two groups did not differ in 

terms of initial starting levels of reading achievement. The multiple group LGM did reveal, 

however, that the two groups differed in terms of the shape of total change over time as well as 

in terms of reading achievement outcomes at the end of eighth grade. Specifically, at the end of 

eighth grade, the RD group outperformed the LRA group. 

Finally, sensitivity analyses with different groups were conducted in order to test the 

robustness of the original findings. By and large, the results of the sensitivity analyses were 

consistent with the results based on the original groups (i.e., LRA weighted average below 25th 

percentile; RD 1st-5th grade). However, some differences were found. In sensitivity analysis #1 

with the LRA group defined using a single IRT scale score below the 25th percentile, the 

unconditional and conditional latent basis models were not the best fit for the data, which may 

explain some of the conflicting results with this grouping. Specifically, no group differences 

were found in eighth-grade reading achievement outcomes. Thus, it is possible that there was 

something different about an LRA group defined using a single score that caused results that 

were slightly different from those using the original grouping. Results of sensitivity analysis #2, 

in which the RD group included children identified in kindergarten through fifth grade, were the 

same as those when the RD excluded children diagnosed with RD in kindergarten. Similarly, 
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results of sensitivity analysis #3, in which the RD group included children identified in first 

through fourth grade, were the same as those when the RD group included children diagnosed 

with RD in fifth grade. Lastly, results of sensitivity analysis #4, in which the RD group included 

children first through third grade, were the same as those when the RD group included children 

diagnosed in fourth and fifth grade, except that no differences between the LRA and RD groups’ 

reading achievement were found at the end of eighth grade. Given that two of the sensitivity 

analyses led to conflicting results at the eighth-grade time point, careful consideration and 

discussion is warranted as to why differing results were found.



	

	 207 

CHAPTER 5 
DISCUSSION 

 
Researchers continue to study the reading development and reading achievement of 

children who struggle to learn to read. Around 7% of children who have difficulty with reading 

will be diagnosed with RD, and many of these children will receive special education services in 

school. However, there are also students who struggle to read, but do not receive a diagnosis of 

RD or subsequent special education services. These children are often referred to as students 

with LRA. 

Understanding the differences between children with diagnosed RD and with LRA has 

been of focus in many areas of research. First, researchers have studied whether children with 

RD and LRA differ in terms of their cognitive abilities and neuropsychological functioning. 

Generally, this research indicates that the two groups do not differ across such domains. 

Furthermore, part of this research has determined that both children with RD and LRA 

demonstrate deficits in phonological awareness, and that reading ability exists on a continuum, 

such that those with RD are not a separate entity from those with less severe reading problems. 

Second, researchers have also examined how students with reading problems respond to 

intervention. From this research, researchers have identified students whose reading problems 

are easily remediated and students whose reading problems are more difficult to remediate. Even 

though some students’ reading problems may be difficult to remediate, they are still able to make 

modest improvements to their reading skills with intensive, high-quality, and evidence-based 

reading interventions. Third, researchers have studied the longitudinal trends in reading 

achievement and have recognized two contrasting theories on reading achievement trajectories. 

One of these theories is called the Matthew effect, which suggests that children with the lowest 

reading achievement will get worse over time, and those with the highest reading skills will 
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make the most progress. The other theory is called the compensatory trajectory of reading 

development, in which children with initially lower reading skills grow at a faster rate and catch 

up to their peers with initially higher reading skills. For both the Matthew effect and the 

compensatory trajectory of reading development, there is evidence that regardless of the rate of 

progress, children with RD never catch up to their same-age peers. Research on the different 

patterns of reading growth also allows for the consideration of at what point in time do children 

experience the most growth in their reading skills. Generally, research suggests that children 

make the most gains in reading before first grade, and after first grade, growth slows. Thus, when 

examining the results of the current study, which utilized only a sample of poor readers, it is 

important to think about how the participants’ patterns of reading growth fit within the literature 

that compares children without reading problems to children with reading problems. 

Lastly, and most closely related to the current study, researchers have studied differences 

in the longitudinal reading achievement trajectories between children with RD and LRA. 

However, the present literature review identified only two studies that allowed for the 

comparison of initial reading achievement and rates of growth over time. Both of these studies 

found differences in neither initial reading achievement scores nor rates of growth over time 

between the two groups. These studies, however, did not include information about special 

education eligibility, so whether students received special education services was unknown. This 

study extended the research, providing additional insight about differences in the reading 

achievement trajectories between students identified to receive special education services for RD 

and non-identified students with LRA from kindergarten through eighth grade.  

 The current longitudinal study utilized LGM modeling to both examine the reading 

achievement growth trajectories in a sample of children with reading difficulties and compare the 
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trajectories of a special education-identified RD group and a non-identified LRA group. 

Specifically, differences in initial reading achievement at the start of kindergarten, patterns of 

growth over time, and reading achievement outcomes at the end of eighth grade were examined. 

Before conducting the latent growth analyses, a logistic regression was conducted to determine 

whether the covariates predicted group membership. Logistic regression hypotheses were 

supported such that all of the covariates significantly predicted group membership in the 

unweighted model, and only gender did not predict group membership in the weighted model. 

Next, a latent basis model with residual covariances/regression was identified as the best fitting 

unconditional model. Then, a conditional latent basis model with residual covariances/regression 

was fit to the data in order to determine the relationship between the covariates and growth 

trajectory. Interesting relationships among the covariates and the initial starting levels, patterns 

of growth, and eighth grade reading outcomes were revealed, which will be discussed in greater 

depth below. 

 Lastly, three multiple group latent growth analyses were conducted. Original hypotheses 

for these analyses were not supported. First, results of the initial level analysis did not support 

the original hypothesis, such that results indicated no differences in reading achievement 

between the two groups at the start of kindergarten. Second, significant differences between the 

RD and LRA groups’ patterns, or shapes of reading growth over time were found. However, 

exactly how the shapes differed could not be determined. The original hypothesis was that the 

two groups would have similar shapes but different rates of change. Given that the two groups 

had different shapes, no analyses were carried out on their rates of change. Third, it was 

hypothesized that the RD group would have significantly lower reading achievement scores at 
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the end of eighth grade, but in fact, results revealed that the RD group had significantly higher 

reading achievement scores at the end of eighth grade. 

 Overall this study offers a unique contribution to the literature related to the differences 

in the longitudinal trends (i.e., kindergarten through eighth grade) in reading achievement 

between students with RD and LRA through the use of advanced statistical methods (i.e., LGM), 

control of important variables, consideration of special education eligibility, large sample size, 

and examination of initial reading levels at kindergarten entry, shape of reading growth, and 

eighth grade reading outcomes. A closer examination of the results follows. 

Predicting Group Membership 

 The results of the logistic regressions indicated a number of important findings, some of 

which were in line with the current study’s hypotheses, while others were not. First, as 

hypothesized, boys were more likely to be identified for the RD group than were girls. This is 

consistent with previous research that suggests that boys are more likely than girls to be referred 

for special education services (Anderson, 1997; Hibel, Farkas, & Morgan, 2010). Accordingly, in 

the current sample, given that both groups of children were struggling in reading, it is likely that 

other factors, such as externalizing behavioral problems, led boys in the RD group to be 

identified to receive special education services more often than girls. It is also possible that boys 

in the RD group had more severe reading problems than boys in the LRA group, especially at 

younger ages, given that girls have been found to develop reading skills more quickly than boys 

(Scheiber, Reynolds, Hajovsky, & Kaufman, 2015; Wolf & Gow, 1986).  

Second, regarding both SES and race/ethnicity, the results indicated that children with 

lower SES were more likely to be identified for the LRA group, and racially/ethnically diverse 

students (i.e., African American, Hispanic, Asian, Other), as compared to White students, were 
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more likely to be identified for the LRA group, which did not support this study’s hypotheses. 

These results are also in line with the sample descriptive statistics that demonstrated that the 

LRA group was more racially/ethnically diverse with a lower SES than the RD group.  

In support of these findings, researchers have found that racially/ethnically diverse and 

economically disadvantaged groups are in fact under-represented in special education, rather 

than over-represented, which is generally thought to be the case. Previous findings of over-

representation of racially/ethnically diverse students in special education may have resulted from 

methodological limitations, specifically in regard to sampling procedures. That is, when over-

representation is found, schools included in the study often have majority White student 

populations, so identifying a small number of ethnically/racially diverse students for special 

education services makes it appear like over-representation relative to the school’s population.  

In accordance with racially/ethnically diverse under-representation in special education, 

Hibel et al. (2010) demonstrated that within the ECLS-K sample, racially/ethnically diverse 

students were equally or less likely than White students to be placed into special education, and 

this finding held true when schools had a higher proportion of racially/ethnically diverse 

students. That is, schools with high enrollments of racially/ethnically diverse students were less 

likely to place students into special education. According to Hibel et al. (2010), one possible 

reason that racially/ethnically diverse students are less likely to be identified for special 

education is because they may more frequently attend disadvantaged schools with limited 

resources. Likewise, students who attend more disadvantaged schools may be less likely to stand 

out amongst similarly low-performing peers, which has been termed the frog-pond effect (Hibel 

et al., 2010). Therefore, in contrast to a significant amount of research that suggests that 

racially/ethnically diverse students are disproportionately over-represented in special education, 
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the current study may be better aligned with research that suggests that racially/ethnically diverse 

students may be equally- or under-represented in special education at the national level. Please 

note, however, that although racially/ethnically diverse children were more likely to be in the 

LRA group in this study, not all of the students in this group were from racially/ethnically 

diverse backgrounds. Therefore, the current study did not have specific data to support the idea 

of the frog-pond effect, and the results of this logistic regression should not be over-generalized. 

With further respect to SES, Hibel et al. (2010) also found that SES did not significantly 

predict special education identification, which contrasts with previous research that has shown 

that those with lower SES are more likely to be placed into special education (Blair & Scott, 

2002). In addition, Siegel and Himmel (1998) found that children with higher SES were more 

likely to be diagnosed with RD, as a result of the relationship between IQ and SES, not as a 

result of a relationship between reading ability and SES. The authors suggest that children from 

lower SES backgrounds are less likely to be exposed to the same enriched environments that 

leads to higher IQ scores for those from higher SES backgrounds, and, therefore, those with RD 

from higher SES backgrounds may exhibit a greater discrepancy between their IQ and reading 

scores, leading to a diagnosis of RD and special education placement (Siegel & Himmel, 1998). 

In the current sample, because it is likely that a discrepancy model was used to identify students 

to receive special education services, those with higher SES may be included in the RD group 

due to a greater discrepancy between IQ and achievement. It is also possible that higher SES was 

predictive of RD group membership as a consequence of more advantaged and educated parents 

who were more involved in their child’s schooling and advocated for a special education 

evaluation when they noticed that their child was struggling in reading (Barnard, 2004; Englund, 

Luckner, Whaley, & Egeland, 2004; Mann, McCartney, & Park, 2007) as well as that 
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economically disadvantaged parents may have had less resources to support their child’s learning 

and reading development outside of school (Davis-Kean, 2005). Furthermore, based on the 

results of Hibel et al.’s (2010) study, children attending disadvantaged schools with limited 

resources may not receive special education services due to a combination of both limited 

resources and the frog pond effect. Hence, in the present sample, children with lower SES were 

more likely to not receive special education services perhaps as a result of less discrepant IQ and 

achievement scores as well as limited parental and school resources; however, the current study 

did not have specific data to support this hypothesis, so caution must be taken when thinking 

about these findings. 

