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Abstract 

Students who struggle to read text fluently (i.e., quickly and accurately) often receive 

supplemental reading instruction tailored to their specific skill needs. Some researchers contend 

that advanced phonemic awareness (Advanced PA) – the ability to perceive and manipulate 

phonemic sounds without referencing written text – is an important skill target for improving text 

reading. Advocates for Advanced PA training argue that verbal phoneme manipulation skills can 

facilitate readers' ability to consolidate words to memory which in turn facilitates automatic word 

recognition. Others conclude that evidence does not exist to support Advanced PA instruction 

among readers who can access text, for whom print-based instruction will be more valuable. 

With data from a statewide supplemental reading program, I used an inverse propensity 

weighting approach to compare reading fluency gains among struggling second- and third-grade 

readers who received traditional instruction with or without Advanced PA. Outcome regression 

models included fixed- or random-effects for school site. Results showed that students who 

received Fluency instruction with Advanced PA experienced significantly lower reading fluency 

gains (between -8.52 and -15.80 Words Correct Per Minute) than if they had received only 

Fluency instruction. Survival analyses extend the consequences of these diminished gains; 

students who received Advanced PA met intervention exit criteria less frequently and graduated 

intervention after longer periods of time than their peers in Fluency intervention alone.  
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Chapter I. Introduction 

Between 2019 and 2022, state legislative bodies across the country enacted 81 pieces of 

legislation aimed at standardizing and improving reading instruction (Neuman et al., 2023). For 

decades, multidisciplinary research evidence has shown that students often best learn to read 

from a phonics-based approach to early reading instruction (Castles et al., 2018; Ehri et al., 

2001). Phonics-based instruction refers to a type of instruction which teaches students to read 

words based on the links between their component letters (i.e., graphemes) and corresponding 

sounds (i.e., phonemes). This contrasts with a whole-word approach to reading instruction in 

which students learn to read independently and are taught to use context clues, visual cues and 

guesses to read words (Fountas & Pinnell, 2012; Goodman, 1967). Whole word reading 

instruction has dominated the landscape of American schooling despite an abundance of research 

documenting its inefficacy relative to phonics-based instruction (Baumann et al., 1998; Hess, 

2023; Rayner et al., 2002).  

In light of new legislation for the inclusion of systematic phonics instruction in early 

literacy, policy makers and district administrators face the new problem of choosing among the 

many reading curricula marketed as being phonics-based or research-backed (Girard, 2023; 

Schwartz, 2019). It is important to state clearly that the term research-backed is not synonymous 

with the term phonics-based. Phonics skills are crucial instructional targets that have been 

notably underemphasized or absent in popular curricula. Evidence is clear that students need 

phonics, and equally clear they also need instruction in and exposure to vocabulary, high-quality 

text, comprehension strategies and more to become expert readers (Castles et al., 2018; 

Seidenberg, 2017). Some who misunderstand scientific approaches to reading instruction 

mischaracterize the science of reading as only promoting phonics instruction at the expense of all 
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other literacy skills (Shanahan, 2020). Scientific approaches to reading instruction more 

accurately promote the important role of phonics as one of several research-backed components 

of reading development. These misconceptions add to the confusion educators face when 

comparing curricula labelled as phonics- or research- based.  

Debates within the science of reading community further add to this confusion (e.g., Peng 

& Goodrich, 2020, Shanahan, 2020). Some debates specifically question choices about effective 

instructional practices and instructional targets across multi-tiered systems of support (Clemens 

et al., 2021). Multi-tiered systems of support (MTSS) offer a way to effectively serve students 

across a range of skill levels to prevent the emergence of intractable skill deficits. In MTSS, all 

students receive core instruction (Tier 1), a smaller population of students with moderate skill 

delays or deficits receive supplemental intervention (Tier 2), and even fewer students with more 

significant deficits receive intensive intervention (Tier 3; Jimerson et al., 2016). The focus of this 

study pertains to a debate regarding instructional targets for supplemental (Tier 2) reading 

intervention.  

 This area of debate surrounds the utility of skills known as advanced phonemic 

awareness skills (Advanced PA; Clemens et al., 2021). Phonemic awareness (PA) is the ability to 

perceive the letter sounds that compose spoken words. Researchers have separated PA into two 

categories of tasks. Advanced PA skills describe the ability to manipulate the sounds of a word 

by deleting (e.g., say cat without saying /c/), substituting (e.g., say cat but instead of /c/ say /b/), 

or reversing them (e.g., say /k/i/n/k/i/p/ backwards). These skills extend upon basic PA skills 

which involve phoneme identification, blending phonemes to create words, and segmenting 

words into phonemes. Both Basic and Advanced PA tasks are verbal and disconnected from text. 

Some of the most widely used reading curricula in the country emphasize Advanced PA skills 
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(e.g., Kilpatrick, 2015; Literacy Resources, 2023), whereas others stop after Basic PA 

(University of Florida Literacy Institute, 2023). Scholars who promote the value of Advanced 

PA skills argue that they are crucial for increasing the speed at which readers can read connected 

text (Kilpatrick & O’Brien, 2019). They contend that Advanced PA skills are particularly 

valuable for struggling readers who benefit from this additional working knowledge of phonemic 

awareness (Kilpatrick et al., 2022). This emphasis for struggling readers makes this debate a 

relevant empirical question for tiered interventions which schools use to support student who 

need additional support beyond standard classroom instruction. 

Recently, critics of Advanced PA skill training reviewed the evidence base supporting 

their utility. Clemens and colleagues (2021) argued that Advanced PA skills do not benefit 

readers more than do Basic PA skills, which readers often learn before they are developmentally 

able to access text. Their review further summarized that evidence cited in support of Advanced 

PA instruction was either non-experimental or did not directly examine Advanced PA skills. 

Without evidence for the efficacy of Advanced PA, Clemens and colleagues (2021) concluded 

that precious instructional time would be better spend focusing on text-based phonics instruction. 

Other research teams also concluded that phonemic awareness instruction complements early 

learning of letter sounds and basic words that “unlocks” the text-based instruction from which 

students grow the most (Ehri, 2014; Perfetti, 2007; Student Achievement Partners, 2020).  

Statement of The Problem 

Both Clemens and colleagues (2021) and Kilpatrick et al., (2022) agree that, in line with the 

recommendations for building an evidence base called for in the Every Student Succeeds Act 

(ESSA; P.L. 114-94), experimental trials should test the role of Advanced PA in supplemental 

reading intervention. There has only been one experimental investigation of the effects of 
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isolated Advanced PA instruction (Coyne et al., 2021, as cited in Clemens et al., 2022). This trial 

examined universal (i.e., Tier 1) Advanced PA skill instruction among first grade students. 

Results indicated that students performed better on phonemic awareness measures when 

receiving this treatment, but no distal reading outcomes differed by group. No experimental 

studies have investigated the efficacy of Advanced PA instruction for older, struggling readers. 

The present study aims to fill this gap by conducting a rigorous quasi-experimental evaluation of 

Advanced PA instruction provided to second- and third-grade students who are receiving 

supplemental reading intervention due to concerns about their reading. In doing so, I evaluated 

the following research questions:  

1. Does Advanced PA instruction cause differences in reading fluency gains among second 

grade Tier 2 students when compared to text-based fluency intervention? 

2. Do second- and third-grade students receiving Tier 2 reading fluency intervention who 

also receive Advanced PA instruction take different amounts of time to meet intervention 

exit performance criteria than similar peers who receive only reading fluency focused 

intervention? 

3. Are there subpopulations of students who respond differently to fluency intervention with 

or without Advanced PA instruction? 
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Chapter II: Literature Review 

Background 

Thirty-seven percent of fourth grade students do not meet national standards for 

proficiency in reading, as of 2022 (U.S. Department of Education, 2023). This percentage has 

grown since 2015. In Wisconsin, the state in which the author resides, less than half of students 

in Grades 3 through 8 reach grade level proficiency standards in reading (Klingbeil et al., 2022). 

Educators must thoughtfully design instruction informed by both reading science and learning 

science for students with diverse ranges of reading skills. To accomplish the difficult task of 

simultaneously delivering individualized yet rigorous, systematic instruction, many school 

districts have adopted Multitiered Systems of Support (MTSS) as a model of academic service 

delivery (Jimerson et al., 2016; VanDerHeyden & Burns, 2010).  

Educators using MTSS differentiate instruction by partitioning instructional practices into 

three tiers. Tier 1 represents whole-school or whole-class instruction and is typically 

characterized as the curriculum and instructional practices used by teachers (Stoiber & Gettinger, 

2016). In MTSS, all learners participate in Tier 1 instruction, making this the most important and 

widely influential component of instruction. Tier 1 instruction in reading is intended to grow the 

reading skills of all readers and in turn must be differentiated enough for the weakest readers to 

avoid levels of challenge too difficult to learn from (Betts, 1946; Shapiro & Clemens, 2023). 

More explicit and individualized differentiation, however, comes at the second tier of MTSS.  

Tier 2 is designed to offer supplemental instruction and practice for students who are ‘at-

risk’ of academic skill problems (Stoiber & Gettinger, 2016; Wanzek et al., 2016). Tier 2 

interventions aim to help students who demonstrate some academic skill deficits reach grade 
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level expectations. Many Tier 2 interventions use the same effective instructional practices used 

in Tier 1, allowing students extra practice opportunities and additional exposure to direct 

instruction.  In well-designed MTSS, students in Tier 2 receive targeted instruction for 30 

minutes three-to-five times per week in addition to Tier 1 instruction and eventually develop 

sufficient skills to be successful in Tier 1. If Tier 2 interventions are unsuccessful, then students 

receive even greater levels of support at Tier 3. Tier 3 supports are more robust and resource 

intensive than Tier 2. These supports are reserved for the smallest subset of students whose skill 

deficits are more intensive and need more than the moderate level of support provided at Tier 2 

(Fuchs et al., 2012).  

Sound MTSS structures aim to serve not only as instructional and intervention delivery 

models, but also as a prevention focused approach to education (Fuchs et al., 2012; Stoiber & 

Gettinger, 2016). MTSS aims to prevent learning disabilities and other more intensive challenges 

before they occur by encouraging schools provide additional supports for struggling students 

before significant skill deficits (1 or more grade levels) become intractable. Of course, learning 

disabilities are not entirely due to insufficiently intense instruction and some students who 

participate in MTSS will still be referred for special education. However, the intention is that 

these students will have already received months or years of increasingly intensive and 

personalized supports by the time of referral, attenuating at least in part their skill deficits. 

Evidence also favors using students’ lack of response to intervention as a decision-making tool 

for learning disability identification (Kovaleski et al., 2022; Maki & Adams, 2020). Evidence-

based and efficacious MTSS interventions are critically important for ensuring that students can 

(a) successfully exit additional supports as quickly, and (b) avoid unnecessary referrals to special 

education (Jimerson et al., 2016; VanDerHeyden & Burns, 2010). Despite the crucial role of 
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evidence-based instruction across all three MTSS levels, the most popular instructional strategies 

most have long lagged behind those recommended by the research community.  

 Recent media attention has spotlighted this deep gap between scientific findings and 

existing reading instruction practices (e.g., Hanford, 2022, Closson, 2023). Although research 

consensus formed around the importance of phonics-based approaches to reading instruction 

some twenty years ago (National Reading Panel, 2000; Rayner et al., 2002), whole-language 

approaches that minimize instruction of students’ letter-sound skills have remained widespread 

(Castles et al., 2018). Experimentally, phonics-based approaches to reading instruction have 

outperformed whole-language approaches for increasing young students’ reading performance 

with near universality across settings and contexts (Ehri, 2001; Machin et al., 2016; Rose, 2006; 

Torgerson et al., 2006; Wyse & Styles, 2007). State legislative bodies have in turn enacted 81 

pieces of legislation aimed at standardizing and improving reading instruction between 2019 and 

2022 (Neuman et al., 2023). Many of these legislative acts mandate that school districts select 

from a pool of approved phonics-based programs or curricula.  

Phonics-based instruction is not monolithic; however, and valid debates remain lively 

(e.g., Pearson et al., 2020; Peng & Goodrich, 2020; Shanahan, 2020). Consequently, curriculum 

vendors differ dramatically in the scope and sequence of their reading programs (Petscher et al., 

2020). The heterogeneity of phonics-based approaches creates a new problem for policymakers 

seeking to revitalize reading instruction: how can educators choose necessary and effective 

reading programs within the broad category of ‘phonics-based’ instruction? Many modern 

approaches to reading instruction fall under the umbrella of ‘phonics’, though they may lead to 

wholly different instructional decisions (Petscher et al., 2020). Rather than summarize the 

considerable number of theoretical models on which these instructional programs are based, I 
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summarize only a cross-section of models most relevant to the present study. Given that the 

present study examined intervention effects on students’ oral reading of connected text, I will 

summarize influential models that emphasize word reading processes rather than later developed 

skills like comprehension. For example, the popular and robustly supported Lexical Quality 

Hypothesis describes word reading processes but focuses more on predictions of – and solutions 

for – understanding written text (Perfetti & Hart, 2002).  

Key Terms in Early Literacy 

Phonics-based instruction, in its broadest sense, can describe any method in which 

instructors explicitly teach students the smallest units of sound in the English language called 

phonemes and their corresponding graphemes (i.e., the smallest units of printed text; Ehri et al., 

2001). More specifically, phonics is defined by the National Reading Panel as the skills that 

involve learning the alphabetic system, and how letter sound-correspondences can be applied to 

read and spell words (National Reading Panel, 2000). Any English word can be broken down 

into a sequence of pronounced phonemes (this is what phonetic spelling represents) or 

graphemes (this is what spelling represents). Most of the 44 phonemes found in English are 

sounds made by single letters (e.g., the s in sail, the e in bet) or by blending two letters (e.g., the 

ow in cow, the ph in phoneme; Shapiro & Clemens, 2023). 

Phonemic awareness (PA), in contrast, is the specific ability to hear or perceive these 

small subcomponents of words without referencing their graphemes. PA skills are critically 

important for early readers (National Reading Panel, 2000). One example of a PA skill is 

blending the verbal phonemes /c/, /a/, and /t/ to say the word “cat” (Kilpatrick, 2022). For an 

instructional example, kindergarten students may listen to a teacher verbally present list of letters 

and respond by calling out each letter’s sound. Alternatively, students may call out each letter’s 
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sound when a teacher writes several letters on a board. The former example is phonemic 

awareness skill practice, while the latter is graphophonemic practice due to the inclusion of the 

printed letters (i.e., graphemes) that represent the sounds.  

Typically, the earliest readers begin their learning careers with Basic PA instruction 

before transitioning to graphophonemic instruction, at which point they practice identifying 

phonemes based on their graphemes: the earliest approximation of reading (Ehri, 2020; 

Kilpatrick, 2022). Phonics instruction often includes little PA training beyond early years (e.g., 

Kindergarten), opting instead for graphophonemic instruction once readers begin to form strong 

letter sound correspondences (National Reading Panel, 2000). Although multiple graphemes can 

refer to the same phoneme (e.g., the s in sail is the same sound as the c in cinder), and the same 

grapheme can refer to multiple phonemes (e.g., the o in jog sounds different than the o in cone), 

understanding the general rules that relate graphemes to phonemes is sufficient to read a large 

percentage of English words (Byrne & Fielding-Barnsely, 1989; Castles, 2009; Ehri, 2020). 

When students apply this knowledge of grapheme-phoneme correspondence to read a word by 

sounding out its phonemic units they use the skill of decoding – the act of using graphophonemic 

linkages to read written words (Gough & Tunmer, 1986; Perry et al., 2007). Decoding is among 

the most critical skills for early readers (e.g., Lonigan et al., 2018; Florit & Cain, 2011; Hoover 

& Gough, 1990) and I describe this skill and its importance in greater depth when summarizing 

models of reading development below.  

One skill complementary to decoding is that of orthographic mapping (OM). OM is the 

process by which written words are consolidated to memory to be read instantly from sight 

without relying on decoding (Ehri, 2005; 2014; 2020). Occasionally, the act of using OM to read 

is referred to as sight word reading. OM is an important conduit towards reading comprehension. 
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When students read words instantly, they expend neither time nor effort decoding words by their 

component sounds and can spend this effort and time comprehending the content of what they 

read (Ehri, 2005; 2020; LaBerge & Samuels, 1974; Shapiro & Clemens, 2023).  In order to read 

automatically using OM, however, students must progress through a hierarchy of reading skills 

from letter-sound correspondence to decoding. Students who read words by sight before 

developing sufficient alphabetic or decoding skills are likely to struggle to read novel words 

independently (Castles & Nation, 2010; Torgesen, 2002). Many theories and models of reading 

seek to describe and explain necessary and sufficient skills for successful independent reading.  

Simple View of Reading  

The Simple-View of Reading (SVR) is among the most longstanding theories of reading 

development, as it was among the first to challenge the presumption that reading was a simple 

“psycholinguistic guessing game” (Goodman, 1967, pp. 126). The SVR asserts that reading 

comprehension is the product of word reading skills and linguistic comprehension (Hoover & 

Gough, 1990). Word reading most often refers to decoding, which describes students’ ability to 

use their knowledge of letter-sounds (i.e., phonemes) to sound-out words. Updates to the SVR 

insist, however, that word reading is a broad category that can include skills like orthographic 

mapping (Duke & Cartwright, 2021; Tunmer & Hoover, 2019). Linguistic comprehension 

encompasses students’ ability to apply their understanding of language to extract meaning from 

words or phrases. Importantly, linguistic comprehension is an oral and audible skill, not a text-

based skill. Text represents only a symbolic representation or encoding of language; therefore, 

language or linguistic comprehension is dissociated from reading (Gough & Tunmer, 1986; 

Shapiro & Clemens, 2023). Students can hold excellent language comprehension skills such as 

listening comprehension without being able to comprehend what they read. When combined with 
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word reading abilities, however, excellent language comprehension skills will produce the act of 

reading and comprehension according to the SVR (Hoover & Gough, 1990). 

The SVR’s simplicity provides excellent communicability. The SVR provides a 

digestible, friendly, helpful framework for training professionals and stakeholders adjacent to 

reading science such as teachers, special education staff, and caregivers (Duke & Cartwright, 

2021; Kirby & Savage, 2008). The United Kingdom’s national reading curriculum is rooted in 

the SVR, and teachers are trained extensively on the model (Department for Education, 2023). 

The SVR also highlights the important idea that students do not struggle with reading 

comprehension. This premise leads to the instructionally critical conclusion that assessing and 

intervening upon students’ precursor skills will more effectively boost their distal reading 

comprehension abilities (Shapiro & Clemens, 2023; Lonigan et al., 2018). Two students with 

equally poor reading comprehension skills may benefit from dramatically different supports if 

one student has high linguistic comprehension and low decoding skills while the other is a strong 

decoder with minimal linguistic comprehension abilities.  

What the SVR lacks in complexity it makes up for in robustness; decoding skills and 

linguistic comprehension are inarguable precursors to and highly predictive of reading ability 

(Kendeou et al., 2009b; Lonigan et al., 2018). Linguistic comprehension and decoding skills 

have been shown to account for 85% or more of variance observed in reading comprehension 

among a large sample of late elementary students, for example (Lonigan et al., 2018). Other 

estimates, however, have been more modest (e.g., 72-85%, Hoover & Gough, 1990; < 62%, 

Tilstra et al., 2009). The robustness of the SVR is further strengthened by its flexibility across 

ages. The model’s original authors describe that the relative contributions of decoding and 

language comprehension may change over time (Hoover & Tunmer, 2018; 2022). For instance, 
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younger readers may have little decoding skills to rely on, while more advanced readers with 

years of decoding practice are unlikely to be limited by these skills. Meta-analytic evidence 

supports this theoretical position. Decoding more strongly predicts reading comprehension than 

does language comprehension among early readers, but the opposite is true for advanced readers; 

reading comprehension outcomes for students with more years of reading instruction are better 

predicted by their linguistic comprehension abilities (Florit & Cain, 2011; Lonigan et al., 2018). 

In fact, Lonigan and Burgess (2017) found that decoding skills and reading comprehension skills 

produce only a single reading factor until third grade, at which point the two skills become 

distinct and linguistic comprehension begins to limit reading skills. These finding highlights not 

only the importance of early decoding skills, but also the multiplicative relationship of the SVR. 

Starting from zero, decoding skills will drive the most impactful changes in early reading ability 

(i.e., the gains from a multiplicative factor of 1 vs 0, are more consequential than those from 4 vs 

3).  

 The independence of decoding and language comprehension as predictors also changes 

with age or reading experience. Kendeou et al. (2009a) found that oral language was highly 

correlated with decoding skills (r = 0.53) in a sample of pre-Kindergarten students. However, the 

two variables were minimally related only one year later, in the same sample of then-

Kindergarten students (r = 0.17). In a separate sample, the relationship dropped further by 

second grade (r = 0.11). Despite the decreasing collinearity of the predictors, oral language skills 

and word identification both remained highly predictive of reading comprehension in Grade 2. 

Contrarily, factor analysis of elementary students’ reading performance shows that more 

variance in reading comprehension outcomes is explained by shared variance between decoding 
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and linguistic comprehension factors than by each factor’s unique variance (Lonigan et al., 

2018).  

The Less Simple Views of Reading 

The robustness, influence, and utility of the SVR cannot be understated. Even so, its 

authors and critics alike agree that the view is incomplete, and that more ingredients contribute to 

reading outcomes than just decoding and linguistic comprehension. Rather than start from 

scratch, updated and expanded models have been proposed by the authors (Tunmer & Hoover, 

2019) and independent research teams (e.g., Duke & Cartwright, 2021). The cognitive 

foundations framework expands upon the original SVR by further subdividing the two skills 

contributing to reading comprehension. As shown in Figure 1, the cognitive foundations 

framework authors specified a hierarchy of cognitive skills necessary to produce the acts of word 

reading and linguistic comprehension. This update acknowledged the complexity and 

multifaceted nature of each reading subskill underscored by intervening years of research (e.g., 

Aaron et al., 2008; Kim, 2017; Seidenberg, 2017). The cognitive foundations framework, like its 

inspiring SVR, outlines increasingly specific and hierarchical assessment and instructional 

targets. Although the authors are clear to note that the hierarchy of skills is not linear, instructors 

can further decompose students’ difficulties in word reading to perhaps a strength in letter 

knowledge but a relative weakness in phonemic awareness. To this end, the cognitive 

foundations framework seldom departs from the SVR except to guard against critiques related to 

oversimplification of the reading process. 

The Active View of Reading differs substantially in the scope of its updates to the SVR. 

The Active View of Reading offers predictions and mechanisms as opposed to simply accounts 

and frameworks (Duke & Cartwright, 2021). Beyond offering more predictability and empirical 
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testability, the Active View proposes additional factors that contribute to reading skill 

development. Namely, the Active View distinguishes between the unique and shared variance of 

word reading and linguistic comprehension by outlining skills which are unique to each category 

and shared between the two categories. For instance, phonics knowledge is a skill strictly related 

to word reading, verbal reasoning is solely descriptive of linguistic comprehension, but 

vocabulary knowledge is related to both word reading and linguistic comprehension. The Active 

View also posits that cognitive processes such as executive function, self-regulation, or 

motivation drive activation of reading specific processes. The model, reproduced in Figure 2, 

begins with cognitive processes related to active self-regulation and motivation, which drive 

students’ engagement with reading activities and stimuli as well as their subsequent activation of 

reading specific cognitive processes. From there, the model proceeds through each of the three 

reading subskill categories (word reading, linguistic comprehension, or skills shared by both) 

towards the outcome of incorporated reading. The original authors of the SVR quickly criticized 

the Active View for its lack of empirical evidence as well as its de-emphasis of key reading skills 

such as listening comprehension (Hoover & Tunmer, 2022). In the years since the Active View 

was first proposed, a component meta-analysis has preliminarily supported the correlative links 

among pathways within the model (Burns et al., 2023). In addition, two experimental studies 

have successfully demonstrated causal links between cognitive flexibility and reading 

comprehension (Hund et al., 2023) and that semantic verbal fluency mediates the relationship 

between achievement goals and reading comprehension (Cho et al., 2023).  