Third, contrary to this study’s hypothesis, the results of the logistic regression revealed 

that older children at kindergarten entry were more likely to be identified for the RD group than 

for the LRA group. This finding conflicts with Siegel and Himmel’s (1998) study that found that 

children diagnosed with RD were younger than those who were identified as having LRA. One 

possible explanation for the conflicting findings is that the Siegel and Himmel (1998) did not 

specifically look at age at kindergarten entry, whereas the current study relied only on children’s 

age at the fall of kindergarten. Another possible explanation for the conflicting findings is that 

children who entered kindergarten at older ages displayed more severe early 

learning/developmental concerns, and therefore, were more likely to be identified for special 

education services later in their schooling. It should be noted, however, that the RD and LRA 

groups’ mean ages at kindergarten entry only differed in age by approximately two months, so 

although older children were statistically more likely to be identified for the RD group, perhaps 

there is not much clinical significance to this finding.  
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Growth Trajectory of the Full Sample 

 An unconditional latent basis model was the most appropriate and best fitting model for 

the data of the full sample. According to Bast and Reitsma (1998), a linear model of reading 

development does not take the reciprocal relationships between reading growth and other 

developmental processes into account (e.g., cognitive skills, behavioral changes), which also do 

not grow linearly. A linear model also assumes that the same reading processes that are 

important for early reading development (e.g., phonological awareness) remain important over 

time (Bast & Reistma, 1998). In other words, a linear model of reading development assumes 

that initial differences in reading achievement and subsequent reading growth do not change with 

development over time. Bast and Reistma (1997, 1998) also point out that growth models that 

incorporate the autoregressions of variables are useful in examining reading development over 

time. The current study did not use an autoregessive model, but the final unconditional model 

that achieved the best fit included the residual covariances/regressions of the reading 

achievement outcome variables, which are, in fact, autoregressive disturbances, or residuals. The 

autoregressive residuals, referred to as residual covariances/regressions throughout this 

manuscript, indicate that the observations at Time 2 depend on the observations at Time 1, and 

the observations at Time 3 depend on the observations at Time 2, and so on (Bast & Reistma, 

1998). Using autoregressions does not mean that the measurements at each time point were 

unreliable (i.e., IRT scale scores); rather, there were influences that systematically changed one’s 

reading skills between each time point that were not captured within the model itself (Bast & 

Reistma, 1998). Thus, the final unconditional latent basis model with residual 

covariances/regressions (i.e., autoregressive residuals) in the current study has been supported in 

previous literature. 
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 Given that a latent basis model was used, it is important to discuss the basis coefficients 

and the pattern of reading growth over time. This basis coefficients of this model indicated that 

only 8% of reading growth occurred between the fall of kindergarten and the spring of first 

grade. The majority of growth (51%) in reading achievement occurred between the spring of first 

grade and the spring of third grade. Less growth, although still significant growth, occurred 

between the spring of third grade and the spring of fifth grade (28%), and even less growth, but 

also still significant occurred between the spring of fifth grade and the spring of eighth grade 

(13%). Accordingly, the greatest growth in reading achievement for this sample of poor readers 

occurred between the spring of first grade and the spring of third grade followed by slower 

growth from third to eighth grade. 

 These findings are relatively consistent with other research that suggests that the greatest 

growth in reading achievement occurs during the early elementary school grades and declines in 

later grades (Bloom, Hill, Black, & Lipsey, 2008; Cameron, Grimm, Steele, Castro-Schilo, & 

Grissmer., 2015; Hill, Bloom, Black, & Lipsey, 2007; Lee, 2010; Scammacca, Fall, & Roberts, 

2015; Seltzer, Frank, & Bryk, 1994; Skibbe et al., 2008). For instance, Bloom et al. (2008) found 

that the mean effect size across seven standardized reading tests decreased from 1.52 for the 

difference between the spring of kindergarten and the spring of first grade, to 0.36 for the spring 

of third grade to the spring of fourth grade, and then to 0.19 for the spring of ninth grade to the 

spring of tenth grade. This decelerating growth pattern of reading achievement has been found 

across studies that examine multiple areas of reading development (e.g., decoding and 

comprehension; Bloom et al., 2008; Hill et al., 2007; Lee, 2010; Scammacca, Fall, & Roberts., 

2015) as well as studies that focus on only one domain of reading development (e.g., 

comprehension; Seltzer et al., 1994). Furthermore, some of these studies utilized latent growth 
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modeling to examine the reading growth trajectories (Cameron et al., 2015; Skibbe et al., 2008), 

while other studies measured growth by looking at effect sizes (Bloom et al., 2008; Hill et al., 

2007; Scammacca et al., 2015). Across the different methodologies of these studies, results 

support a pattern of accelerated reading growth in early grades and decelerating reading growth 

in later grades.  

 Some researchers attribute this pattern of growth to a reduced capacity for acquiring new 

skills and knowledge as children age as well as the increased difficulty of academic demands and 

expectations in later grades (Lee, 2010). It may also be possible that as children age and enter 

middle school, reading instruction, including comprehension instructions becomes less of a 

focus, because students are expected to have the skills to read and comprehend the material. 

Consequently, in combination, reduced capacities for acquiring new knowledge, increasing 

school demands, and changing instruction support an increasing pattern of reading growth in 

early school grades followed by deceleration in growth as children get older. 

 However, it is also important to point out that this study did not measure the same 

reading skills over time, such that the early assessment time points were evaluated using 

phonological awareness and decoding skills, whereas the later assessment time points were based 

on more advanced reading skills, such as comprehension and critical thinking. Therefore, the 

deceleration observed in the current study may reflect a lack of skill growth specifically related 

to reading comprehension and higher-order reading skills (e.g., critical analysis), not just a lack 

of progress in early reading skills, such as phonological awareness and decoding. Although 

reading instruction becomes less of a focus, expectations increase, and new knowledge may be 

harder to acquire in later school grades for all children, some children with reading problems are 

likely provided with accommodations (e.g., read aloud, speech to text) in the classroom that 



	

	 217 

allowed them to still access more advanced content despite poor decoding and continue to 

progress in their reading comprehension and critical thinking skills. That is, when 

accommodations are provided to children struggling with learning to read, some of the 

deceleration that tends to occur in the general population of students may be prevented.  

Although the current study found generally similar results to previous studies regarding 

the pattern of reading growth (i.e., increasing pattern in early school grades, followed by 

deceleration in later grades), there is an important nuance to point out. In the present study, the 

majority of reading growth (51%) occurred between the spring of first grade and the spring of 

third grade, while minimal growth occurred during kindergarten (8%). However, previous 

research has found that a significant amount of growth occurs before and during kindergarten, 

and growth slows from thereafter (Hill et al., 2007; Skibbe et al., 2008). These studies that have 

found significant growth before and during kindergarten did not specifically examine the reading 

growth of children with RD and LRA reading achievement. Hill et al. (2007) studied the reading 

growth in national norming samples of six standardized reading tests, which likely included 

children with RD and LRA, but they were not the majority or focus of the sample. Likewise, 

Skibbe et al. (2008) examined the reading growth trajectories of children with language delays, 

and although language impairments are highly comorbid with RD, not all children with language 

impairments have reading problems. Thus, it is possible that the reading growth trajectories of 

children with RD and LRA are slightly different than those of the general population or those 

with language delays. 

Accordingly, Scammacca et al. (2015) investigated reading growth using national 

norming samples and were specifically interested in the reading growth (i.e., effect sizes) of 

those whose scores fell below the 25th and 10th percentiles. Children who scored below the 25th 



	

	 218 

and 10th percentiles had an average effect sizes of 1.23 and 1.09 for reading growth from 

kindergarten to first grade, respectively, whereas those who scored above the 50th percentile had 

an average effect size of 1.42 from kindergarten to first grade (Scammacca et al., 2015). As such, 

it appears that those with scores in the lower performing groups made less growth from 

kindergarten to first grade than those in the typically performing group, which may support the 

findings of the current study where students with reading problems did not make as much growth 

from the fall of kindergarten to the end of first grade as other researchers have reported.  

Furthermore, Scammacca et al. (2015) found that for those who scored above the 50th 

percentile, a clear pattern of deceleration after kindergarten emerged, such that from kindergarten 

to first grade the effect size was 1.03, which ultimately dropped to 0.21 from seventh to eighth 

grade and to 0.11 from tenth to eleventh grade. For those below the 25th and 10th percentiles, a 

slightly different pattern emerged. In contrast to a steep pattern of deceleration, the reading 

growth of those who scored below the 25th and 10th percentiles did not decelerate as quickly 

(Scammacca et al., 2015). For example, between first and second grade, those who scored below 

the 10th percentile made just as much progress as they did from kindergarten to first grade (i.e., 

first to second grade: d = 1.10; kindergarten to first grade: d = 1.09), and those who scored below 

the 25th percentile did not seem to decelerate as much from first to second grade as did those who 

scored above the 50th percentile (i.e., 25th percentile: d = 1.10; 50th percentile: d = 1.03; 

Scammacca et al., 2015). In addition, the effect sizes for children in the 25th and 10th percentile 

groups (i.e., 25th percentile: d = 0.66; 10th percentile: d = 0.74) were greater than the effect sizes 

for the children in the 50th percentile group from second to third grade (i.e., d = 0.56; Scammacca 

et al., 2015). Whether these differences in effect sizes were statistically significant is unknown. 

Nonetheless, it is possible that the current sample of children with RD and LRA have slightly 
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different reading growth patterns than average readers, such that they experience the greatest 

growth in reading skills between the end of first grade and the end of third grade, followed by a 

deceleration in growth from the end of third grade through the end of eighth grade. 

 The results of the current study are also relatively consistent with those found by 

Cameron et al. (2015) who studied the reading growth trajectories using advanced non-linear, S-

shaped growth models (e.g., Gompertz curve) in two different national datasets (i.e., ECLS-K, 

Longitudinal Survey of Youth – Children and Young Adults [NLSY-CYA]). Using non-linear 

models such as the Gompertz curve to model reading achievement data is based on the 

assumption that reading growth “is expected to follow an S-shaped curve, with an initial gradual 

effortful process of basic skill acquisition, followed by rapid improvement in fluency and 

comprehension as phonics and sight word recognition become automatized. After this point, less 

rapid improvement, or a leveling-off phase ensues, where a host of other factors beyond 

decoding begin to contribute to children’s expanding literacy repertoires” (Cameron et al., 2015, 

p. 791). An S-shaped model allows for the examination of total change, rate of change, and 

timing of change, or when children experience the fastest growth and greatest deceleration in 

growth. Results of Cameron et al.’s (2015) study indicated that in the ECLS-K dataset, children 

experienced 37% of their total growth by the middle of first grade and were experiencing the 

greatest growth at this time. In the NLSY-CYA dataset, children experienced 37% of their total 

growth by the middle of second grade and were experiencing the greatest growth at this time 

(Cameron et al., 2015). 

 Visual analysis of the predicted unconditional latent basis model (see Figure 4) seem to 

suggest a naturally-occurring S-shaped model, in which students experienced the greatest growth 

in reading skills between the end of first grade and the end of third grade. These results, 
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therefore, are relatively consistent with those of Cameron et al. (2015), and suggest that as 

children are “learning to read” (i.e., decoding, fluency, and comprehension), they experience the 

greatest growth in their reading skills, but when the focus shifts to “reading to learn” (Chall, 

1983), growth in reading skills slows down.  