The Direct and Indirect Effects model of Reading (DIER; Kim, 2020a) is another newer 

theoretical model that, like the Active View, includes executive function and general cognitive 

processes as upstream determinants of reading (Kim, 2020b). The DIER differs from the Active 
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View however in several key ways. First, the hierarchical skill level immediately after cognitive 

and executive function skills mirrors the skills emphasized by the SVR: word reading and 

listening comprehension (Hoover & Gough, 1990). Kim (2020b) expanded upon the SVR by 

specifying subskills within these two categories. Under the umbrella of word reading, DIER 

highlights the classical cognitive psychological triangle of orthography, phonology, and 

morphology (Plaut et al., 1996; Seidenberg & McClelland, 1989) as underlying the skill of word 

reading. Orthography and phonology will be familiar to the reader; phonology refers to 

component sounds of words and orthography refers to component letters that represent the 

sounds (i.e., graphemes and phonemes; Ehri, 2020). Morphology refers to small, but meaningful 

units within words. Morphemes can take the form of suffixes, prefixes, or roots of words and 

serve as an intermediary unit between graphemes or phonemes and entire words.  

Under listening comprehension, DIER places foundational oral language skills beneath 

higher order cognitive and regulatory skills such as reasoning and perspective taking. These 

higher order skills are absent from the SVR, Active View, and cognitive foundations framework 

(Duke & Cartwright, 2021; Hoover & Gough, 1990; Tunmer & Hoover, 2019). Uniquely, text 

reading fluency, the act of reading efficiently, expressively, and accurately, connects students’ 

word reading and linguistic comprehension skills to their reading comprehension.  

Text reading fluency is a robustly predictive measure of many reading and other 

academic outcomes widely used in schools as a benchmark measure for assessing academic 

proficiency (Kilgus et al., 2014; Kim et al., 2014; 2021). The research on text reading fluency is 

so broad, its absence as either a predictor or outcome from other models is notable. Text reading 

fluency falls under the category of word reading in the original Simple View of Reading, 

however, later studies found that the skill was unique enough to merit its own distinction (Wolf 
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& Bowers, 1999). Research has noted that the more fluently students can read, the more 

cognitive resources they can devote to cognitive skills crucial to meaning making and 

comprehension such as reasoning or connecting to background knowledge (LaBerge & Samuels, 

1974; Young & Rasinski, 2009). In the highest level above the intermediary text reading fluency, 

DIER places the outcome of reading comprehension alongside other factors influencing reading 

outcomes directly including background knowledge and social emotional characteristics like 

motivation, self-beliefs, and attitudes towards learning (Kim 2020a; 2020b).  

What sets DIER apart from other models is not only the addition of additional and 

specific skills and precursors, but the path of relationships throughout the model. As opposed to 

proceeding linearly from subskill to outcome, DIER proposes that all skills and outcomes are 

dynamically and hierarchically related. Increasing mastery of lower-level skills (e.g., 

orthographic knowledge) improves performance on higher-level skills (e.g., text reading fluency) 

which then reciprocally influences other factors such as increasing self-efficacy and motivation 

to read, absorbing novel background content, and practicing vocabulary. Tunmer and Hoover 

(2019) discussed similar Matthew effects when updating the SVR to the cognitive foundations 

framework but describe them strictly as a cyclical process in which practice opportunities 

strengthen skills and beget further practice opportunities. However, the reciprocal and dynamic 

interrelations among skills proposed in the DIER are not strictly cyclical but instead resemble a 

spreading activation model of performance. As such, DIER can acknowledge correlations 

between word reading and listening comprehension without undermining their independence, for 

example. These mutually upregulating or downregulating systems also highlight the 

heterogeneity among early readers that models like the SVR failed to capture. It can be true that 

word reading and listening comprehension skills highly predict reading comprehension, and that 
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students with strong skills will seldom perform up to their predicted level in the absence of 

sufficient attentional control, for example (Burns et al., 2023; Kim, 2020b).  

Evidence supports the unique interrelations put forth by DIER. Students assessed on a 

battery of reading and cognitive skills in second and fourth grade showed several pathways 

through which reading subskills were related to reading outcomes. Using structural equation 

modeling, Kim (2020b) found that word reading and listening comprehension directly predicted 

reading comprehension, while other cognitive skills such as attention and working memory 

affected reading mostly indirectly, through either listening comprehension, word reading or both. 

Interestingly, when phonological, orthographic, and morphological skills were not assessed, the 

remaining cognitive and linguistic precursor skills explained only small proportion of word 

reading variance. Word reading, clearly, is much more an independent function of its subskills 

including phonemic awareness. Further, the relative contributions of word reading and linguistic 

comprehension changed over time, as had been observed in prior studies of the SVR (e.g., Florit 

& Cain, 2011; Lonigan et al., 2018). Word reading skills were less related to reading outcomes 

among fourth grade students than among second grade students. This finding is instructionally 

relevant, such that advanced readers who demonstrate reading difficulties may be better served 

by interventions targeting linguistic comprehension or its subcomponents.  

Models of Reading Skill Development 

The SVR, Active View, DIER, and cognitive foundations framework models all offer 

accounts of reading that are ingredient-based as opposed to developmental in nature. In essence, 

the outcome of reading is determined by the simultaneous relative values of all precursors. These 

models are useful in explaining and assessing observable reading performance. Other accounts of 

reading performance are developmental and longitudinal in nature. One influential example is 
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Ehri’s Four Phases model (Ehri, 2005). Ehri’s model builds on prior developmental models 

which outline many of the same skills influential to models described above but describe their 

origins and influences as developmental rather than componential in nature. Development 

models preceding the Four Phases model frequently delineated developmental stages based on 

distinct actions, behaviors, or skills common to each stage. For instance, Marsh and colleagues 

(1981) proposed that students use different forms of guessing when beginning to read: linguistic 

or discrimination guessing. A sharp transition divides the next stage in which students 

systematically apply decoding skills to read words.  

Ehri’s (2005) Four Phases model blurs these discontinuous transitions by positing phases 

that exist along a spectrum. That is, phases are determined by the degree to which readers 

demonstrate understanding of the alphabetic system, rather than some categorical groups of skills 

employed. The earliest phase is the pre-alphabetic phase. The degree to which readers 

understand the alphabetic system is minimal in this phase. Written letters represent little more 

than visual symbols at this phase and in turn students rely predominantly on visual cues to “read” 

words. Visual cues may be salient first letters, environmental associations (e.g., the McDonalds’ 

M), or even irrelevant paired stimuli (Ehri, 2005; 2020). Students at this phase who were taught 

to read a simple word that was displayed alongside a thumbprint, vocalized the word they were 

taught when they saw the thumbprint alone or next to a different word (Gough et al., 1992). This 

holistic approach to reading words means that because students do not conceptualize letters as 

components, they lack the ability to form letter-sound relationships in this phase.  

The first transition from the pre-alphabetic to partial-alphabetic phases, then, is marked 

by a difference of degrees; students flow into the partial-alphabetic phase as they acquire some 

degree of understanding of the alphabetic system. Some of the earliest skills acquired on 
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students’ path to understanding the alphabetic system are letter naming and letter sound 

identification. Without yet developing a full degree of understanding, students still rely partially 

on visual cues. In this case, a common cue is the first letter of a word. Errors are still common, 

but errors that misidentify the first letter of a word are less so. This trend led to the development 

of a common measure of early reading known as first sound fluency (Cummings et al., 2011) in 

which readers identify the first sound of each word in a list. Despite this inordinate emphasis on 

initial sounds, students that know more letter sounds at this stage can start to identify 

rudimentary combinations of letter sounds; letters do mean more to students than mere visual 

symbols at this point. In a classic example, students at this stage more readily accept and learn to 

read strings of letters that phonetically represent, simplistically, a target pronunciation. When the 

pronounced word ‘giraffe’ was taught to be spelled as JRF or wBc, students at this phase made 

fewer mistakes and demonstrated faster learning for the JRF spelling. Crucially, students with 

pre-alphabetic knowledge more easily learned the wBc spelling, due to its high degree of 

visually salient uniqueness (Ehri & Wilce, 1985; Roberts, 2003). 

It is easy to mistake these partial-alphabetic skills of mapping letters to their 

corresponding sounds for decoding abilities. However, partial-alphabetic readers stumble over 

the similarities among written words. Students who attend eagerly to beginning and final letters 

are likely to succeed at reading a word such as ‘deem’, but also say ‘deem’ when reading words 

like ‘dream’, ‘drum’, or ‘dim’ (Ehri, 2020). In the partial alphabetic stage, readers 

probabilistically guess that the grapheme ‘d’ takes on its most common phoneme ‘dee’. The 

nuance required to understand that combining phonemes modifies their pronunciations does not 

develop until the full-alphabetic phase. At this phase, readers are able to accurately decode 

components of words above and beyond their initial and final letters. Full-alphabetic readers 
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better recall the middle letters used to spell words than do partial-alphabetic readers (Ehri & 

Wilce, 1987). Furthermore, they can distinguish between increasingly similar words with 

granularity. Although a partial-alphabetic reader may confuse deem and dream, a full-alphabetic 

reader will succeed in blending the ‘d-‘ and ‘r’ phonemes to decode the correct word. Two main 

challenges face students throughout this phase of largely successful reading. First, decoding is 

not a rapid enough process to facilitate fluent sentence or passage reading. Decoding an 

individual word takes significantly more time and effort than retrieving it from memory 

(Samuels, 1976; Stanovich, 1981). Therefore, readers at some point must begin to store words in 

their memory to be identified much more immediately by sight (Ehri, 2005). This need outlines 

why higher order cognitive skills like rapid automatic naming and working memory are 

considered by many other models and scholars as important precursors to reading (Denckla & 

Rudel, 1976; Landerl et al., 2019). The second main challenge, relatedly, is that many English 

words do not adhere to the phonemic decoding principles that guide so much early reading 

growth (Frost et al., 1987). This is another problem that can only be solved by incorporating 

these words into memory, a key focus for much vocabulary and explicit sight word instruction 

(Ehri, 1997).  

A bridge exists, though, between decoding and more fluent reading. Many English words 

need not be decomposed into its strictly phonemic components but rather into recurring and 

meaningful blocks of phonemes called morphemes (Carlisle & Stone, 2005; Ehri, 2005). 

Although still decoding effortfully, students can decode more quickly when dividing words into 

commonly read syllables like -ike, -ing, -ully, -ents, and -ly (Ehri, 2020). All of these 

morphemes can be found in the prior sentence, to give a sense of their ubiquity. It is this 

progression into decoding-by-chunks that defines the final consolidated-alphabetic phase. 
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Readers have already mastered phonemic awareness skills at this phase and therefore gain little 

additional new knowledge about letters or phonics henceforth. Rather, the biggest gains that 

readers achieve throughout this stage come from increasing the speed at which they can decode 

and read words. Decoding by morphemes is one way to increase this speed (Bowey & Hansen, 

1994; Ehri, 2020). However necessary, decoding is not sufficient to facilitate passage reading, 

even in the original SVR (Hoover & Gough, 1990).  

Ehri’s Four Phases model is a theory of sight word reading (Ehri, 2005). Learning to read 

sight words through the developmental progression posited above is a crucial step towards 

increasing the automaticity and immediacy with which readers can recognize these words. Word 

recognition is dangerous during early reading, when readers are relying on visual cues unrelated 

to graphophonemic linkages. Students trained to recognize words before they have sufficient 

phonemic awareness are likely to demonstrate low abilities to decode novel words correctly 

(recall the deem/dream example; Metsala & Ehri, 2013; Skinner & Daly, 2010). However, word 

recognition that follows only after the development of high levels of phonemic awareness is a 

crucial skill that allows readers to rely predominantly on recognition for effortless, rapid reading 

and pause only when necessary to decode novel or challenging words (LaBerge & Samuels, 

1974; Ehri, 2020). This consolidation of familiar words to memory is called orthographic 

mapping (Ehri, 2014). When readers view a word that they have read before and instantly read it 

from memory without (a) using decoding skills, (b) confusing it with other similar words, or (c) 

expending effort, they have previously orthographically mapped that word into their memory 

(Metsala & Ehri, 2013). Orthographic mapping is the advanced form and the goal of 

graphophonemic linking; mapping occurs only when students have sufficient knowledge of the 

components of words (graphemes and phonemes) to store the spellings effortless as 
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pronunciations. Despite serving as a goal, orthographic mapping occurs throughout reading 

development. In early literacy, readers map simple letters to basic phonemes, and construct an 

ever-increasing repertoire of instantly available phonemes, syllables, and pronunciations 

activated when viewing graphemes, morphemes, and words.  