 Still, it is important to consider why children with RD and LRA only experienced 8% of 

growth in reading achievement from the fall of kindergarten to the spring of first grade, when 

other studies have found the greatest growth in reading before (e.g., 54 months of age) and 

during kindergarten (Hill et al., 2007; Skibbe et al., 2008). First, as described above, both of 

these studies did not specifically study students with RD and LRA. Second, Hill et al. (2007) did 

not utilize latent growth modeling; rather, they only developed effect sizes from standardized 

reading tests. As such, IRT scale scores, which are the most appropriate way to measure change 

over time (Seltzer et al., 1994), were not utilized. Third, differences in the time periods studied 

both in the current study and in Hill et al. (2007) and Skibbe et al.’s (2008) studies may have 

influenced the discrepant findings. In the current study, children’s reading achievement prior to 

kindergarten grade was not examined. However, Skibbe et al. (2008) studied reading 

achievement beginning at 54 months of age, and then measured reading achievement again in the 

first, third, and fifth grades. Perhaps, the time between 54 months of age and kindergarten is a 

crucial time period to consider in reading development, and had this time period been included in 

the current study, maybe the growth pattern would have looked different in the early school 

years. Similarly, Skibbe et al. (2008) did not examine reading growth past fifth grade, and 

because latent growth models fix the first and last time points to zero and one, respectively, it is 

possible that reading growth would have been distributed differently if their time frame was 

extended. Finally, Hill et al. (2007) and Skibbe et al. (2008) did not explicitly consider the ways 
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in which individual differences and other important variables (e.g., gender, SES, race/ethnicity, 

age) influence reading growth trajectories over time. 

Lastly, the graphical representations of individual differences in the unconditional model 

(i.e., spaghetti plots) revealed great individual variation in the reading achievement scores by the 

eighth-grade time point (see Figure 5). Previous research indicates that individual differences in 

reading achievement increase as children get older (Bast & Reistma, 1997, 1998; WIliamson, 

Applebaum, & Epanchin, 1991). This is supported in the current study, such that there was 

relatively less individual variation in reading achievement, although still significant, at the start 

of kindergarten, and this individual variation increased, or spread out over time, which is called a 

fan-spread effect (Bast & Reitsma, 1997, 1998; Aarnouste & Van Leeuwe, 2000). In support of 

this fan-spread effect, previous research has found evidence of a Matthew effect (Bast & 

Reistma, 1998; McKinney & Feagan, 1984; McNamara et al., 2011), which is a model originally 

proposed by Stanovich (1986) to explain individual differences in reading development over 

time. Based on the Matthew effect model, while individual variation increases over time, rank 

ordering of individuals are relatively stable, such that those with the poorest initial reading 

achievement make the least gains and maintain their positon at the bottom of the fan, whereas 

those with the highest initial reading achievement make the most gains and represent the higher 

positons in the fan (Bast & Reistma, 1998). Although there appears to be evidence of a fan-

spread effect in the current sample, there does not appear to be true evidence of a Matthew 

effect, specifically regarding rank order stability. In other words, because the correlation and 

covariance between the initial level and slope were not statistically significant, there is neither 

evidence that those with the highest initial reading achievement maintained their position and 

ended up with the highest eighth-grade reading achievement nor that those with the lowest initial 
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reading achievement maintained their position and ended up with the lowest eighth-grade 

reading achievement. A significant and positive correlation and covariance between the initial 

level and slope would have supported a Matthew effect in the current study. 

Similarly, as a result of the non-significant initial level and slope correlation and 

covariance, the results of the unconditional model for the full sample also do not support the 

compensatory trajectory theory of reading development, which is the idea that children with 

initial lower reading achievement progress at a fast rate than those with higher initial reading 

achievement (Aarnoutse et al., 2001; Aunola et al., 2002; Parrila et al., 2005; Phillips et al., 

2002; Scarborough, 2003). A significant and negative correlation and covariance between the 

initial level and slope would have supported the compensatory trajectory theory of reading 

development. Accordingly, within this sample of poor readers, which included both identified 

children with RD and non-identified children with LRA, there is limited evidence to suggest that 

a specific relationship exists between initial levels of reading achievement and growth over time. 

Nonetheless, it is important to point out that a group of typically developing, or average 

readers, was not included in the current sample. Given that the current sample comprises only 

poor readers, drawing conclusions about a Matthew effect and a compensatory trajectory is not 

that meaningful. Consideration of a Matthew effect and compensatory trajectory in the current 

sample is asking whether those with the poorest of the poor reading skills fall further behind than 

or catch up to their peers who also have poor reading skills, which may seem like a rather 

circuitous exploration. It should also be noted that some researchers argue that the analysis of 

Matthew effects and the interpretability of results are generally questionable due to psychometric 

and scaling issues related to the measurement of achievement (Protopapas et al., 2016). Still, 

attempting to answer such questions related to a Matthew effect and the compensatory trajectory 
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would have been more appropriate had a group of average, non-impaired readers been included 

in the sample. Nevertheless, comparisons of the patterns of growth between the RD and LRA 

groups are still necessary to consider and will be further discussed below. Before discussing the 

multiple group LGMs, however, other variables aside from reading achievement itself that may 

have accounted for the individual differences in reading achievement at the start of kindergarten, 

over time, and at the end of eighth grade must be examined. 

Covariates and Growth Trajectory in the Full Sample 

 To examine the influence of important demographic variables on initial reading 

achievement, growth over time, and eighth grade outcomes, gender, race/ethnicity, SES, and age 

were included as covariates in the unweighted conditional model. The sections below will 

discuss the results and the significance of each of the covariates. 

Gender 

In the current sample of children with RD and LRA, the results of the unweighted 

conditional model indicated that girls had significantly higher reading achievement in the fall of 

kindergarten as well as at the end of eighth grade. However, there were no differences between 

boys and girls in terms of total growth, or the shape of reading growth, from kindergarten 

through eighth grade. In other words, girls had an initial advantage in reading development at the 

start of kindergarten and maintained this initial advantage over time. Boys in the sample 

experienced similar reading growth compared with girls, but did not experience enough growth 

to help them to catch up to the girls by the spring of eighth grade. 

 The finding that girls have initially higher reading achievement in the fall of kindergarten 

is consistent with research that has shown that girls develop reading skills more quickly than 

boys (Morgan et al., 2008b; Scheiber et al., 2015; Wolf & Gow, 1986). Furthermore, there is 
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evidence to suggest that girls continue to maintain their advantage in reading in fourth and eighth 

grades (NCES, 2016; Scheiber et al., 2015). It should be noted that some researchers propose 

that girls may be more likely than boys to experience late-emerging RD and/or reading 

comprehension deficits (Adolf et al., 2010). If these girls experienced reading problems after 

fifth grade (i.e., either RD identification or LRA), then they were not included in the current 

sample. Consequently, while the findings related to gender and reading achievement in the 

current study are generally consistent with previous research, one must consider the way in 

which the sample was defined and reading achievement was measured in the current study.  

Race/Ethnicity 

Results of the unweighted conditional model revealed several important findings 

regarding the relationship between race/ethnicity and reading achievement. First, Hispanic, 

Asian, and other racially/ethnically diverse children were found to have significantly lower 

reading achievement scores at the fall of kindergarten compared to White children, whereas 

African American children’s reading achievement was not found to significantly differ from 

White children in the fall of kindergarten. Other researchers who examined achievement growth 

trajectories within the entire ECLS-K sample found similar results, except that Asian children 

had significantly higher initial reading scores (McCoach et al., 2006; Morgan et al., 2008b). 

Second, African American and other racially/ethnically diverse children had significantly less 

total growth in their reading achievement compared to White children; however, Hispanic and 

Asian children did not significantly differ from White children in total growth. These results are 

partially supported by Morgan et al.’s (2008) study, which found that all of the racially/ethnically 

diverse groups had slower reading achievement growth compared to White children. Third, in 

the spring of eighth grade, African American, Hispanic, and other racially/ethnically diverse 
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children performed significantly lower than White children on the reading assessment, and there 

were no differences between the reading achievement scores of White children and Asian 

children in the spring of eighth grade. 

 Generally, there is evidence to suggest that African American, Hispanic, and American 

Indian/Alaska Native children have significantly lower academic achievement than White 

children throughout elementary and middle school, whereas Asian children tend to have higher 

academic achievement than White children throughout elementary and middle school (McCoach 

et al., 2006; Morgan et al., 2008b; NCES, 2016). Notably, in the current study, and also 

consistent with McCoach et al. (2006) and Morgan et al.’s (2008b) study, with SES controlled, 

African American children and White children did not differ in their reading skills in the fall of 

kindergarten. Thus, why African American and White children did not differ in the fall of 

kindergarten may have resulted from similar effects of early reading experiences (e.g., preschool, 

home literacy environment) on their kindergarten reading skills that did not become 

differentiated until receiving formal reading instruction in elementary school. It may also be that 

SES accounts for much of the variance in the differences between the reading skills of African 

American and White children in the fall of kindergarten, such that once SES is controlled, any 

significant differences between these two groups disappear. Further discussion about the 

relationship between SES and reading achievement follows in a below section. 

 In the current sample, both Hispanic and Asian students, however, had significantly 

lower reading achievement in the fall of kindergarten compared to White students. Lower 

reading achievement in these two groups, especially considering they are poor readers, may have 

resulted from being bilingual, being an English language learner (ELL), or having limited 

English proficiency. Research suggests that children who are learning two languages or are 
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bilingual tend to have slower language development than monolingual children (Hoff & Core, 

2015). Accordingly, language-related factors may account for a significant amount of the 

variation in Hispanic and Asian children’s reading skills in the fall of kindergarten, especially 

because neither the spoken language nor language ability were included in the current study as 

covariates. 

 Even though Asian and Hispanic children had lower initial reading skill levels, they 

demonstrated similar reading growth compared to White children over time. For Hispanic 

children, their similar growth, albeit lower eighth-grade reading outcomes, may have resulted 

from a complex relationship between ELL-status and reading instruction. Hispanic children may 

be less likely to receive reading instruction prior to kindergarten, such as in preschool settings 

(Ansari, 2017), so once they entered formalized schooling, they may have experienced 

significant language and reading growth. However, because many Hispanic students may have 

attended disadvantaged and segregated schools with limited resources (Hibel et al., 2010), 

though they had similar growth compared to White students, they never actually caught up to 

them by the end of eighth grade.  

Asian children not only demonstrated similar growth but also had similar eighth-grade 

outcomes compared to White children, which may be explained in a few ways. First, research 

suggests that as a group, Asian children tend to have higher academic performance than White 

children, and there tends to be high value placed on education and achievement within many 

Asian cultures (e.g. Goyette & Xie, 1999). Second, combined with the high value placed on 

achievement, Asian parents may be more likely to attempt interventions aimed at improving their 

child’s reading skills, which may result in increased reading growth (Hibel et al., 2010). Third, 

Asian children in the current sample may attend schools within relatively higher levels of 
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academic achievement, more resources, and an overall higher SES, which may foster greater 

reading growth. Likely, it is a combination of these explanations that led to greater reading 

growth and better eighth grade reading outcomes for Asian children in the current study. 