Determining the Instructional Focus 

The science of reading instruction intersects importantly with learning science. 

Throughout periods of learning, students’ growth can be accelerated by targeted instruction that 

emphasizes certain subskills (e.g., letter sound correspondence or morphological decoding) or 

that emphasizes certain instructional formats (e.g., immediate error correction or delayed error 

correction; Daly et al., 1996). These instructional modifications show temporal effects across a 

range of skills; specific subskills and instructional formats are more effective at different points 

in the learning process (e.g., Maki et al., 2021; Szadokierski et al., 2017).  

The Instructional Hierarchy (IH; Haring & Eaton, 1978) provides a useful heuristic for 

describing temporal effects observed in the efficacy of specific instructional emphases. This 

heuristic is useful for its linkage of assessment to intervention. Information about a students’ 

level of performance can inform decisions about likely effective instructional strategies. The IH, 

reproduced visually in Figure 3 below, outlines four broad stages through which students 

proceed when learning a new skill. The earliest of these stages is the acquisition stage. Students 

in this stage demonstrate a goal skill slowly, and inaccurately. For a relevant, running example, 

learners in the acquisition stage of passage reading will read text with pauses and effortfully 

decoded words, identifying more than 10% of words incorrectly (Parker & Burns, 2014; Shapiro 

& Clemens, 2023; VanDerHeyden & Burns, 2010). Students benefit the most from expert 
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modeling (e.g., listening to advanced readers), explicit instruction (e.g., teacher directed 

learning), and immediate error correction throughout this stage of the IH.  

When students begin to demonstrate a skill with greater accuracy, but still slowly, they 

have entered the proficiency or fluency stage. The level of accuracy necessary to be confidently 

into the fluency stage varies by the type of skill. Eighty percent accuracy is sufficient for 

students to be identified as in the proficiency stage for discrete, problem-solving skills like math-

computation (VanDerHeyden & Burns, 2010). However, for more continuous skills like passage 

reading, consensus recommendations fall between 90% and 93% (Parker & Burns, 2014). Within 

the fluency stage, students benefit from independent practice and extended practice with new 

material. Importantly, since the goal of this stage is to increase the speed at which students can 

demonstrate skills accurately, students benefit more from delayed error correction that does not 

interrupt their practice. The skills that students practice in this stage are more related to speed 

and fluency themselves than to the skill, and therefore feedback should focus less on accuracy 

but on speed of responses. Continuing the example of passage reading, students in the fluency 

stage of passage reading should be encouraged to read independently and, when observed, 

should be praised only at the end of a passage or book. Instructors can deliver corrective 

feedback at that point as well, encouraging students to re-read words that were pronounced 

incorrectly.  

One example of a popular reading intervention for students in the fluency stage is the 

Helping Early Literacy with Practice Strategies (HELPS; Begeny et al., 2010) program. In this 

program, students experiencing delays in reading fluency read an appropriately matched passage 

aloud. After this, an instructor reads the passage aloud before the student reads the story in its 

entirety for the second time. After this second read, the instructor picks three to five sentences in 
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which the student made an error or read slowly and encourages the student to read each sentence 

aloud three to five times providing any error correction at the end of each sentence. After this 

practice, students read the full passage for a third and final time and are praised for their speed.  

After students can comfortably demonstrate a target skill quickly and accurately, they 

enter the generalization stage at which point they can continue to demonstrate their skills quickly 

and accurately on new and increasingly difficult stimuli (Daly et al, 1996). Students at this stage 

still benefit from independent practice, but also from discrimination training in which they learn 

more granular rules, and applied practice in which they complete problems in real world contexts 

(e.g., math word problems). Regarding passage reading, generalization stage readers can 

reinforce their skills by reading passages of gradually increasing length and complexity, learning 

new vocabulary along the way (Haring & Eaton, 1978; Skinner & Daly, 2010).  

The final stage is the Adaptation stage. In the adaptation stage, students learn how and 

when to break the guiding rules that shaped their early instruction. Students at this stage also can 

devote the precious cognitive resources previously depleted by effortful skill demonstration 

towards learning from and problem solving with their new skill. Readers at this adaptation stage 

can increasingly learn from what they read and answer complex questions about inferences from 

the text. Careful readers will note similarities between this stage of the IH and the consolidated 

alphabetic phase of Ehri’s Four Phases model of sight word reading (Daly et al., 1996; Ehri, 

2005). Readers in the adaptation stage, like those in the consolidated-alphabetic phase, may learn 

new rules for breaking apart words and decrease their reliance on laborious and deliberate tools 

like decoding in favor of automatic sight word recognition.  

A crucial extension of the IH is the recognition that the act of reading comprises many 

discrete skills each with its own path towards skill development. Early readers, then, may exhibit 
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a profile of skills simultaneously distributed throughout the stages of the IH. For instance, 

students may possess letter sound skills at the generalization stage but decoding skills in the 

acquisition stage (Daly et al., 2005). In fact, due to the sequential nature of reading subskills, it is 

likely that when students enter the fluency stage for a given subskill, they begin to progress 

through the acquisition phase for the subsequent skill. The DIER makes similar predictions about 

the sequential and hierarchical nature of reading skills. As readers develop mastery of early skills 

like letter-sound correspondence, they dramatically increase their access of more complex 

stimuli to begin to learn higher order skills like orthographic mapping from (Kim, 2020a; 

2020b).  

The models of reading and instructional sequencing described above make the same 

prediction that reading instruction should be appropriately sequenced to focus on relevant 

challenges that limit the ceiling of blossoming readers’ abilities (Burns, 2007; Ehri, 2020; 

Lonigan et al., 2018; Shapiro & Clemens, 2023; VanDerHeyden & Burns, 2010). Instruction that 

is too challenging (Frustrational), perhaps targeting skills that are too advanced, would interfere 

with students’ ability to learn from their experiences as the gaps between their already mastered 

skills and the frustrational skills would be too large to sustain and maintain. Instruction that 

focuses on skills already mastered by students is unlikely to promote reading skill gains because 

these skills that students can demonstrate with ease are not the skills limiting their reading 

performance (Burns, 2007; Daly et al., 2005). Careful attention to instructional sequencing is 

important as schools have limited resources to provide time, staff, and space for delivering tiered 

interventions in MTSS (Freeman et al., 2015). Instruction that is inappropriately sequenced, 

much like interventions that are not evidence based, inappropriately consumes precious school 

resources without benefitting students. Students also experience consequences. Tier 2 or 3 
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instruction that is poorly sequenced, mis-targeted, or non-evidence-based will be unlikely to 

prevent undue referrals to special education or the formation of large skill gaps (Hudson & 

McKenzie, 2016; VanDerHeyden et al., 2014).   

Competing Instructional Targets 

As previously mentioned, disagreements still exist within the body of phonics research 

(e.g., Pearson et al., 2020; Peng & Goodrich, 2020; Shanahan, 2020). These disagreements 

interfere with practitioners’ ability to be confident that they are providing evidence-based and 

appropriately sequenced instruction. One disagreement that particularly confounds instructional 

sequencing is the role of advanced phonemic awareness (Advanced PA) skills. Recall that 

Advanced PA skills refer to the class of verbal and audible skills involved in manipulating, 

changing, subtracting, or reversing phonemes within words.  Kilpatrick (2015; 2020b) argues 

that Advanced PA skills are likely to benefit struggling readers across elementary grades. 

Though strong evidence exists for the use of basic PA skills (phoneme blending or segmenting) 

among Kindergarten and first grade students (National Reading Panel, 2000), generalization to 

older students is largely theoretical. Kilpatrick draws on Ehri’s (2005; 2020) model and its 

emphasis on letter sound awareness as a precursor to the consolidation of sight words to memory 

to infer that continuous improvement in phoneme analysis will yield continuous improvement in 

automatic reading (Kilpatrick et al., 2022; Kilpatrick & O’Brien, 2019). Specifically, Kilpatrick 

theorizes that advanced phonemic awareness skills like substitution or elision substantially 

increase readers’ phonemic and morphemic proficiency, enabling them to represent larger sound 

or word units more easily in memory (Kilpatrick, 2020b). A mechanistic diagram outlining this 

proposition can be found in Figure 4. Research indicating that Basic PA skills accelerate gains in 

reading interventions for struggling readers also offer some support for this hypothesis 
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(Kilpatrick & O’Brien, 2019; Torgesen et al., 2001; Truch, 1994). In line with this theory, two 

widespread Advanced PA intervention programs have been popularized throughout the country 

(Kilpatrick, 2015; Literacy Resources, 2023).  

Beyond representing words more easily, Kilpatrick claims that orthographic mapping 

requires advanced phonemic awareness skills (Kilpatrick, 2015). Kilpatrick frequently cites this 

concept of orthographic mapping (Ehri, 2005) as justification for the necessity of Advanced PA 

skill instruction. However, where orthographic mapping refers to the connection between 

phonemes and their graphemes, Advanced PA instruction emphasizes only phonemes with no 

text. One pioneer of orthographic mapping research highlights this disconnect directly when 

speaking about Advanced PA skills. Ehri clarifies that orthographic mapping revolves around 

graphophonemic connections that are formed and strengthened as students bond word spellings 

to pronunciations in memory (Parker, 2022). In describing her Four Phases model, Ehri goes on 

to note that her theory of alphabetic development refers more closely to the alphabetic 

connections (i.e., visual cues) students use. Indeed, the key difference between pre-alphabetic 

and partial-alphabetic readers was their choice of visual, not auditory, cues (Ehri, 2005; Gough et 

al., 1992). Ehri’s theory also progresses from letter sounds to consolidated syllabic sounds. This 

contrasts with Kilpatrick’s instructional guidance which encourages readers to begin with 

syllabic units before progressing to smaller phonemes (Kilpatrick, 2020a). 

Is Advanced PA Training Necessary? 

Advanced PA instruction was further thrust into debate by a recent critical review 

(Clemens et al., 2021). Clemens and colleagues (2021) narratively reviewed the evidence 

supporting Kilpatrick’s (2015; 2019) theory and the popularity of Advanced PA instruction more 

broadly (Literacy Resources, 2023). Importantly, the authors distinguish between arguments for 
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Advanced PA throughout ones’ reading development and the indisputable value of phonemic 

awareness for early reading and transitioning from letter knowledge to decoding ability. Several 

important challenges to the utility of Advanced PA instruction beyond as early literacy 

precursors are raised. 

Dissociations between Advanced PA skills and skilled reading. Kilpatrick’s central 

argument is predicated on the premise that Advanced PA skills will increase distal reading 

outcome measures (Kilpatrick & O’Brien, 2019). To accept this premise, there must be a 

relationship between these Advanced PA skills and reading performance. Clemens and 

colleagues (2021) provide evidence of the absence of this relationship across several contexts. In 

one study of students who scored high on measures of decoding, many scored low on measures 

of Advanced PA (Byrne & Fielding-Barnsley, 1993) while another study showed 31% of 

successful readers spanning multiple ages failed to surpass 50% on a measure of Advanced PA 

(Scarborough et al., 1998). This study summarized by Clemens et al., also demonstrated the 

inverse of Kilpatrick’s claim; once students reach a certain level of reading performance, their 

Advanced PA skills stagnate (Scarborough et al., 1998). This inverse relationship suggests at 

least one viably alternative pathway to successful consolidated reading other than through 

Advanced PA skills. Conciliatorily, basic phonemic awareness skills (e.g., blending, segmenting) 

robustly demonstrate large effect sizes for reading outcomes across meta-analyses, however, the 

Advanced PA skills demonstrate effect sizes less than half as large.  

Dissociations between poor Advanced PA skills and reading difficulties. The 

argument that Advanced PA skills improve skilled reading does not necessarily entail that poor 

Advanced PA skills will adversely affect reading. However, the proposition that Advanced PA 

skills represent a distinct and performance enhancing component of reading performance does 
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include the assumption that the absence of Advanced PA skills should be associated with 

attenuated reading outcomes. If this were not the case, Advanced PA skills could not be distinct 

from other, potentially unobserved skills that would better describe differences in reading 

outcomes. This is not the case, according to the research reviewed by Clemens and colleagues 

(2021). Though students with poorer reading performance also demonstrated poorer phonemic 

awareness skills, there were no differences in the type (e.g., basic vs. advanced) of phonemic 

awareness subskill (Melby-Lervag et al., 2012; Snowling & Melby-Lervag, 2016). This link was 

also not causal. Therefore, Advanced PA skills cannot be said to affect reading above and 

beyond basic PA skills, and evidence of the direction of this observed relationship is not clear.  

Limited evidence that Advanced PA skills generalize to distal outcomes. A primary 

critique offered by Clemens and colleagues (2021) is that little evidence exists to directly support 

the use of Advanced PA. Further experimental evidence must be collected prior to implementing 

interventions. Evidence that has been cited in support of Advanced PA, according to Clemens et 

al., is in fact inappropriately cited. The research in Kilpatrick & O’Brien’s (2019) review, for 

instance, is largely nonexperimental or designed without the intention of testing the causal 

effects of Advanced PA. Experimental research cited in support of Advanced PA has included 

Advanced PA training as one component of a multicomponent intervention package (Clemens et 

al., 2021). The only experimental trial to evaluate isolated Advanced PA instruction without text 

components found that although intervention students made significantly higher gains on 

proximal measures of phonemic awareness skills, no inter-group differences emerged for reading 

outcomes (Coyne et al., 2021). This crucial finding calls the direct relationship between 

Advanced PA and advanced reading skills into question.  



 30 

Evidence favors the use of text once readers can access it. Clemens and colleagues 

(2021) are careful to clarify that phonemic awareness practice, as outlined in both empirical 

studies and most models of reading development, is crucial during the early stages of reading 

development (Castles et al., 2009; Ehri, 2005; 2020; Shapiro & Clemens, 2023). However, once 

early readers begin to display decoding and reading abilities, their reading growth rate increases 

dramatically (Ehri, 2005), and this increase is strengthened from repeated opportunities to 

practice with reading. This is consistent with Ehri’s earlier emphasis on the role of 

graphophonemic, not just phonemic, connections (Parker, 2022). Phonemic awareness 

instruction can still occur in conjunction with graphemic instruction, but Clemens and colleagues 

conclude that Advanced PA without text is unnecessary. 

Clemens and colleagues (2021) summarize two key takeaways from their review of the 

Advanced PA literature. First, without clear evidence of the efficacy of Advanced PA 

instruction, students’ time would be better spent engaging in instructional practices with firm 

evidence bases tailored to their unique skill deficits. Resources necessary for providing reading 

interventions at school – like time and staff – are precious and should not be expended without 

evidence that the expenditure will produce benefits. Second, the researchers diplomatically 

remind readers that the ‘absence of evidence’ for Advanced PA does not mean that there is 

‘evidence of absence [of efficacy]’ for Advanced PA. All evidence-based interventions were at 

one point strictly theory-based ideas. Therefore, further research should directly examine the 

effect of Advanced PA instruction so that practitioners can make decisions with the best quality 

of evidence.  

A group of researchers in favor of the use of Advanced PA intervention produced a 

response to the Clemens et al, 2021) critique (Kilpatrick et al., 2022). This response argues that 
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Clemens and colleagues misrepresent citations and misunderstand central concepts in crafting 

their critique of PA. Among other procedural critiques, Kilpatrick and colleagues focus on the 

definition and role of orthographic mapping. This response paper claims that Clemens and 

colleagues (2021) conflated the definitions of orthographic mapping and decoding. Although the 

response paper draws a sharp distinction between the two concepts by arguing that PA skills 

undergird orthographic mapping but are unrelated to decoding, prior research does not draw such 

a distinction. In fact, models of reading describe the processes as complementary and sequential; 

as decoding fluency improves, orthographic mapping is facilitated (Kim, 2020a; 2020b; Metsala 

& Ehri, 2013). Kilpatrick and colleagues (2022) also contend that the Clemens et al. (2021) 

paper is misguided in its focus on typically developing readers. According to the response paper, 

advanced PA skill instruction is most appropriate for struggling readers less likely to develop 

orthographic mapping skills naturally. 

The response paper goes on to contend that this instruction is still valuable for struggling 

readers after first grade, and may help good readers too, “though not always necessary” (pp. 3). 

To make this claim, the authors describe four methods of making causal inferences that do not 

involve conducting controlled experiments. Though they do not provide a citation for these 

alternative pathways to causal inference, they implore the readers to search ‘John Stuart Mill’s 

causal inference’. Millsian causal inference does provide the logical bases for rigorous 

experimental evaluations of interventions. A popular textbook on statistical inference cites Mill’s 

theories (Shadish et al., 2002). However, Kilpatrick and colleagues use Mill’s original logic to 

argue that evidence need not have statistical analysis nor control groups to constitute sufficient 

causal evidence. This generous definition is inconsistent with modern understandings of causal 
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inference and policies defining what constitutes evidence in education (Imbens & Rubin, 2015; 

Shadish et al., 2002; What Works Clearinghouse, 2022).  

For instance, they compare two groups of two studies of reading intervention efficacy. 

One group of studies included phonemic awareness training while the other did not. According 

to the authors, “The only systematic difference between the two studies is the intensive 

phonemic awareness [sic]” (pp. 29). Kilpatrick et al., (2022) conclude that because the two 

studies including PA training found substantially larger reading gains than the two studies 

lacking PA instruction, Advanced PA instruction must be related to larger reading gains. 

However, this assertion ignores tremendous differences among the studies. The studies including 

Advanced PA training were published 10-20 years prior to the studies without Advanced PA. 

The population of students, as well as the rigor of statistical analysis, has changed dramatically 

over that time. Further, all four studies examine entirely different populations. One study 

includes only early elementary students with severe reading disabilities (Torgesen et al., 2001), 

another included middle school readers across skill levels (Vaughn & Fletcher, 2012), and 

another yet included participants ranging from school age to adulthood (Truch, 1994). This is not 

to mention differences in (a) intervention components, (b) comparison conditions, (c) outcome 

measures, and (d) settings (Amir-Behghadami & Janati, 2020).  

Despite the questionable reasoning used to dispute Clemens and colleagues’ (2021) 

review, the two groups agree on one issue. Kilpatrick and colleagues concede that little empirical 

evidence exists, currently, to support the use of PA instruction for good readers after first grade. 

The authors praise Clemens and colleagues’ for noting that the use of Advanced PA instruction 

in practice for older students is currently ahead of the research base. While Kilpatrick et al., 

(2022) argue that comparing certain components of prior studies is sufficient for concluding 
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causal inference, Clemens and colleagues (2021) call for further empirical research to be 

conducted. The present study aims to fill this gap in the literature by conducting an empirical 

investigation of the relative value of Advanced PA instruction among struggling readers above 

first grade.  

Purpose of The Present Study 

The purpose of this study is to investigate the incremental value of Advanced PA training 

for struggling readers in second and third grades. Second and third grade students who are “at-

risk” (i.e., Tier 2) for reading concerns likely have sufficient early literacy skills to read text but 

struggle to read quickly or accurately (Stoiber & Gettinger, 2016; Wanzek et al., 2016). 

Importantly, students warranting Tier 2 intervention should not be confused with students who 

demonstrate more intensive needs greater than one year behind expectations (i.e., Tier 3) or those 

who demonstrate characteristics of specific learning disabilities. Second and third grade students 

with more intensive needs may struggle to access text, and phonemic awareness training would 

benefit them as much as it would an early kindergarten reader who could not access text (Shapiro 

& Clemens, 2023). In contrast, we can examine the incremental value of text-based or sound-

based instruction among students demonstrating some risk in second and third grade who can 

access text. Among this group of students, Clemens and colleagues (2021) predict that text-based 

instruction would be sufficient with no additional benefit of Advanced PA instruction. Kilpatrick 

and colleagues’ (2022) argument suggests the opposite prediction.  

In this study, I use data from the Reading Corps program. Beginning in Minnesota, 

Reading Corps has now expanded to 13 states and D.C. Reading Corps partners with schools to 

provide targeted reading interventions for second and third grade students demonstrating the 
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need for additional reading support. In the following section, I describe the Reading Corps 

program and the general intervention procedures.  

Overview of Reading Corps  

Reading Corps is an Americorps service branch that provides high-quality literacy 

intervention in schools for students in Kindergarten through third grade. Reading Corps tutors 

are Americorps members trained specifically to deliver literacy interventions and dramatically 

expand school service capacity by providing valuable instruction for large numbers of at-risk 

students without depleting existing school resources (Markovitz et al., 2022). Tutors are 

supported by a site-based literacy coach and a Reading Corps coaching specialist. The site-based 

literacy coach provides daily, individualized support and supervision for tutors and liaises with 

school staff to coordinate and complement Tier 2 intervention with Tier 1 classroom instruction. 

The literacy coach and the coaching specialist offer specific support around data-driven 

decisions, helping tutors select the most indicated interventions for students based on their 

screening or progress monitoring data.  

Students are identified for participation in Reading Corps tutoring through a universal 

screening procedure. This procedure screens all students from Kindergarten through Grade 3 

using grade-level appropriate screening tools. Because the present study focuses on Grades 2 and 

3, only the screening procedure for these grades is described. All students in these two grades 

complete a curriculum-based measure of reading (CBM-R; Christ et al., 2018) probe in the fall. 

Students who score as “at-risk” on this measure are offered no-cost, supplemental reading 

tutoring to be delivered during school by Reading Corps tutors. The “at-risk” category 

represented a range of scores in which students demonstrated reading skills that, though behind 

grade-level expectations, are not warranting significant, intensive support. Adopting MTSS 
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language, these students can be considered those warranted “Tier 2” levels of support based on 

their oral reading fluency (Jimerson et al., 2016). Reading Corps tutors were trained to deliver 10 

different interventions each directed at one or more component reading skills: phonological 

awareness, phonics, fluency, vocabulary, and comprehension (Markovitz et al., 2022).  

Intervention Procedure 

Students in Reading Corps receive 20 minutes of 1:1, or in some cases 1:2, targeted 

reading intervention each school day (i.e., 100 mins/week). Tutors held a variety of personal and 

professional backgrounds (Hammerschmidt-Snidarich et al., 2021) but were uniformly trained in 

both intervention assignment and delivery by Reading Corps. Reading Corps training materials 

provide detailed guidelines for assigning intervention based on student screening scores 

informed by both the Instructional Hierarchy (IH) summarized in chapter two and published 

empirical studies (Burns et al., 2008; Parker & Burns, 2014). Tutors, with the supervision of 

literacy coaches and coaching specialists, selected evidence-based text reading fluency 

interventions from a list of several options on which all tutors were trained. Reading Corps’ text 

fluency interventions include Newscaster Reading, Duet Reading, Repeated Reading with 

Comprehension Strategies, and Stop/Go (Markovitz et al., 2022). For an illustrative example, 

when participating in the Newscaster intervention, students are instructed to read a passage aloud 

as if they were a news anchor reading the evening news. Tutors provide immediate error 

correction if students add, delete, substitute, or mispronounce a word. After students read 

through the passage, the tutor reads the passage smoothly three times while ensuring the student 

follows along with their finger. For the next three readings, the student and tutor read the passage 

in sync with the student attempting to match the tutors’ tone and pace. The student reads 

independently for the final reading (Van Norman et al., 2020).  
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When providing Advanced PA intervention, tutors also were able to choose one of three 

programs (Markovitz et al., 2022). Due to the lack of text, Advanced PA interventions are 

relatively similar in structure. For example, students receiving one intervention, Sound 

Awareness, listen to their tutor say a word and instruction about how to modify that word (e.g., 

say ranch but without the –ch). The students verbally respond with the correct answer, and the 

tutor moves onto the next word and prompt (e.g., say band without the –d).  