 In contrast to Asian and Hispanic students, both African American and other 

racially/ethnically diverse children made less progress in reading development over time and had 

lower eighth grade reading outcomes compared to White children. Although individual SES was 

controlled in the current study, school SES was not controlled. Taking a bioecological 

perspective (Bronfenbrenner & Ceci, 1994; Bronfenbrenner & Morris, 1998; Bronfenbrenner & 

Morris, 2006), one must consider not only the child’s cognitive and reading skills but also 

environmental factors from multiple levels that may explain such findings. At broader, 

macrosystemic and exosystemic levels, one must consider factors such as institutional racism 

and policies that discriminate against those from racially/ethnically diverse groups (e.g., 

segregated housing, segregated schools, legal system). Racism and discriminatory practices also 

extend down from the broader macrosystem to the mesosystem and microsystem. For example, 

at the mesosystemic level, a child’s school who does not use culturally sensitive practices and 

materials to communicate with parents may prevent the formation of strong home-school 

relationships, which in turn can influence academic achievement as well as high school dropout 

and completion rates (Barnard, 2004). At the microsystemic level, teacher and instructional 

quality tend to be weaker in disadvantaged and segregated schools, and some teachers may hold 

lower expectations or perceptions of academic potential for racially/ethnically diverse children, 

which also influences academic achievement (Kreisman, 2012). When racially/ethnically diverse 

children are faced with discrimination, racism, and less effective instructional and classroom 

practices that directly influence their school performance, one can see why African American 
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and other racially/ethnically diverse children may make less academic growth over time and 

never catch up to their White peers. 

Socioeconomic Status (SES) 

Not surprisingly, results of the unweighted conditional model showed that children with 

lower SES had significantly lower initial reading achievement scores, made significantly less 

gains over time, and had significantly lower reading achievement scores at the end of eighth 

grade. These findings are supported by Morgan et al. (2008b) and McCoach et al. (2006) who 

also found that SES was positively related to initial reading status and rate of growth over time. 

Generally, research supports the relationship between SES and reading achievement, such that 

both income and parental education are important predictors of children’s reading skills (Smith, 

Brooks-Gunn, & Klebanov, 1997) and early measures of SES predict children’s later reading 

scores throughout their education (Jimerson, Egeland, & Teo, 1999; Molfese et al., 2003). 

Furthermore, children from economically disadvantaged homes acquire oral language skills more 

slowly, exhibit delayed letter recognition and phonological sensitivity, and are at risk for reading 

difficulties (Hoff, 2013; Whitehurst & Lonigan, 1998), and reading outcomes have been found to 

be significantly related to certain factors of family context, such as home-literacy environment, 

number of books owned, parental distress, and receipt of center-based care (Aikens & Barbarin, 

2008). Accordingly, in the current study children with from lower SES backgrounds had reduced 

initial reading scores and made less growth in reading skills over time. 

 In addition to individual SES factors, school and classroom level SES-related factors may 

also influence students’ reading achievement. One study found that students’ classrooms (e.g., 

race/ethnic composition, free/reduced-lunch eligibility, teacher experience) contributed to 

approximately 60% of the reliable variance in students’ reading growth in a given year (Rowan, 
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Correnti, & Miller, 2002). Thus, school and classroom related variables may play a crucial role 

in students’ reading achievement. More specifically, school SES, which is usually measured by 

the percentage of students who are eligible for free/reduced-lunch prices at a school (Sirin, 

2005), influences students’ reading achievement. Students who attend schools with lower school 

SES are more likely to face barriers and challenges that affect their learning environments at 

both the societal and school levels. That is, coming from a bioecological perspective 

(Bronfenbrenner & Ceci, 1994; Bronfenbrenner & Morris, 1998; Bronfenbrenner & Morris, 

2006), it is crucial to consider environmental and contextual factors that are related to SES, such 

as school culture, classroom management, instructional practices, and school resources, that 

influence students’ academic achievement. For example, Wenglinesky (1998) found that lower-

SES schools had poorer instructional practices, limited materials, teachers with less experience, 

and higher student-teacher ratios. Other researchers suggest that modifiable school 

characteristics (e.g., resources, instructional practices), peer effects, and schools’ responses to the 

student composition (e.g., lowering expectations for students from low SES backgrounds) are the 

three school-related mechanisms that influence student achievement (Rumberger & Palardy, 

2005). Even broader, the location of the school has been found to influence the amount of 

resources available per students, and such available resources then in turn influence students’ 

academic achievement (Unnever et al., 2000). Consequently, the effects of SES on students’ 

reading achievement are important to consider at not only the individual level but also the school 

and neighborhood levels, as both may influence students’ initial levels of reading achievement 

and progression of reading development over time. 

Age  

In the present study, results of the unweighted conditional model indicated that older 
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children had significantly higher scores in the fall of kindergarten, but then older children made 

significantly less progress in their reading achievement over time. By the end of eighth grade, 

age did not significantly predict reading achievement scores. These findings are consistent with 

other research that suggests that older children enter kindergarten with higher reading scores, yet 

their advantage tends to disappear by the end of elementary school (McCoach et al., 2006; Stipek 

& Byler, 2001). Wu, Morgan & Farkas (2014) also found that older children had initially higher 

reading achievement over kindergarten, but they had slower growth over time. Similarly, in the 

current study, older children not only lost their advantage over time but also made significantly 

less growth in reading skill over time. It is not entirely clear as to why the older children made 

less progress than younger children, but possible explanations include differences at the school 

and instructional levels as well as that those who entered kindergarten at later ages had more 

impairing reading problems, developmental delays, and/or lower IQs. Regardless of why older 

children made less growth over time, there were no significant differences between older and 

younger students’ reading achievement by the end of the eighth grade, as suggested by other 

research (Stipek & Byler, 2001).  

Group Comparison of Initial Level of Reading Achievement 

 The first important finding from the unweighted multiple group LGM is that the RD and 

LRA groups did not differ in terms of their initial reading achievement scores at the fall of 

kindergarten. In other words, the two groups, both defined by reading problems, had similar 

reading skills at the start of kindergarten before being identified as either in need of special 

education services or having poor reading achievement. Based on the literature review, this was 

the first study to utilize the fall of kindergarten as the initial measurement, or intercept. 

Nonetheless, the two longitudinal studies that examined differences in the reading achievement 
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between children with RD and children with LRA using slightly later initial levels also found no 

differences between the two groups reading achievement. Francis et al. (1996) used age eight as 

the initial level, and O’Malley et al. (2002) used the beginning of first grade as the initial level. It 

is difficult to tell whether the two groups in the current study would still have had similar levels 

of initial reading achievement if a different intercept (e.g., age eight, first grade) had been used. 

Looking at Figure 6, it appears that the two groups diverged slightly in their reading achievement 

by the spring of first grade, and by third grade had dissimilar patterns of reading achievement. 

Still, Francis et al. (1996) and O’Malley et al. (2002) did not define their groups using special 

education eligibility, which in the current study, may have contributed to the diverging patterns 

before third grade. 

 Nonetheless, it is not surprising that the two groups appeared similar in terms of reading 

achievement at the beginning of kindergarten. First, Shaywitz et al. (1992a) demonstrated that 

reading achievement exists on a normal curve, or a continuum, such that those with RD are not a 

distinct group; rather, reading problems vary in severity, and those with the greatest reading 

difficulties fall on one end of the continuum. Thus, in the present sample of children who all 

displayed some form of reading problems between first and fifth grade, it makes sense that the 

two groups would have had similar levels of reading achievement right before receiving 

formalized reading instruction or intervention in elementary school, especially with gender, 

race/ethnicity, SES, and age controlled. Moreover, although students in the RD group may have 

gone on to develop significant discrepancies between their achievement and IQ or did not 

respond to intervention, there is nothing that would suggest that the RD and LRA groups would 

have had qualitatively different early reading achievement, based on the research that suggests 
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that deficits in phonological awareness are the foundation for most early reading problems 

(Stanovich, 1985, 1988; Stuebing et al., 2002).  

Further, research suggests that differences in academic achievement in kindergarten may 

be related to differences in children’s early literacy experiences. Previous research suggests that 

children with higher quality preschool experiences and more enriching home-literacy 

environments have higher achievement in early elementary school grades (Pianta & McCoy, 

1997; Snow et al., 1998); however, it possible that given the lower SES and racially/ethnically 

diverse sample in the current study, children in both the RD and LRA groups had relatively 

similar early literacy experiences, which in turn affected their reading development by the fall of 

kindergarten in similar ways. It is also possible that because SES was controlled in the multiple 

group LGM, individual and group differences in reading achievement that would have resulted 

from differences in SES and early literacy experiences (e.g., preschool) were accounted for 

within the model. It should also be noted that in a sample that was similar to the current sample 

in terms of racial/ethnic composition, in which SES, race/ethnicity, gender, age, and other 

variables were controlled, Wu et al. (2014) found that a group of students with the lowest reading 

and math achievement from kindergarten through fifth grade did not significantly differ from a 

group students with typical reading and math growth at the start of kindergarten in terms of 

reading achievement, although the low achievement group fell behind over time. Accordingly, it 

may not only be that children with RD and LRA display similar levels of reading achievement in 

the fall of kindergarten but also that children in general tend to display similar levels of reading 

achievement in kindergarten when important variables are considered (e.g., SES, race/ethnicity, 

gender, age, approaches to learning, school type). 
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Sensitivity Analyses 

Notably, the results of the sensitivity analyses for the initial level group comparison were 

similar to the results using the original groups. That is, defining the LRA group using a third-

grade only reading achievement score below the 25th percentile, a RD group that included those 

identified for special education services in kindergarten, a RD group that excluded children 

identified for special education services in fifth grade, and a RD group that excluded children 

identified for special education services in fourth and fifth grade did not alter the results. 

Accordingly, regardless of how the groups were defined, the results consistently indicated no 

differences between the RD and LRA groups’ reading achievement at the beginning of 

kindergarten, which is also fitting with the results of Wu et al.’s (2014) who did not find 

differences between typical readers and children with reading problems in the fall of 

kindergarten. 

Group Comparison of Shape, or Pattern of Reading Achievement 

 The second important finding from the unweighted multiple group LGM revealed 

significant differences between the two groups’ patterns of reading achievement growth over 

time. The two groups had relatively similar growth from the fall of kindergarten to the spring of 

first grade (i.e., approximately 10% of growth). However, the patterns of reading achievement 

diverged from the spring of third grade onwards. The RD group experienced 27% of growth 

between the spring of first grade and the spring of third grade, 19% of growth between the spring 

of third grade and the spring of fifth grade, and 42% of growth between the spring of fifth grade 

and the spring of eighth grade. On the other hand, the LRA group experienced growth greater 

than 100% between the spring of first grade and the spring of fifth grade, before going back 

down at the final eighth-grade time point. For the LRA group, growth from the spring of third 
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grade to the spring of fifth grade was not as steep as the growth from the spring of first grade to 

the spring of third grade. Importantly, while the LRA group experienced deceleration in their 

reading achievement between fifth and eighth grade, the RD group experienced acceleration in 

their reading development from fifth to eighth grade. In sum, the RD group experienced 

acceleration in their reading scores until the spring of third grade, then a slight deceleration from 

the spring of third grade to the spring of fifth, and then a more rapid acceleration from the spring 

of fifth grade to the spring of eighth grade; the LRA group experienced gradual acceleration in 

their reading achievement until the spring of first grade, and then steep acceleration from the 

spring of first grade to the spring of fifth grade, and then deceleration from the spring of fifth 

grade to the spring of eighth grade. 