Tutors collect baseline, weekly progress monitoring data, and end-of-school-year data. 

Some students who reach a pre-determined performance benchmark are eligible to exit 

supplemental reading instruction. Tutors are also provided explicit guidance for assigning 

interventions to students, based on the Instructional Hierarchy (IH; Van Norman et al., 2018). 

This guidance includes specifications that students in second and third grade should not receive 

Advanced PA instruction unless three conditions are met: very low fluency (<30 words read 

correct per minute), very low accuracy (< 50%), and little to no progress with a phonics-based 

intervention; Parker, 2023). It is important to note that this guidance, as alluded to in Clemens et 

al., 2021 (pp. 28), is based on “an absence of evidence” for the efficacy of Advanced PA, not 

evidence of the inefficacy of Advanced PA.  

Despite this guidance, many second and third grade students were assigned to Advanced 

PA intervention regardless of whether they met the three required conditions. With this less 

systematic form of intervention assignment, modern statistical adjustments can provide the 

opportunity to compare reading outcome data and reading growth among students who did and 

did not receive Advanced PA instruction. This comparison would be the first empirical, causal 

investigation of the relative value of Advanced PA instruction for students beyond early literacy 

stages (i.e., in second and third grade). 
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Chapter III. Method 

Participants 

Data in the original analytic sample were obtained from a larger database maintained by 

ServeMinnesota, which is the research and evaluation arm of Americorps programs in 

Minnesota. The sample includes data from 6,089 students in second and 6,487 students in third 

grade (N = 12,576) who participated in Reading Corps during the 2018-2019 school year across 

771 schools. Students in the sample were 47.1% Female. According to administrative records, 

3,003 students identified as Black/African American, 1,318 as Hispanic/Latin(x), 173 as 

American Indian/Alaska Native, 314 as Asian, 330 as multiracial, 59 as Native Hawaiian or 

Pacific Islander, and 6,480 as White. One-hundred forty-five students received special education 

services and 1,426 (11.33% percent) were classified as English Learners (ELs). Special 

education participation and EL status were reported by tutors, while remaining demographic 

information was provided by school records. Table 1 shows participant background 

characteristics by intervention received.  

Procedures 

 Intervention procedures are described above in Chapter 2 (see Overview of the Reading 

Corps Program). Because the present study contributes only analytic research, only analytic 

procedures are described in the methods section.  

Measures 

CBM-R. Students completed Curriculum Based Measures of Reading (CBM-R) probes 

at baseline as part of the universal screening procedure and again at the end of the 2018-2019 

school year. CBM-R probes task students with reading a grade-level connected text passage for 
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one minute while “trying to read each word” (Christ et al., 2018). Tutors follow along while the 

students read aloud, marking each error (e.g., substitution, deletion) and the last word read by the 

student at the end of one minute. Each probe administration is scored using three metrics: words 

correct per minute (i.e., WCPM), words incorrect per minute (i.e., errors per minute), and percent 

words correct per minute (i.e., accuracy). WCPM represents the scale on which the construct of 

Oral Reading Fluency (ORF) is measured. CBM-R probes are also used by the tutors to measure 

weekly growth for students who are in the Reading Corps program, but those data were not used 

for analyses. Baseline ORF, errors, and accuracy were used as covariates in propensity weight 

calculation, Spring ORF will serve as the primary outcome variable.  

The validity of CBM-R probes is best evaluated for universal screening procedures by 

diagnostic accuracy metrics (Kilgus et al., 2014; Klingbeil et al., 2017). Modern probes, 

including those used with students in the present study and have sufficient technical adequacy to 

predict end of year performance outcomes with a sensitivity – the rate of true positive results – 

above 0.75 and a specificity – the rate of true negative results –above 0.71 (Christ et al, 2018). 

To further support the validity of CBM-R, the vendor of probes used in the present study reports 

concurrent validity estimates above 0.90 with CBMs developed by other vendors and above 0.66 

with computer adaptive tests (Christ et al., 2018). CBM-R is also broadly predictive of important 

future reading outcomes like reading comprehension, word reading, and vocabulary (Reschly et 

al., 2009; Wayman et al., 2007). The vendor also reports alternate form reliability coefficients 

between 0.62 and 0.95, with reliability increasing as student grade-level does. For second grade 

students, correlations range from 0.81 to 0.97 depending on the alternate measure. This range is 

0.78 to 0.96 for Grade 3 students.  
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Exit Status. Reading Corps discontinued intervention services due to a student’s move, 

schedule change, or parent request at any point in their tutoring. Students were eligible for 

performance-based intervention exit upon meeting a pre-determined performance criterion. 

According to Reading Corps, students successfully qualified for graduation from services when 

they demonstrated three or more consecutive progress monitoring data points above their goal 

with two or more points above the upcoming triennial screening benchmark standard for their 

grade (Markovitz et al., 2022). Students who exited due to meeting criteria were coded as 1 

(experiencing successful exit event) while all others were coded as 0 (no successful exit event). I 

used Reading Corps tutor records to censor students who moved and those who stayed in the 

school but discontinued services for any other reason.  

 Covariates. I used several demographic and descriptive variables as covariates in 

analytic procedures. These includes students’ baseline ORF, errors, and accuracy as well as race 

(as reported by census categories), sex, entitlement program eligibility (English Learning 

services, Special Education), home language, and school. Tutors were not included as covariates 

because most schools had only one tutor in the final sample, meaning they were nearly perfectly 

nested within schools.  

Methods 

Design. Reading Corps training materials, as well as literacy coaches and coaching 

specialists instructed tutors on which students should, and should not, receive Advanced PA 

intervention. Advanced PA instruction was distributed according to non-random procedures, 

creating non-equivalent “Treatment” (Fluency with Advanced PA intervention) and “Control” 

(Fluency intervention only) groups. Hereafter, the terms FL, or ‘Fluency’ will refer to the control 

condition of students who only received Fluency instruction, and FLPA will refer to the 
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treatment condition of students who received Advanced PA instruction in addition to Fluency 

practice.  

Sites did not distribute interventions with strict adherence to Reading Corps’ systematic 

guidance. As a result, the groups of students do not differ systematically, but rather 

probabilistically. Table 1, below, outlines observed covariates stratified by intervention type. 

Students who received Advanced PA instruction in addition to traditional text-based instruction 

(FLPA) began the year with lower average reading fluency scores than students assigned only to 

tradition text-based instruction (FL). Table 2 shows the significance of this difference, as well as 

mild imbalances of other covariate differences.  

Because students were not selected for FLPA instruction randomly, they differ on 

meaningful confounding variables and causal inference cannot be inferred by simple 

comparisons of group outcomes. Estimates of the treatment effect delta would be biased by the 

uncontrolled influence of imbalanced covariates (Austin, 2011). Formalized in statistical 

notation: 

E[Y (1) | D = 1] ≠ E[Y(1)] 

Treatment indicator Di is not valid instrument for outcome Yi when both values are affected by 

covariates Xi (Angrist & Pischke, 2014).  

However, propensity score weights which account for the differential probability of being 

assigned to treatment Di based on background covariate values Xi can be used to create groups 

sufficiently comparable for inferring causality (Austin, 2011; Hernán & Robins, 2023). Due to 

students’ non-random assignment to treatment or control groups, students with certain 

background characteristics were more likely, but not guaranteed, to be assigned to FLPA 

instruction. Table 1 shows the high degree of overlap of groups with respect to background 
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characteristics. Based on these continuous probabilities of intervention assignment, 

experimentally comparable groups can be created using propensity score weights that 

systematically account for the influence of background characteristics on treatment assignment 

(Hernán & Robins, 2023). 

Hernán and Robins (2023) described the mathematical logic underlying the validity of 

propensity weights. Individuals each have a treatment indicator value Di and covariate values Xi, 

but in the context of a non-randomized study Di is dependent on Xi. Propensity scores account 

for this dependency by assigning inverse probability of treatment weights according to the 

probability of receiving treatment D = d given X = x as  

Wa = 1/Pr[D = d | X = x]. 

Higher degrees of dependence between Di and Xi are weighted with more extreme values. 

If weights are calculated accurately, conditioning on weights W will balance values of prior 

covariates leading to the conditional independence of potential outcomes on Di given W. This 

inference is known as the assumption of strong ignorability (Rosenbaum & Rubin, 1983) which 

is formalized as:  

[Y(0), Y(1)] ⊥ Di | p(X) = p(x)]. 

Crucially, strong ignorability includes the assumption that all potential confounders are 

observed (i.e., measured), otherwise conditioning on neither propensity scores nor a vector of 

covariates will produce conditional independence due to the influence of unobserved confounds. 

A corollary of the strong ignorability assumption stipulates that treatment assignment is not 

deterministic for any value of Xi (0 < Pr(D = 1|X) < 1). If this assumption is violated, no weight 

could account for the complete dependence of treatment assignment on Xi; knowing X = x would 

tell you the value of Di with certainty. If this assumption is not violated, continuous, non-
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deterministic probabilities are then computed using probability density functions, as opposed to 

the observed empirical probability. In turn, inverse probability weights are most accurately 

notated as WA = 1 / f [D|X], where f represents the specific method used to estimate weights, 

which can vary (Hernán & Robins, 2023).  

Propensity scores for the present study were estimated using entropy balancing of 

treatment assignment probability (Hainmueller, 2012; Tübbicke, 2021). Like traditional 

generalized linear models of propensity score estimation, entropy balancing primarily relies on 

logit regression to estimate weights. However, whereas traditional estimators use Maximum 

Likelihood optimization methods, entropy balancing procedures optimize entropy using a 

specialized loss function. Specifically, entropy balancing minimizes the Kullback (1959) 

divergence: h(wi) = wilog(wi /qi) where the function h decreases towards zero as weights wi 

approach base weights qi (Hainmueller, 2012). In this respect, weights are calculated for both 

their ability to maximize exact balance and minimize extreme weight values. Both entropy 

balancing and traditional logit propensity scores estimated using the following logit model: 

logit(πi) = α0 + α1X1i + α2X2i + α3X3i + αpXpi 

And differ only with respect to the parameters to optimize.  

I used the R Package “WeightIt’ (Greifer, 2023) to estimate and compare traditional and 

entropy balancing propensity score weights based on a vector of ten covariates: race, gender, EL 

status, special education status, home language, baseline words read correct per minute, baseline 

errors per minute, school, and tutor. A total of 12,576 students were eligible for propensity score 

weighting by having documented receipt of fluency intervention alone (FL; n = 10,820) or 

fluency intervention combined with Advanced PA (FLPA; n = 2,081). Characteristics of this 

sample are described above in the Participants section. This sample was reduced to 1,705 
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students in Grade 2 and 1,531 in Grade 3 after removing schools and tutors with treatment 

probabilities of 0 or near 1 (i.e., where zero or almost all students were in the same condition). 

These blocks with near definitive probabilities of treatment assignment could not produce 

balanced propensity scores. Characteristics of this trimmed sample are described below in 

Chapter IV. A PRISMA diagram outlining the flow of participants from original dataset to final 

sample is provided in Figure 5.  

After balancing with entropy balancing weights, the effective sample size in Grade 2 was 

397 FLPA and 223 FL students (𝑛 ̂ = 620). In Grade 3, the effective sample size was 181 FLPA 

and 161.29 FL students (𝑛 ̂ = 342). Table 2 shows covariate balances in standard mean 

differences by treatment group when (a) unweighted, (b) weighted by generalized linear 

regression, and (c) weighted by entropy balancing. A love plot visualizing these covariate 

(im)balances under all three scenarios is provided in Figure 6.  