 Previous research that examined the longitudinal differences in the reading achievement 

between those with RD and those with LRA did not find group differences in the slopes, or rates 

of change over time (Francis et al., 1996; O’Malley et al., 2002). These studies, however, did not 

utilize a latent basis model to examine the patterns of reading development over time, and these 

studies did not consider whether students in their samples were receiving special education 

services. Had Francis et al. (1996) and O’Malley et al. (2002) utilized a similar statistical 

modeling approach and taken special eligibility identification into consideration, their results 

may have turned out differently. Thus, this study extends the literature by looking more deeply at 

patterns of reading growth over time using a non-linear model, not just the rate of change over 

time in a linear or quadratic model. 

Consideration of Reading Processes and Sub-Processes 

As a result of the groups’ differing patterns, one must consider potential reasons for why 

the differences exist. One possible explanation is that because different reading-related skills 
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were assessed at each time point, the groups experienced growth in different reading-related 

processes at different points in time. Although IRT scale scores allow for the comparison of 

change over time even when the items on the test change at each measurement point, IRT scale 

scores do not permit for the analysis of which specific reading processes (e.g., decoding vs. 

fluency vs. comprehension) and sub-processes (e.g., phonological awareness vs. listening 

comprehension) were developing over time. Consequently, given the way the groups were 

defined in the current study, both the RD and LRA groups included students with different types 

of reading deficits, not only deficits in phonological awareness. Therefore, the combination of 

diverse reading deficits, the reading processes measured, and the developmental time points at 

which measurement occurred may have led to differential patterns in reading achievement 

between the two groups.  

 In support of the idea regarding the heterogeneity within each group as well as 

differences in how reading processes developed depending on the type of reading deficit, 

researchers have identified that certain reading processes are more predictive of certain reading 

problems than other reading processes. For instance, previous research suggests that children 

with reading comprehension deficits do not necessarily have deficits in phonological awareness; 

rather, they have deficits related to semantics and higher-order language processes (Nation, 

Clarke, Marshall, & Durand, 2004). Furthermore, Adolf et al. (2010) identified different 

variables that best predict reading impairments in second grade versus eighth grade. In second 

grade, letter identification, sentence imitation, and mother’s level of education or rapid naming 

were the best predictors of whether a child had a reading impairment, and in eighth grade, 

phoneme deletion, sentence imitation, nonverbal IQ, mother’s education level, grammatical 

completion, and rapid naming were the best predictors of whether a child had a reading 
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impairment (Adolf et al., 2010). Accordingly, in eighth grade, more predictors were needed to 

model whether a child would have a reading impairment, and two of these additional predictors 

(i.e., nonverbal intelligence, grammatical completion) were unique to the eighth-grade model. 

These authors suggest that the differences in the predictor variables at second and eighth grade 

mean that there are qualitatively different reading impairments in second grade versus eighth 

grade, such that those in identified second grade tend to have deficits related to decoding skills, 

whereas those identified in eighth grade tend to have related to broader language ability and 

higher-order thinking deficits (Adolf et al., 2010). Other researchers have also shown that poor 

comprehenders may have more language-based deficits than those who are considered poor 

decoders (Geva & Massey-Garrison, 2013; Tong, Deacon, Kirby, Cain, & Parrila, 2011). In 

further support of this idea of different types of reading impairments at different grade levels, 

Adolf et al. (2010) found that about 42% of children who were classified as reading impaired in 

eighth grade were not considered reading impaired in second grade. Similarly, approximately 

49% second graders who were classified as reading impaired were considered good readers in 

eighth grade (Adolf et al., 2010).  

Therefore, in the current study, the RD group may have experienced significant gains in 

reading achievement from fifth to eighth grade because their primary deficits were in 

phonological awareness, and by eighth grade, with accommodations (e.g., having the text read to 

them), they were able to comprehend and read text for meaning well. In other words, even if the 

two groups experienced growth in different reading-related processes at different time points and 

consisted of students with different types of reading impairments, one must also consider that 

those in the RD group were likely given specific accommodations (e.g., read aloud, text to 

speech) both in the classroom and on the reading assessment itself to help them overcome their 
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reading difficulties (e.g., phonological awareness, decoding), continue to learn more advanced 

reading skills, such as comprehension, and access the content, as they continued on in their 

education. Thus, when measuring different reading skills at different grade levels, it makes sense 

that those identified in earlier grades with RD may no longer be considered poor readers, or at 

least be on a path of continued growth in later school grades, which is consistent with Adolf et 

al.’s (2010) findings.  

In contrast, for the LRA group, which was more racially/ethnically diverse and from 

lower SES backgrounds as compared to the RD group, their primary deficits may have been in 

reading comprehension and broader language-based skills, as opposed to phonological awareness 

and decoding deficits. Hence, the LRA group may have benefited from formalized reading 

instruction from first through fifth grade, which allowed their decoding and fluency skills to 

progress, but by eighth grade when the direct reading assessment was primarily measuring 

reading comprehension skills, they did not perform as well as the RD group. These students in 

the LRA group were also likely not given classroom accommodations to help them access the 

content and continue to make progress. Further, children from disadvantaged families with 

limited resources are less likely to experience academic opportunities outside of school and 

verbally rich environments than are children from higher SES families (Davis-Kean, 2005). 

Generally, research supports the idea that the language skills of children from racially/ethnically 

diverse and from low SES backgrounds decline over time, but it is commonly believed that this 

deceleration begins around fourth grade when the switch between “learning to read” and 

“reading to learn” occurs (Chall & Jacobs, 2003; Chall, Jacobs, & Baldwin, 1990; Kieffer, 2010). 

However, these hypotheses as to why children in the LRA group experienced a decline in their 
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reading skills in this study are only conjecture, as specific information about the classroom 

environments and instruction of students in this sample was not available.  

Specifically for the RD group, the results of the current study are more in line with those 

of Etmanskie et al. (2016) who found that children who experience a “fourth grade slump” in 

reading development, or a decline in reading skill when the switch between “learning to read” 

and “reading to learn” occurs, still tend to improve in their reading skills after fourth grade. In 

the current study, this is consistent the RD group’s pattern of reading development, such that 

they experienced slightly less growth between the spring of third grade and the spring of fifth 

grade (i.e., 19% of growth) than they made between the spring of first grade and the spring of 

third grade (i.e., 27% of growth), but they continued to make significant progress from the spring 

of fifth grade through the spring of eighth grade (i.e., 42% of growth). The progress the RD 

group made in later grades may be in part due to the accommodations and support they received 

to help them continue to learn to comprehend material and access more advanced curriculum, 

despite their early reading challenges. The LRA group, on the other hand, may have experienced 

a “fourth grade slump,” but they also still experienced positive growth from the spring of third 

grade to the spring of fifth grade. By the end of fifth grade, the LRA group experienced 

significant deceleration in their reading growth. Thus, it is possible that children with RD 

continued to benefit from reading instruction/intervention and special education services, 

including accommodations, throughout elementary school and middle school, whereas those in 

the LRA group either may not have benefited as much from the instruction/intervention they 

received or may not have received enough support and accommodations to continue to progress 

their reading development through the end of elementary school and then middle school. 
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Consideration of Instructional and Environmental Factors 

In combination with the complex relationship between reading-related skills and 

students’ deficits in those skills over time, it is necessary to consider how students’ schools and 

instructional environments from an ecological perspective may have contributed to differences in 

the two groups’ reading achievement patterns over time. In the current sample, students in the 

RD group received special education services at some point between first and fifth grade. 

Although research tends to suggest that children who receive special education services for 

having RD or other disabilities do not typically catch up to their same-age peers in reading 

achievement (Morgan et al., 2010, 2011), the current study did not allow for the comparison 

between the RD group and a group of non-impaired readers. Nevertheless, while it is possible 

that the RD group in the current study may not have caught up to non-impaired readers, students 

in this group experienced growth in their reading development from kindergarten through eighth 

grade, with only slightly slower growth between third and fifth grade. It should also be noted that 

those in the RD group received instruction via not only their special education placements but 

also their general education. 

Regarding the instructional practices and environment in general educations classrooms 

for both the RD group and the LRA group, the current study does not allow for any conclusions 

to be drawn about type of accommodations, instruction, interventions, and environmental factors 

that contributed to differences between the RD and LRA groups’ patterns of reading 

achievement over time. Still, it is important to think about what type of reading practices may be 

most beneficial for students in both general education and special education settings. For 

example, Connor and colleagues (Connor, Morrison, & Katch, 2004a; Connor, Morrison, & 

Petrella, 2004b; Connor et al., 2009) demonstrated the importance of individualized and 
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differentiated reading instruction. In general, they have found that whether children benefit from 

code-based instruction (i.e., instruction that emphasizes phonological awareness, phonemic 

awareness, and decoding) versus from comprehension-based instruction (i.e., instruction that 

focuses on reading activities and language development) depends on the child’s initial strengths 

and weaknesses and instructional time devoted to such activities (Connor et al., 2004a, 2004b, 

2009). For example, children with lower initial decoding skills may benefit more from code-

based instruction, whereas those with adequate decoding skills, but low vocabulary benefit more 

from code-based instruction with increasing amounts of comprehension-based instruction as the 

year progresses (Connor et al., 2004a, 2004b, 2009). In order to provide students with the most 

effective reading instruction, teachers must assess and understand where their students’ initial 

reading skills lie and then work to differentiate instruction within their classroom, so that the 

learning needs of all students are met. Overall, although the specific type of reading instruction 

the students in both the RD and LRA groups received is unknown, it is possible that the students 

in the RD group received more individualized instruction based on their needs as well as 

accommodations, which allowed them to have a steadier trajectory of growth. Further, 

individualized instruction and accommodations not only helped those in the RD group continue 

to improve in their reading skills but also helped them to continue to access increasingly more 

difficult content in spite of their reading challenges. On the other hand, the LRA group likely did 

not receive accommodations in earlier grades, which prevented them from developing stronger 

comprehension skills and accessing more advanced content, and they likely received less 

individualized instruction throughout their education, perhaps leading to a decline in their 

reading growth after fifth grade. 
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Moreover, in addition to individualized reading instruction, other environmental factors 

may have played a role in the different reading achievement patterns between the two groups. 

Those in the LRA group were from more racially/ethnically diverse and disadvantaged 

backgrounds compared to the RD group, so variables such as parent involvement and home-

school relationships, school resources, neighborhood violence, housing issues, etc. may have 

influenced the reading achievement trajectories of the LRA group differently than for the RD 

group, even though related variables, such as individual SES and race/ethnicity were controlled. 

It should be noted, however, that kindergarten SES was not a significant predictor of the shape, 

or total growth for the LRA group, although it was a significant predictor for the RD group. As 

described above, individual SES and school SES, although related, may both influence reading 

achievement (Marks, 2015), but school SES was not specifically considered in the current study. 

Thus, if school and neighborhood environmental factors were included in the model, then such 

variables may have significantly predicted the total reading growth of the LRA group. Given the 

lack of data about such school related variables in the current study, these hypotheses about why 

children in the LRA experienced a decline in their reading growth at fifth grade should be 

interpreted with caution and should not be over-generalized. Nonetheless, one must still consider 

the effects of factors that exist at levels greater than the individual (e.g., microsystem, 

mesosystem, exosystem, macrosystem) when thinking about why the RD group and LRA groups 

displayed different reading achievement trajectories after the spring of first grade. 

Sensitivity Analyses 

The results of the sensitivity analyses for the shape group comparison were similar to the 

results using the original groups. In other words, defining the LRA group using a third-grade 

only reading achievement score below the 25th percentile, a RD group that included those 
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identified for special education services in kindergarten, a RD group that excluded children 

identified for special education services in fifth grade, and a RD group that excluded children 

identified for special education services in fourth and fifth grade did not alter the results. 

Therefore, the RD and LRA groups demonstrated different patterns of reading achievement from 

kindergarten through eighth grade even when different ways of defining the groups were used. 

Perhaps most notable about the sensitivity analyses for the shape multiple group LGM 

was that even when children who were identified for special education services due to RD in 

fourth and fifth grade were excluded from the sample, results were the same. Those excluded for 

being diagnosed with RD after third or fourth grade are usually described as having late-

emerging RD. Children with late-emerging LD tend to have reading problems that do not 

become noticeable until later elementary school grades, and they tend to have minimal reading 

problems in early school grades (Catts, Compton, Tomblin, & Bridges, 2012). That is, research 

suggests that children with late-emerging RD generally do not have early reading problems that 

are missed as a result of poor identification practices; rather, their reading problems truly do not 

appear until later ages (Catts et al., 2012; Leach et al., 2003). Children with late-emerging RD, 

however, may have early oral-language deficits that precede their reading problems (Catts et al., 

2012). Catts et al. (2012) found that in their sample of 493 children, 42% of children classified as 

having RD were considered late-emergers, and that 52% of these late-emergers had reading 

comprehension problems, 36% had problems in word reading, and 12% had a combination of 

both comprehension and word reading problems. Thus, it appears that the majority of those with 

late-emerging RD tend to have more deficits in reading comprehension. In the current study, 

even when these children with late-emerging RD, who likely had more comprehension-based 
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deficits as opposed to phonological awareness deficits, were excluded, the pattern of reading 

achievement of the RD group remained relatively unchanged. 

Group Comparison of Level of Reading Achievement at Eighth Grade 

 The third and final important finding from the unweighted multiple group LGM indicated 

significant group differences in the reading achievement scores at the end of eighth grade. Based 

on this analysis, in the spring of eighth grade, the RD group significantly outperformed the LRA 

group. These results, however, must be interpreted with caution because the unconstrained model 

in this analysis produced negative intercept and slope variances, which suggests that the model 

may not have been the best fit for these data, so the results may not be entirely accurate. 

Nonetheless, these results should also be interpreted in light of the fact that a Wald test that 

compared the mean eighth-grade reading achievement scores, in essence an independent samples 

t-test, found significant group differences. 

 First, it should be noted that the results of the current study conflict with the findings of 

Francis et al. (1996), who found no significant differences between RD and LRA groups at 16 

years of age. Importantly, Francis et al. (1996) did not consider whether children in their sample 

received special education services, and they defined their groups using their own diagnostic 

criteria, so it is likely that some of the children in both groups received special education 

services. Additionally, Francis et al. (1996) did not use IRT scale scores; rather, they used Rasch 

scores, which may not be the most appropriate way to measure change in achievement over time 

and could have contributed to the non-significant group differences at age 16.  

Second, O’Malley et al. (2002) also examined the longitudinal trends in reading 

achievement between RD and LRA groups, but their analyses stopped at around seven years of 

age. These researchers found that by age seven, there were no significant differences between the 
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RD and LRA groups in many of the reading-related processes (i.e., phonemic awareness, rapid 

naming, perceptual discrimination, spelling, word reading; O’Malley et al., 2002). Interestingly, 

the two groups did differ at age seven in visual-motor integration and letter-sound ability, in 

which the RD group outperformed the LRA group in both of areas (O’Malley et al., 2002). Thus, 

it is possible that if these researchers had examined a longer period of time, then either group 

differences in more of the reading-related process would have become apparent or group 

differences in letter-sound ability and visual-motor integration would have remained significant. 

Also, O’Malley et al. (2002) did not examine differences in any reading comprehension related 

skills, which in the current study was the focus of the assessment by the eighth-grade direct 

reading assessment and may represent where most of the differences between the RD and LRA 

groups lie. Lastly, O’Malley et al. (2002) did not consider whether children in their sample were 

receiving special education services, so how the services students received in school influenced 

their reading growth over time is unknown. Overall, it appears that the present study is the first 

study to compare eighth-grade reading outcomes for students with reading problems based on 

whether they received special education services during their education as part of a longitudinal 

study. Accordingly, how special education services and instruction for students in each of these 

groups influenced their reading development over time must be discussed. 

Instructional Considerations 

Even though the results related to this research question are questionable, it is necessary 

to discuss what it means that the RD group performed significantly higher than the LRA group at 

the end of eighth grade. In thinking about why the RD group performed better than LRA group 

in the spring of eighth grade, one must consider the services and supports students in each of 

these groups received during their education. For both groups, however, exactly what their 
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educational environments, instruction/intervention, and supplemental supports and services (e.g., 

accommodations) looked like is unknown, as mentioned above. Despite the uncertainty about 

their exact services, the discussions below will explain the current results in relation to what their 

classroom instruction/intervention and special services may have looked like.  

 RD and special education services. Generally, research suggests that children provided 

with special education services have lower academic achievement than students in general 

education settings and do not catch up to their non-disabled peers (Morgan et al., 2010, 2011) as 

well as that children in special education receive lower quality and less intensive instruction than 

children in general education classrooms (Bentum & Aaron, 2003; Dworet, 1987; Moody et al., 

2000; Morsink et al., 1986; Vaughn et al., 2002). Interestingly, in the current study, the RD 

group’s higher reading performance at the end of eighth grade provide some indication that 

special education services (e.g., supplemental instruction, classroom accommodations) were 

effective, relative to children with reading problems who did not receive special education 

services. Although special education is not the only factor that explains why children with RD 

performed better than the children with LRA in eighth grade, such that the groups were not 

exactly equal at kindergarten entry as well as that characteristics of their school and classroom 

instructional environments were unknown, it is plausible to suggest that there was something 

about the special education services from which the children in the RD group benefited. 

 While children in the RD group may have benefited from special education services in 

comparison to children with LRA who did not receive such services, it is likely that the RD 

group did not make enough progress over time to catch up to their peers without reading 

problems. In support of this idea, Morgan et al. (2010) found that children receiving special 

education services in third grade demonstrated significantly lower reading skills in fifth grade 
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than closely matched peers not receiving special education services. Despite the lower scores in 

fifth grade, the two groups made statistically equivalent gains in reading skills between third and 

fifth grade (Morgan et al., 2010). Although Morgan et al. (2010) included children with all types 

of disabilities in the special education group, the results of that study are likely consistent with 

the results of the current study that suggest children with RD who received special education 

services do benefit from receipt of such services, but such services may not be enough to help 

those with RD to achieve at the same levels as their peers without reading impairments. Whether 

children in the RD group in the current sample did in fact display lower reading skills at the end 

of eighth grade compared to their non-impaired peers is unknown. 

 Still, one must consider that RD is a persistent, life-long learning disability. As a result, it 

may not be that special education is ineffective in remediating the reading problems of children 

with RD, but rather, children with RD are in general unlikely to catch up to their non-impaired 

peers, even with special accommodations. Research suggests that children with RD make 

significant gains in their reading development over time, yet they never make enough gains to 

close the gap between themselves and children without reading problems (Francis et al., 1996). 

When scientifically-based, intensive, and high-quality reading interventions are provided to 

students with RD, especially older children between 8 and 10 years of age, they may improve 

their reading accuracy and comprehension to fall within the average range, but they continue to 

demonstrate oral reading fluency rates that are severely impaired (Torgesen et al., 2001). It is 

important to note that these intensive reading interventions were not provided within the public-

school system; rather, they were delivered as part of the research study, and such positive results 

may be even less likely within the school public school setting. This idea that children with RD 

will never close the gap between themselves and children with reading problems does not mean 
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that it is fruitless to provide them with intensive intervention, special services, and 

accommodations to help them improve, as evidenced by the facts that (1) children with RD do 

make do make improvements in their reading problems and respond to intervention (Denton et 

al., 2006; Lovett et al., 1994; Torgesen, 2001, 2002; Vaughn et al., 2012), and (2) children with 

RD are better able to learn reading comprehension skills and access more advanced content when 

provided with accommodations when compared to children with LRA who likely did not receive 

such accommodations. Nonetheless, it is helpful to understand that children with RD will 

struggle with learning as a result of their disability throughout their schooling.  

 LRA and classroom instruction/intervention. During the years in which the data for 

the ECLS-K were collected, RTI frameworks were only beginning to be implemented in schools 

across the nation. Prior to RTI implementation, students typically did not receive early intensive 

reading intervention within the general education setting. Title I programs were one way in 

which children would be provided with supplemental reading instruction and support, if they 

were not receiving special education services; however, Title I programs have historically 

consisted of disjointed instruction that does not always align with the general curriculum 

(Johnston et al., 1985).  

 It was not until the late 1990s and early 2000s when researchers and educators began to 

think differently about the importance of evidence-based, high-quality reading instruction. 

During this time, questions were raised not only about how schools identify students as having a 

RD but also about how students should be taught how to read. Large scale research projects such 

as the one conducted by the National Reading Panel in 2000 were commissioned to investigate 

areas to focus reading instruction and the most effective ways to teach students to read. 

Generally, research suggests intervening in earlier grades (i.e., kindergarten, first grade, and 
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second grade) leads to better results than does intervention in later grades, especially as a result 

of the intensity and duration needed when intervening at later grades (Foorman, Breier, & 

Fletcher, 2003). Additionally, small-group interventions have been found to be just as effective 

as one-on-one interventions, and well-trained paraprofessionals can implement interventions just 

as effectively as teachers (Foorman et al., 2003). Moreover, the most effective reading 

interventions are the ones that include explicit instruction in phonemic awareness, the alphabetic 

principle (i.e., grapheme-phoneme correspondence), and phonics instruction integrated with 

instruction in reading comprehension and opportunities to read and write based on subject 

content (Foorman et al., 2003). Also, as described in a previous section, it is critical that reading 

instruction is individualized and differentiated, such that students will respond differently to 

reading instruction depending on their reading skills prior to receiving said instruction (Connor 

et al., 2004a, 2004b; 2009). In the current study, although the type of instruction/intervention 

students in the LRA group received is unknown, it may be that if they had received more 

intensive, evidence-based instruction and intervention in reading especially at earlier ages as well 

as accommodations and interventions that continued to support their reading comprehension 

development as they got older, then they may have not fallen as far behind the RD group. 

Sensitivity Analyses 

The results of the sensitivity analyses for the eighth-grade group comparisons were 

partially similar to the results using the original groups. To start, when the RD group included 

those identified for special education services in kindergarten and when the RD group excluded 

children identified for special education services in fifth grade, the results did not differ from 

those with the original groups. However, when the LRA group was defined using a third-grade 

only reading achievement score below the 25th percentile and when the RD group excluded 
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children identified for special education services in fourth and fifth grade, the results conflicted 

with those of the original groups, such that no significant group differences in reading scores 

were found at the end of eighth grade. 

 First, regarding the LRA group defined using a third-grade only reading achievement 

score below the 25th percentile, the conflicting results must be interpreted with caution for two 

reasons. One reason is that models used in this analysis produced negative intercept and slope 

variances, which could have led to inaccurate results. The second reason is that the graph for this 

sensitivity analysis in Figure 7 shows a substantial gap between the two groups reading 

trajectories at the eighth-grade time point, perhaps one that is even bigger than in the graphs 

using the original groupings (see Figure 6). Thus, it is possible the negative variances in this 

multiple group LGM inaccurately led to results that suggest no group differences existed, when 

really group differences did exist. 