Analytic Approach 

Missing data was accounted for using multiple imputation. With balanced experimental 

groups created using propensity weights, I developed two models of students’ end-of-year 

reading fluency for implementation with the ‘estimatr’ and ‘WeMix’ packages in ‘R’ (Bailey et 

al., 2023; Blair et al., 2022). I estimated the Average Treatment effect on the Treated (ATT), 

which represents the impact of receiving FLPA instruction for students who actually received it, 

as opposed to for all students (Wang et al., 2017). I estimated the ATT using two regression 

estimators. The first regression model was developed using a fixed effect for school site and a 

treatment by covariate interaction term, formalized as: 

𝑌𝑖𝑗 = 𝛽0+𝛽1𝑗+𝛽2𝐷𝑖𝑗+𝛽k…𝑋𝑖𝑗+𝛽z…𝐷𝑖𝑗𝑋𝑖𝑗+𝜀𝑖𝑗 
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Spring ORF scores for student i in school j are predicted by the overall average 𝛽0, the school 

fixed effect	𝛽1, effect of treatment received	𝛽2 (where D = 1 for FLPA, and D = 0 for FL), 𝛽k  

represents the fixed effects for the covariate vector X, and 𝛽z represents the effects for a vector of 

treatment by covariate interactions. The second, multilevel model included random intercepts at 

the school level, where student i is nested within school j:  

𝑌𝑖𝑗 = 𝛽0+𝛽1𝐷𝑖𝑗+𝛽2…𝑋𝑖𝑗+𝛽3…𝐷𝑖𝑗𝑋𝑖𝑗+𝜇0j+𝜀𝑖𝑗 

In this multilevel model, a term is added to allow for the school specific intercept 𝜇0j. As such, 

estimates will account for the heterogeneity in school level average ORF performance. 

Calculated propensity weights were included in both models. For both models, standard errors 

and confidence intervals were clustered at the school level.  

To assess the relative value of Advanced PA instruction more comprehensively, I also 

conducted a survival analysis. Survival analysis aimed to evaluate Research Question 2. As 

stated above, students who met the Reading Corps program exit criterion were eligible to 

graduate from Reading Corps tutoring (and return to receiving Tier 1 instruction only). Students 

graduated from intensive supports when their skills were remediated to fall within the range of 

grade level expectations (Fuchs & Fuchs, 2017), making graduation from these supports an 

important outcome of interest for Tier 2 interventions (Jimerson et al., 2016). Using survival 

analysis terminology, exit from intensive services can be thought of as the event indicator of 

interest, with intervention duration in weeks or months serving as the time-to-event metric (Klein 

et al., 2016). The proportional hazards model (i.e., Cox Model) estimates the rate at which 

individuals experience the target event, given covariates X:  

λ(t|X) = λ0(t) exp{βtX} 
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Where λ represents either the baseline (λ0) or estimated hazard, t is time, and β represents 

model coefficients over terms βij. This model is among the most popular methods of survival 

analysis (Houwelingen & Stijnen, 2014). In the context of the present study, I used the 

proportional hazards model to estimate the likelihood of intervention exit (λ(t)) among 

participants with characteristics X for each treatment Di. Student level weights were included to 

account for non-random treatment assignment. Much like when interpreting an odds ratio, the 

proportional hazards ratio suggests an increased event (intervention exit) probability when exp(β) 

is greater than 1, and a decreased event probability (intervention continuation) when less than 1. 

Effective treatments will increase the hazard ratio over time t indicating that intervention exit is 

more likely (Klein et al., 2016). Ineffective treatments, reciprocally, will decrease the hazard 

ratio indicating a diminished likelihood of experiencing intervention graduation over time t. 

Survival analyses were completed in the ‘R’ package ‘survival’ (Therneau, 2022). 

 Research Question 3 sought to investigate whether certain subgroups (e.g., EL students, 

students receiving special education, students across racial groups) responded differentially to 

Fluency intervention with or without Advanced PA. I intended to examine the treatment by 

covariate interaction coefficients to determine whether differences emerged in the treatment 

effect estimate for students with specific values of covariates such as race or entitlement program 

eligibility. However, these analyses were unable to be completed. Sparse cell counts in students’ 

race and special education classification prohibited the estimation of valid treatment effects for 

these subgroups alone. Moreover, the inclusion of students’ racial category and special education 

participation as covariates prohibited accurate estimation of regression coefficients entirely. In 

both fixed and random effect models, including students’ race or special education participation 

produced overfitting for these covariates and implausible coefficients (i.e., in the order of 
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millions). As a result, Research Question 3 was not evaluated in the present study. Students’ race 

and special education status were also removed as covariates from both fixed and random effect 

models in investigations of Research Questions 1 and 2.  
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Chapter IV: Results 

Students, Tutors, and Schools 

 The final sample – trimmed to adhere to the assumption of strong ignorability such that 

no schools contained only students in one treatment condition – contained 3,236 students from 

442 tutors across 281 schools. A total of 1,705 of these students were in second grade, with the 

remaining 1,531 students in third grade. On average, one tutor served each school, although 

schools ranged in their number of tutors from 1-9 (IQR: 1-2). Tutors’ caseloads were fixed at 15-

16 students by Reading Corps. Tutors worked with an average of 6 students in the analytic 

sample (IQR: 5-9), indicating that tutors provided 2nd and 3rd grade level fluency interventions 

(with or without Advanced PA) to approximately 1/3rd of their caseload on average. Schools 

contained an average of 9 students in this sample (IQR: 6-15), with the range expanding from 4 

to 49.  

School Level Descriptive Statistics 

 School characteristics (e.g., level two descriptive statistics) are outlined in Table 3. 

School characteristics described here represent grouped descriptive statistics clustered at the 

school level. They do not include information about Reading Corps participants ineligible for 

propensity score weighting (i.e., Kindergarten and Grade 1 students, students receiving decoding 

intervention) nor broader public information about school setting (e.g., percent of students 

receiving FRPL, whole school demographics). School level descriptive statistics are provided 

solely to briefly describe the variance in observed measures between schools.  

The cluster weighted baseline oral reading fluency (ORF) for schools in the final sample 

was 43.40 words correct per min (WCPM; SD = 10.26; IQR: 37.59 – 51.00) in second grade and 

72.37 (SD = 13.77; IQR: 63.70 – 83.47) among third grade participants. Schools ranged in their 
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average baseline ORF from 10.26 – 66.50 in second grade and 28.38 – 92.97 WCPM in third 

grade. The average school level accuracy rate at baseline was 87.04% (SD = 8.5%; IQR: 84.4% - 

92.3%; Range = 44.04 – 100%) for second grade participants and 92.97% (SD = 4.71%, IQR: 

91.02 – 96.12; Range = 73.21 – 98.68%) for third grade participants.  

In second grade, the average school contained 50.40% male participants (IQR: 37.2 – 

66.7%). The average school contained 49.17% (IQR: 40.0 – 57.1%) male participants in third 

grade. Approximately 86.36% (SD = 25.37%, IQR: 83.00-100%; Range = 0 – 100%) of second 

grade participants in each school spoke English as their home language. For third grade 

participants, the cluster weighted average percentage of participants speaking English at home 

was 81.75% (SD = 28.15%, IQR: 71.43 – 100%; Range = 0 – 100%). On average, 10.08% (SD = 

19.00%; IQR: 0.0 – 13.4%) of second grade participants were identified by the program as 

English Learners (EL) within each school, with some schools containing zero second grade EL 

participants and some containing only second grade EL participants. The average proportion of 

EL participants rose to 12.80% (SD = 19.79%; IQR: 0.0 – 17.8%) in third grade. Some schools 

included zero third grade EL participants, but the highest percentage of third grade EL 

participants was 86.96%. Second grade participants received special education at a school level 

average rate of 3.61% (SD = 11.63%, IQR: 0.0 – 0.0%; Range = 0 – 66.67%) and third grade 

students were enrolled in special education a cluster weighted average rate of 2.82% (SD = 

11.84%, IQR: 0.0 – 0.0%; Range = 0 – 100%). 

 Schools varied in their racial and ethnic composition as well. On average, schools were 

composed of 50.21% participants who identified as White (IQR: 6.67 – 88.89%), 27.28% who 

identified as Black or African American (IQR: 0.00 – 50.00%), 10.68% who identified as 

Latin(x) (IQR: 0.00 – 14.29%), 2.75% as Asian (IQR: 0.00 – 0.00), 2.18% as Multiracial (IQR: 
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0.00 – 0.00), 1.41% as Native American or Alaska Native (IQR: 0.00 – 0.00), and 0.34% as 

Native Hawaiian or Pacific Islander.  

Unweighted Descriptive Statistics of Included Students 

 All descriptive statistics are reported using listwise deletion for missing data. Descriptive 

statistics calculated from pooled multiple imputation datasets are available in Table 4. Raw 

descriptive statistics are depicted for the updated, trimmed sample in Table 5. Descriptive 

statistics for the original untrimmed sample can be found in Chapter 3.  

Assessing whether baseline characteristics mirror those of included students is necessary 

to determine the degree to which our trimmed sample accurately represents the larger Reading 

Corps population of schools. Second grade students who received FL read more words correct 

per minute (46.19, SD = 13.92) than did students who completed FLPA (34.00, SD = 16.64). FL 

students in second grade also had higher reading accuracy (89%, SD = 10%) and fewer errors 

(5.00, SD = 4.18) at baseline than FLPA (80%, SD = 17% and 6.77, SD = 5.47). In second grade, 

similar proportions of Female students (48.8% vs 47.4%), English Learners (9% vs 10%), 

students in Special Education programs (3% vs 5%), Indigenous students (1.3% vs 1.3%), 

Latin(x) students (8.1% vs 9.8%), Multiracial students (2.3% vs 1.8%), and White students (56% 

vs 52.6%) participated in FL and FLPA groups, respectively. Slightly higher proportions of 

Asian students (2.9% vs 1.5%) and lower proportions of Black students (24.6% vs 29.7%) 

participated in the FL group relative to the FLPA group in second grade.  

 Similar trends emerged for third grade participants.  FL students read more words per 

minute at baseline (74.89, SD = 19.05 vs. 56.08, SD = 26.31) with higher accuracy (94%, SD = 

6% vs.  86%, SD = 13%) and fewer errors (4.16, SD = 3.70 vs. 6.72, SD = 4.25) than FLPA 

students in third grade. Similar proportions of Female students (49% vs 47.5%), students in 
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Special Education programs (3% vs 2%), Asian students (3.5% vs 4.4%), and Indigenous 

students (2.0% vs 2.8%), participated in FL and PA groups, respectively. The FL had slightly 

smaller proportions of English Learner students (13% vs 17%), Black students (35.3% vs 

40.3%), Latin(x) students (11.6% vs 14.4%), yet slightly higher proportions of White students 

(39.7% vs 33.1%) and Multiracial students (2.4% vs 1.1%).  

 At year’s end, second grade students who received FL intervention (Control; 100.13, SD 

= 21.83) still read more words per minute than FLPA students (74.97, SD = 27.38) when 

unweighted. This trend held for Grade 3 students, where unweighted FL students read 116.57 

words per minute (SD = 24.82) and FLPA students read 87.01 words per minute (SD = 33.32).  

Characteristics of Excluded Students and Schools 

 Baseline characteristics of excluded students and schools are depicted in Table 6. 

Excluded students who received fluency instruction (FL; n = 5351) read an average of 64.79 (SD 

= 22.70) words correct per minute (WCPM) at baseline. Second grade students in FL 

demonstrated an average of 46.94 WCPM (SD = 14.76) compared to third-grade FL students’ 

average of 77.74 WCPM (SD = 18.23). The average excluded student who received FLPA read 

32.13 WCPM (SD = 19.6) at baseline, with second grade FLPA students’ average of 28.18 (SD = 

16.30) falling below third grade FLPA students’ average of 41.97 (SD = 23.33). Second grade 

FL students made an average of 5.02 errors per minute (SD = 4.91) producing an average 

accuracy of 89.00% (SD = 11.00%). Students receiving FLPA in second grade made slightly 

more errors per minute (7.39, SD = 4.36) which resulted in a much lower average accuracy value 

(74%, SD = 19%) due to their reduced WCPM. Third-grade students in the FL group made 3.73 

errors per minute (SD = 4.48) on average, with an average accuracy of 95% (SD = 6.00%). In 

contrast, FLPA students in third grade made 6.55 errors at baseline (SD = 4.58) and read with an 
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average accuracy of 82% (SD = 15%). These baseline characteristics mirror closely those of the 

Included students prior to weighting, indicating that although the sample was trimmed to adhere 

to strong ignorability, it does not appear as though schools who did or did not contain students in 

both treatment groups differed significantly based on observed characteristics.  