Second, when the RD group excluded children identified for special education services in 

fourth and fifth grade, no significant group differences between the RD and LRA groups’ 

reading achievement in eighth grade were identified. One possible explanation for this finding is 

that by excluding children with late-emerging RD (i.e., those identified after fourth grade; see 

discussion above), which was perhaps students with less severe reading problems who would 

have scored higher on the direct reading assessment, the remaining children in the RD group had 

lower scores on the direct reading assessment, performing more similarly to those in the LRA 

group. In other words, the RD group in this sensitivity analysis only included children with the 

most severe and impairing reading difficulties, causing them to perform worse on the direct 

reading assessment, which produced scores more similar to those in the LRA group. Further 

research is needed to truly understand how the RD group differs when students identified to 
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receive special education services in fourth and fifth grade are included in the sample versus 

when they are excluded and how this affects their reading achievement trajectories and reading 

performance in eighth grade. 

Implications for Practice 
 

The current study has practical implications related to the identification of students with 

reading problems as well as prevention and intervention efforts. Perhaps, one of the most 

important implications concerns how schools identify students to receive special education 

services due to reading problems. The current study found no significant differences in the 

reading achievement between the RD and LRA group at kindergarten entry, but that the two 

groups go on to develop reading skills differently and have different outcomes with the RD 

group coming out with the advantage at the end of eighth grade. The lack of group differences in 

kindergarten underscores the need for (1) universal screenings as early as kindergarten in order 

to identify students at-risk for reading failure, (2) early intensive, evidence-based reading 

intervention for those identified at-risk and continued monitoring of their progress, and (3) a RTI 

approach to RD identification for students who do not respond to intensive reading interventions.  

Universal reading screeners must measure the most important predictors of later reading 

achievement and be sensitive enough to identify students who are struggling with early reading 

processes and are not making appropriate growth. Universal reading screeners should measure 

not only phonemic and phonological awareness (e.g., letter naming fluency, letter sound fluency, 

segmentation, blending, nonsense word fluency) but also rapid naming, as research suggests that 

rapid naming is a key skill in predicting later reading difficulties (Boscardin, Muthén, Francis, & 

Baker, 2008; Schatschneider, Carlson, Francis, Foorman, & Fletcher, 2004; Wolf & Bowers, 

2000) and may in fact differentiate those with a more severe double-deficit (Wolf & Bowers, 
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2000). Universal screeners that assess students early reading skills (e.g., letter naming fluency, 

letter sound fluency, segmentation, blending, nonsense word fluency) are typically only 

administered in kindergarten and early in first grade, and by the winter of first grade, universal 

screenings assess students’ oral reading fluency. However, further research is needed to 

determine if early reading processes (e.g., phonological awareness) should be assessed through 

second or third grade when children are still learning to read in order to effectively identify 

students who have not yet mastered basic reading skills and are in need of more intensive 

intervention in these areas, as opposed to focusing solely on reading fluency interventions. 

Once students are identified as at-risk for reading failure, intensive, empirically-

supported, high-quality, and individualized instruction and intervention should be implemented 

immediately (Foorman et al., 2003). First, it is important that classroom instruction at the tier 1 

level consist of research-based practices that can be differentiated to best meet students unique 

learning needs (Foorman et al., 2003; National Reading Panel, 2000; Connor et al., 2004a, 

2004b, 2009). Second, those students identified at risk for reading failure (i.e., tier 2, tier 3) 

should be provided high-quality, evidence-based intervention designed to meet their specific 

reading deficits, and their progress with such interventions should be monitored frequently (e.g., 

weekly; Fletcher et al., 2004). Research supports the effectiveness of early reading intervention 

for student at-risk for reading problems, such that after provided with intensive high-quality 

intervention in kindergarten and/or first grade, for example, Vellutino et al. (2006) found that 

84% of the at-risk children became average readers by first grade, and 58% of children who were 

at-risk until the beginning of first grade performed in the average range on all reading outcome 

measures at the end of first, second, and third grades. Thus, early intensive reading intervention 

is critical in preventing later reading failure, yet continued monitoring of these at-risk students’ 
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progress is also crucial to make sure that they continue to make progress, meet benchmarks, and 

do not fall further behind.  

Although early intensive reading intervention is effective in preventing reading failure for 

many students, some children will not respond to reading intervention (e.g., close the gap 

between themselves and average readers), which is when a special education evaluation and 

subsequent special education placement may be warranted (Fletcher et al., 2004). Students in 

special education should receive intensive tier 2 and tier 3 intervention in addition to 

supplemental instruction and intervention in special education. Furthermore, special education 

supports for students with difficult to remediate reading problems should also continue to 

emphasize accommodations (e.g., read aloud, text to speech, keyboarding) to help these students 

learn and be successful in other subject areas in spite of their reading challenges.  

Related to the current study, students were identified to receive special education likely 

based on an IQ-achievement discrepancy. However, if an RTI model had been used and only 

students who did not respond to intensive reading intervention were identified for special 

education, then perhaps the results would have been different, such that students with LRA 

would have received early intensive intervention in early elementary school grades and may have 

outperformed the RD group in later grades. Hence, using an RTI framework, one may expect that 

students in an LRA group would make significant growth in early elementary school grades as a 

result of intensive reading instruction and intervention that would allow them to catch up to their 

same-grade peers. If students with RD are those with the more severe deficits, who do not 

respond to intervention, then perhaps, one would continue to expect them to less frequently catch 

up to their same-grade peers, as suggested in previous research (Francis et al., 1996).   
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In addition to early prevention and intervention efforts, this study supports the need for 

general education accommodations for students who are identified as needing more intensive 

reading instruction/intervention in early school grades as a result of deficits in phonological 

awareness, decoding, and/or fluency. In the current study, students in the RD group likely 

received accommodations to help them continue to progress in their learning both in reading 

comprehension and in other subject areas in spite of their early reading difficulties (e.g., 

phonological awareness). Accordingly, when students are identified as in need of tier 2 or tier 3 

reading supports via universal screenings, but perhaps are not yet in need of special education 

services, they should be eligible to receive accommodations that would help them continue to 

progress in their learning. Providing accommodations will help students with reading difficulties 

to not be halted by their challenges, and they will be able to continue to develop important 

reading related skills like vocabulary, critical thinking, and analysis. Accommodations can 

include read aloud support on assignments and tests, shortened assignments, opportunities to use 

keyboards to help with writing, etc. Whether these accommodations should be written into a 

more formalized plan, such as a Section 504 Plan, or should be left up for teachers to informally 

implement are important options for policy makers, educators, administrators, and researchers to 

consider, as they think about preventing students with LRA from falling further and further 

behind their peers over time. 

Along with the need for general education accommodations for struggling readers, this 

study provides support for the need of continued universal screenings, intensive instruction and 

intervention related to reading comprehension. In the current study, as students got older, the 

direct reading assessment focused more on comprehension (e.g., vocabulary, understanding, 

personal reflection, critical stance), which suggests that reading growth and reading problems 
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may be related to comprehension skills in addition to early reading skills, like decoding and 

fluency. Therefore, universal screenings of reading comprehension should occur in both earlier 

school grades and should persist throughout middle school. Schools would benefit from 

continued universal screening in reading comprehension as students get older in order to identify 

both when students’ early reading skill deficits begin to influence their reading comprehension as 

well as when students who did not have early reading skill deficits begin to develop reading 

comprehension difficulties.  

Furthermore, previous research indicates that different reading skills and variables predict 

reading problems at second grade versus eighth grade (Adolf et al., 2010). As such, when 

students reach later elementary and middle school grades, reading instruction should include 

research-based reading comprehension instruction and intervention. Some researchers have 

found that specific reading comprehension instructional strategies are most effective in 

improving reading comprehension skills and subsequent test scores, including individualized 

schema-based learning, conceptual learning, and transactional learning (Block, Parris, Reed, 

Whiteley, & Cleveland, 2009). Individualized schema-based learning is when students engage in 

independent silent reading with teachers providing scaffolding and support when students 

encounter barriers that prevent them from understanding the text (Block et al., 2009). Conceptual 

learning is based on the idea that reading comprehension increases when there are opportunities 

to engage in reading activities related to learning new knowledge about a topic (Block et al., 

2009). Transactional learning involves both reading books independently and then engaging in 

group discussions with other students and the teacher about the book in order to deepen one’s 

understanding of the text and make connections to their own lives and larger subject-related 

themes (Block et al., 2009). Both educators and researchers must continue to identify the most 
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effective ways to target students’ reading comprehension deficits as they get older and higher 

level reading comprehension skills that are need to be successful in school. 

Both the RD and LRA groups experienced declines in their reading growth, albeit at 

different time points. The RD group experienced slower growth between the spring of third 

grade and the spring of fifth grade, and the LRA group experience slower growth from the spring 

of third grade to the spring of fifth grade and significant deceleration from the spring of fifth 

grade to the spring of eighth grade. Although it is impossible to determine whether these declines 

resulted from poor early reading skills that led to comprehension deficits, because children were 

unable to decode and fluently read text, or from comprehension deficits that developed from 

increasing school demands and the switch from “learning to read” to “reading to learn,” one must 

consider how schools can best support these students learning in all subjects if they do not have 

grade-appropriate reading skills and do not respond/do not receive intervention. In other words, 

schools should consider putting accommodations in place for students with reading problems 

identified via universal screenings (described above), so that they do not lose motivation, have 

poor achievement in other areas, and develop more serious academic and socio-emotional 

problems. Although providing accommodations to all students with LRA does not recognize a 

larger systemic issue with reading instruction, the idea is that when a child is past the point of 

early reading intervention and current interventions are not helping the student to grow as 

quickly as desirable, educators should consider how they can best prevent further academic 

problems and school failure. 

Limitations and Future Research 

 There are several limitations of this study. First, due to its non-experimental nature, no 

causal inferences can be drawn about the reasons for differences and similarities in the reading 
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achievement of the two groups. That is, an experimental design would be necessary to establish 

the extent to which special education services influenced the development of participants’ 

reading achievement over time. Future researchers should consider using more rigorous 

matching methods (e.g., propensity score matching) to ensure that the groups are more 

equivalent on variables aside from the services they received, because a true experimental study 

that utilizes random assignment cannot be conducted for this population (i.e., cannot randomly 

assign students to receive special education services). This study only provides a preliminary 

idea about the differences in the reading achievement trajectories between those with reading 

problems who did and did not receive special education services.  

 Second, the present study did not include a group of non-impaired students. As a result, it 

is not possible to examine how the RD and LRA groups compared to children with average 

reading skills, which limits the conclusions one can draw about a Matthew effect or a 

compensatory trajectory of reading development in this study. Consequently, this study would 

benefit from replication with the inclusion of a non-impaired, average-performing group in order 

to draw stronger, more meaningful conclusions.  

Third, this study did not account for school- or classroom-level variables (e.g., school 

SES, instructional practices). It is likely that school- and classroom-level variables did play a role 

in students’ reading achievement over time, but because these variables were not considered in 

the current study, how such variables played a role is unknown. Future research should address 

this problem by utilizing a multi-level latent growth model, in which differences in reading 

achievement resulting from school and classroom variables can be accounted for (see Muthén, 

1997). Further, there was likely great heterogeneity in terms of what special education services 

looked like for those in the RD group as well as what supports were available for those in the 
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LRA group. In other words, this study did not permit for the examination or control of the type 

of supports and services the students may have received in school to help with their reading 

difficulties. As a result, researchers should conduct studies that include data on the specific type 

of reading instruction, reading intervention, and special education services students received.   

Fourth, in addition to considering school- and classroom-related variables in future 

research, additional variables that were not included in the current study should considered. 

Some variables, such as IQ and language ability, were not included in the current sample because 

the dataset did not include such information, while other variables such as preschool experiences, 

home-literacy environment, and motivation were not included in order to maintain a 

parsimonious model. Nevertheless, researchers should consider including these variables in their 

work, since they have been shown to play a role in reading development over time. 

Fifth, it is impossible to know which model of learning disability identification was used 

to diagnose students (e.g., discrepancy model, RTI) as well as why students in the LRA group 

were not identified to receive special education services. However, the purpose of this study was 

to examine the growth trajectories and trends in reading achievement between students identified 

with RD and students with LRA who were not identified, not necessarily to examine the validity 

of the models used to diagnose RD. Nonetheless, replicating this study using data that both 

indicates how students were identified to receive services and more current data that reflects RTI 

approaches to RD identification would allow researchers to better understand how students were 

identified to receive services, if they responded to previous intervention, and draw stronger 

conclusions about the effects of such services on students’ reading growth trajectories. 

Sixth, further research must consider alternate ways of defining the groups. In the current 

study, students in the RD group were included if they received special education services at any 
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point between first and fifth grade. One way to improve this group definition would be to 

examine at what grade students were first identified and for how long they received services. 

Additionally, given that when the RD group excluded students identified in fourth and fifth 

grade, there were no differences between the RD and LRA groups’ reading achievement in 

eighth grade, future research should consider defining the RD group based on their specific 

deficits. For example, one RD group might consist of students with only decoding deficits, while 

another group may consist of those with both decoding and comprehension deficits, and a third 

group might consist of students with only comprehension deficits. Similarly, for the LRA group, 

future research should seek to better examine when these students first experienced reading 

difficulties and in what specific areas they struggled. For both groups, it is plausible that the 

reading achievement trajectories would differ based on when children first developed reading 

problems/were first identified to receive services and where their specific reading deficits lie. 

Therefore, future research should utilize measures of reading achievement that are specific to 

individual reading skills (e.g., phonemic awareness, rapid naming, decoding, comprehension) to 

more closely examine the longitudinal differences in these skills between those with RD and 

LRA. 

Seventh, the current study is limited in its generalizability in multiple ways. First, this 

study was not able to employ the weighted data as was originally intended. When the weighted 

data were used, the models frequently produced negative slope and intercept variances. Although 

this does not automatically rule out the use of the weighted data, it does suggest that the models 

with the weighted data were not the most appropriate models. Even though weighted model were 

not fully interpreted, the final unweighted sample was not drastically different from the weighted 

sample, in terms of gender, SES, race/ethnicity, age, and mean reading IRT scale scores, 
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suggesting that the unweighted models may be somewhat generalizable. Also, conducting 

analyses using weighted data in MPlus does not provide certain fit indices, such as the chi-square 

statistics, CFI, and TLI, which is why examining both weighted and unweighted fit indices was 

important. However, it is still important that future research makes use of weighted data in order 

to generalize the results to the national population, adjust for differential selection probabilities, 

and reduce non-response bias. Second, the current study is limited in its generalizability because 

only those who had both sample weights and data present in the field management system (FMS) 

variable that identified participants as having/having not received special education services 

were included in the sample. In other words, those missing a sample weight and those missing 

data on the variable that identified them as having or having not received special education 

services were excluded from the sample. Unfortunately, this is a limitation of using an extant 

dataset. Lastly, it should be noted that the current sample was never intended to be nationally 

representative of the entire kindergarten class of 1998-1999, but rather be nationally 

representative of those with reading problems in the kindergarten class of 1998-1999. Overall, 

the results of the present study’s analyses should be interpreted with caution and should not be 

generalized to the entire population of interest. Instead, the results should be interpreted as 

preliminary evidence of the RD and LRA groups’ reading growth trajectories from kindergarten 

through eighth grade within only the sample included in the current study. 

Finally, given the unusable weighted data along with the basis coefficients for the LRA 

group that were greater than one, future research should consider other possible ways to the 

model the data. One possibility would be to include a quadratic factor in the model, although this 

likely would not improve model fit for a sample that only includes the RD and LRA groups. 

Adding a quadratic factor to the unweighted unconditional latent growth model in the current 
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study, in fact, worsened model fit relative to model fit of the latent basis model (Quadratic 

model: c2 = 42.16, df = 7, RMSEA = 0.07, CFI = 0.98, TLI = 0.95; Latent basis model: c2 = 

10.52, df = 7, RMSEA = 0.02, CFI = 0.998, TLI = 0.995). Similarly, model fit was not improved 

by adding a quadratic to the weighted unconditional model, although the slope variance was 

positive (Quadratic model: RMSEA = 0.09; Latent basis model: RMSEA = 0.06). While a 

quadratic model did not appear to be better model for the given data, it is still important to 

consider, especially when a non-impaired group of students is added into the sample, as research 

tends to support the idea of quadratic growth in reading achievement within the general 

population (Francis et al., 1996).  

A second possible way to model the data would be to utilize growth mixture modeling 

(GMM; Muthén, 2000; Muthén, Khoo, Francis, & Boscardin, 2002; Muthén & Muthén, 2000). 

GMM combines growth curve and latent class analysis, which allows growth trajectories to vary 

across different classes (Wu et al., 2014). Thus, this type of modeling identifies distinct groups 

of growth trajectories over time, which is advantageous because it does not require the model to 

fit to pre-determined groups, but it allows the data to classify individuals based on the data and 

growth trajectories. GMM has been used in other research that examines achievement growth 

trajectories (e.g., Boscardin et al., 2008; Wu et al., 2014). Given that the basis coefficients in the 

conditional latent basis model for the LRA group were greater than one, this suggests that the 

conditional latent basis model was not the best fit for the data. Using GMM may help solve this 

issue by finding the latent classes within the growth trajectories. If GMM were used, researchers 

must still consider whether students did or did not receive special education services, and it 

would be interesting to examine the relationship among the latent classes, their growth 

trajectories, whether students did or did not receive special education services, and the type of 
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reading instruction and interventions students received. 

Conclusions and Future Directions 

 This study provided an initial investigation into the reading growth trajectories of 

children with RD who received special education services and children with LRA who did not 

receive special education services. Limited prior research has examined differences in reading 

growth trajectories of children who were identified based on school eligibility using advanced 

statistical methods, such as non-linear LGM, over longer developmental periods. Thus, the 

current study makes a contribution to the literature by focusing on reading development during 

an extended period of time (i.e., kindergarten through eighth grade), by utilizing a non-linear 

latent growth model, and by relying on school-based special education eligibility to identify 

students in each group.  

 The findings of the current study suggest that children with reading difficulties 

experienced reading growth in a non-linear fashion. That is, children experienced the most 

substantial growth in their reading skills between the spring of first grade and the spring of third 

grade, which was followed by a deceleration in reading growth from the spring of third grade to 

the spring of the eighth grade. These results support other research that provides evidence of a 

decline in reading growth after the early elementary school years. As LGM techniques continue 

to advance, researchers should further study the patterns of reading growth over time, especially 

of those with reading deficits, using advanced models like S-shaped curves (e.g., Gompertz, 

Richards, Logistic) and piecewise models to better understand how reading growth changes over 

time in relation to different developmental periods.  

 The results of the current study support the notion that children who went on to develop 

reading problems, but did not all receive equitable school services, displayed similar reading 
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skills at the beginning of kindergarten. That is, regardless of whether children were diagnosed 

with RD and received special education services or were not diagnosed with RD but displayed 

LRA, they entered kindergarten with similar reading skills. Furthermore, the reading growth of 

these two groups looked relatively similar until the end of first grade, when the two groups’ 

patterns of reading development diverged. After first grade, children in the RD group who 

received special education services continued to make substantial progress in their reading skill 

development, and they even experienced accelerated growth from the spring of fifth grade to the 

spring of eighth grade. The LRA group, however, experienced substantial growth from the spring 

of first grade to the spring of third grade but experienced a deceleration from the spring of third 

grade through the spring of eighth grade, with a prominent decline in reading growth from the 

spring of fifth grade to the spring eighth grade. By eighth grade, the LRA group performed 

significantly worse in terms of their reading achievement compared to the RD group.  

 These findings highlight a several important areas for future research. First, research is 

needed to better understand the growth trajectories of children with LRA using more advanced 

statistical methods such as GMM. Second, future research should examine how specific school-

based factors, such as instruction, intervention, and special education services influence the 

growth trajectories of the two groups. Research should consider when students began receiving 

services, how long services were received, and what comprised the instruction, intervention, and 

special education services. Additionally, further neuropsychological studies can help clarify 

whether there are differences between the two groups across cognitive measures as well as 

reading-related skills while taking students’ school-based eligibility into account. Lastly, future 

research is necessary to elucidate the relationship between the longitudinal growth trajectories of 

students receiving and not receiving special education and specific reading-related skills and sub-
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processes. For example, when the RD group experienced reading growth between fifth and 

eighth grade, did such growth occur in early phonological and decoding skills or in more 

advanced reading comprehension skills? Likewise, how does the growth in these reading-related 

skills and sub-processes differ between the RD and LRA groups over time? Thus, the results of 

the current study underscore the importance of further longitudinal research regarding these two 

groups and their reading development over time in order to inform both early prevention and 

intervention efforts and school-based identification processes. 

 Finally, the current study was positioned within a bioecological framework as well as a 

stage theory of reading development (Chall, 1983); however, one must recognize both the 

limitations of Chall’s stage theory and the relevance of other theoretical perspectives. Although 

Chall’s theory recognizes the importance of environmental factors that influence reading 

development, which is more deeply reflected in Bronfenbrenner’s bioecological theory, Chall’s 

theory assumes that reading development occurs within one’s own individual head. However, 

one must consider that learning to read is not only a biological phenomenon, but it is also a 

social one. Theorists like Vygostky believe that all higher psychological functions originate from 

social interactions and the social context (Englert & Mariage, 2013). That is, language and 

reading development develop from children’s interactions with others and through meditational 

tools and signs of culture (e.g., books, games, iPads; Englert & Mariage, 2013). Sociocultural 

theories of reading development also emphasize the importance of the apprenticeship process in 

learning to read, in which children are apprenticed into culturally-relevant, valued social 

activities by community members (Englert & Mariage, 2013). Based on this sociocultural 

perspective, reading instruction in schools should emphasize an apprenticeship model in which 

teachers provide high support in the early stages of learning and then gradually decrease this 
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support as students’ progress, individualized support based on individual needs, activities that 

allow for collaboration amongst students, and opportunities for students to practice engaging 

with language and literature (Englert & Mariage, 2013). The sociocultural perspective on reading 

development is especially important as researchers and educators seek to understand the ways in 

which sociocultural variables, such as race/ethnicity, SES, and even gender, influence how 

children learn to read and develop reading skills over the course of their schooling. Ultimately, 

for children with reading problems both diagnosed and undiagnosed, future research should 

consider the sociocultural model of reading development in order to develop and implement 

instruction and intervention that focuses on not only specific reading-related skills but also the 

larger cultural context in which students are embedded.
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