As with the clustered statistics reported for included schools above, school descriptive 

statistics provided here represent only participant averages weighted by school clusters. A total 

of 723 schools were excluded, containing a total of 1,221 tutors who served 9,569 2nd and 3rd 

grade students. On average, excluded schools served 11 excluded participants (IQR 7-17), 

excluded tutors served 7 students (IQR 4-11), and schools contained 2 tutors (IQR 2-4). The 

average school contained second-grade excluded participants who scored 42.77 WCPM (SD = 

13.11) at baseline with 85.85% accuracy (SD = 10.47%). School level averages for third grade 

excluded participants were 75.43 WCPM (SD = 15.21) with 93.99% accuracy (SD = 5.30%). 

Demographically, the average school enrolled second grade excluded participants who received 

EL supports at a rate of 12.71% (SD = 24.13%), received Special Education at a rate of 3.66% 

(SD = 13.78%), and spoke English at home at a rate of 81.50% (SD = 32.29%). On average, 

50.48% of excluded participants within each school identified as male. In third grade, the 

average school was comprised of 11.88% excluded participants who received EL supports (SD = 

23.72%), 3.41% who received special education (SD = 13.19%), and 82.47% who spoke English 

at home (SD = 31.64%). An average of 48.32% of third grade excluded participants within each 

school identified as male. Among schools containing second grade excluded participants, on 

average 49.69% of excluded participants identified as White, 23.50% as Black or African 

American, 10.28% as Latin(x), 2.86% as Multiracial, 2.54% as Asian, 1.34% as Native 

American or Alaskan Native, and 0.43% as Native Hawaiian or Pacific Islander. In third grade, 
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the average school contained excluded participants who were identified as 55.73% White, 

18.16% Black or African American, 10.35% Latin(x), 2.67% Multiracial, 2.57% Asian, 1.48% 

Native American or Alaskan Native, and 0.70% Native Hawaiian or Pacific Islander.  

Weighted Descriptive Statistics of Included Students 

 Descriptive statistics were calculated again after accounting for propensity score weights. 

Weighted descriptive statistics are provided in full in Table 7. After weighting, Grade 2 FL 

students and FLPA students showed similar baseline levels of words read correct per minute 

(33.90, SD = 13.92 vs. 34.00, SD = 16.64), errors (6.76, SD = 4.18 vs. 6.77, SD = 5.47), and 

accuracy (80.22%, SD = 10.38% vs. 80.30%, SD = 16.79). Grade 3 students also demonstrated 

baseline equivalence on key variables after reweighting. FL and FLPA students in the third grade 

had similar levels of words read correct per minute (56.07, SD = 19.05 vs. 56.08, SD = 26.31), 

errors (6.72, SD = 3.70 vs. 6.72, SD = 4.25), and accuracy (85.76%, SD = 5.90% vs. 85.77%, SD 

= 12.79%).  

 At the end of the school year, differences emerged in the weighted average levels of 

words read correct per minute. In Grade 2, FL students finished the year reading a weighted 

average 93.75 (SD = 21.83) words correct per minute compared to FLPA students’ weighted 

average of 74.97 (SD = 27.38) words. FL students in third grade ended the year with a weighted 

average of 106.56 words correct per minute (SD = 24.82), while FLPA students demonstrated a 

weighted average WCPM of 87.01 (SD = 33.32). The distribution of weighted descriptive 

statistics is depicted in Figure 7. 

Fixed Effects Model 

 To answer research question 1, the first analytic model investigated differences in Spring 

oral reading fluency by intervention group (Fluency vs. Fluency with Advanced PA), baseline 
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and demographic covariates, the interaction of each covariate with intervention group status, and 

a fixed effect for the school in which students received tutoring. Student weights were 

incorporated into the linear regression model and covariates were centered within cluster around 

the mean of the treatment condition. Centered means are depicted in Figure 6b and presented by 

condition in Table 7b. The full output for fixed effect models is presented in Table 8. Site 

specific treatment effect estimates are presented visually in Figure 11. During model 

specification, covariates indicating students’ race and special education status were removed for 

their interference with parameter estimation. The number of students in some racial categories 

and the number receiving special education services were so small that attempting to estimate 

effects for these subgroups inhibited the model’s ability to credibly estimate all other effects. 

 When using a listwise deletion approach to missing data, the fixed effect model for 

second grade students produced a treatment estimate of -15.8 (SE = 5.89; 95% CI: -27.4 - -4.87). 

This indicates that students who received Advanced PA in addition to fluency intervention 

(FLPA) can be expected to score 16 words correct per minute lower in spring than if they 

received fluency intervention alone (FL) when accounting for propensity score weights. Using 

the more robust multiple imputation approach to missing data, fixed effects models pooled across 

20 imputed datasets similarly produced an estimate of -11.8 (SE = 2.09; 95% CI: -15.9 - -7.69). 

This result provides a more credible estimate while confirming that patterns of missing data are 

not responsible for the estimate obtained by the listwise deletion model.  

 For third grade students, a fixed effect model with listwise deletion yielded an estimate of 

-8.52 (SE = 1.79; 95% CI: -12.00 – -5.01). In essence, third grade students who received FLPA 

scored an average of 9 fewer words correct per minute when controlling for baseline covariates 

and disproportionate probabilities of treatment assignment. Pooled multiple imputation estimates 
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also yielded an estimate of -13.8 (SE = 3.72; 95% CI: -21.10 – -6.52) indicating that this estimate 

is credible and not due to missing data patterns.  

Random Effects Model 

To further answer research question 1, as well as part of the third research question, the 

second analytic model investigated differences in Spring oral reading fluency by intervention 

group (FL vs. FLPA), baseline and demographic covariates, the interaction of these covariates 

with intervention group status, a random effect term for school (random intercept), and a random 

effect term for the interaction between school and intervention group (random slope). Students’ 

race and special education status were not included as covariates in random effects models due to 

numeric insufficiencies. However, prior literature using the same dataset attests that effects of 

Reading Corps are robust across racial categories (Markowitz et al., 2022). Student weights were 

incorporated to the model at level one. Further, for this model, binary and continuous covariates 

were centered within each cluster around the treatment condition mean. The full output for this 

random effect model is presented in Table 9 and a caterpillar plot presenting site specific random 

effects is provided in Figure 8. Further, example site specific treatment effect graphs are 

provided in Figure 9 for 15 randomly selected schools.  

The variance term for the school level in second grade was 351.81 (SE = 17.76). The 

random effects model produced an overall treatment estimate of -13.25 (SE = 2.02) for second 

grade students, indicating that students who received FLA intervention scored an average of 

13.25 fewer words correct per minute in spring than they would have if they received only 

Fluency intervention. Results from 20 multiply imputed datasets produced a nearly identical 

pooled average estimate of -12.93 (SE = 1.82). In Grade 3, the variance term for the school level 

was 724.23 (SE = 26.91). The random effects model across 20 multiply imputed datasets 
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produced a treatment effect estimate of -8.81 (SE = 2.60). This effect, though slightly attenuated, 

has the same direction as the second-grade effect. When accounting for missing data, baseline 

and demographic covariates, and unbalanced treatment assignment, students who receive FLPA 

intervention experienced reduced growth in oral reading fluency from Fall to Spring.  

Survival Analysis 

 Research Question 2 sought to explore whether FLPA or FL intervention led students to 

successfully “graduate” intervention (i.e., return to only universal, Tier 1 supports) more quickly. 

Survival curves were modeled using the Cox proportional hazards model (Klein et al., 2016). 

The number of weeks that students participated in intervention served as the time variable, while 

intervention exit served as the ‘event’ variable. Sufficient data was available to censor students 

who moved schools or discontinued intervention for other reasons. Baseline covariates, a 

categorical school identifier, demographic variables, and student weights were incorporated into 

this model. Much like the random effects model, survival curves could not be generated when 

including students’ race as a covariate due to numeric insufficiencies. Race was subsequently 

excluded as a covariate from Survival analyses. Survival analysis data are presented 

quantitatively in Table 10 and visualized using survival curves in Figure 10.  

 The Cox proportional hazards model produced a hazards ratio of 0.21 (SE = 0.06) for 

Grade 2 students who received FLPA intervention relative to those who received only FL 

intervention. This ratio indicates that when controlling for baseline covariates and biased 

treatment assignment, students who received FLPA were approximately 1/5th as likely as FL 

students to successfully graduate intervention within an academic year. This estimate of 0.21, 

pooled across 20 imputed datasets, closely matches the estimate obtained when using listwise 

deletion (0.22, SE = 0.59).  
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 For Grade 3 students across twenty imputed datasets, those who received FLPA 

intervention held a hazard ratio of 0.19 (SE = 0.06); third grade students were approximately 

1/6th as likely to meet exit criteria when receiving FLPA instruction relative to when receiving 

FL instruction. Interestingly, a Cox model run on the original dataset using listwise deletion 

produced a discrepant estimate (0.35, SE = 0.38). Though the two estimates yield similar 

takeaways, the magnitude of the effect is significantly stronger when accounting for missing 

data.  

 It is important to ensure that the operational definitions of treatment receipt (i.e., 30+ 

sessions of Advanced PA) did not artificially affect graduation rates between the two groups. To 

rule out this possibility, I re-ran the survival analysis when including students who received as 

few as 11 sessions of Advanced PA in the treatment group. Eleven sessions is the minimum 

possible number of days of intervention a student could complete before meeting graduation 

requirements; any student who stopped before 11 sessions did not stop due to successful 

graduation. The hazard coefficient for students who received between 11 and 30 sessions of 

Advanced PA training was estimated to be 0.24 (SE = 0.42) in Grade 2 and 0.47 (SE = 0.33) in 

Grade 3. These estimates show the same direction and significance level as those obtained using 

the original treatment assignment criteria. This indicates that it is unlikely the 30-session 

minimum treatment assignment mechanism masked detectable amounts of graduation among 

students who received Advanced PA intervention. If students graduated prior to six-weeks of 

intervention, they graduated at rates similar to those observed between groups after six weeks of 

intervention. 

Sensitivity Analyses 
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 I conducted sensitivity analyses to examine the degree to which findings were robust to 

alternative but similarly acceptable analytic decisions. In the first group of sensitivity analyses, I 

varied the operational definition of treatment assignment by decreasing or increasing the number 

of Advanced PA sessions required to fall into the treatment category. Estimates of marginal and 

random effects from sensitivity analyses are presented in Table 11. Results did not meaningfully 

differ from those reported above when the treatment assignment mechanism was manipulated. 

Decreasing the number of sessions required to be categorized as a participant in Advanced PA 

intervention from 30 to 20 sessions slightly changed 2nd grade fixed effect estimate from -11.80 

to -11.40, and third grade fixed effect estimate from -13.80 to -12.00. This decrease in the 

number of required sessions changed random effects from -12.93 to -12.87 in second grade and 

from -8.81 to -7.68 in third grade. To the same extent, increasing the number of required sessions 

from 30 to 40 sessions did not significantly change effect estimates. Second grade estimates 

grew to -14.10 for fixed effect models but shrank to -11.99 for random effect models. Third 

grade effects changed to -9.36 and -11.87 for fixed- and random-effect treatment estimates, 

respectively.  

In the next group of sensitivity analyses, I varied model specification to evaluate the fit 

(a) without treatment by covariate interactions, (b) with quadratic terms, and (c) with random 

slopes in addition to random intercepts. Results were robust to changes in model specifications. 

Removing treatment by covariate interactions changed marginal effect estimates from -11.80 to -

12.80 in second grade and -13.80 to -8.89 in third grade. Random effect estimates changed from 

-12.93 to -12.82 in second grade and -8.81 to -8.90 in third grade when removing treatment by 

covariate interactions. A quadratic regression specification changed second grade treatment 

effect estimates to -11.00 in the fixed effect model and -12.68 in the random effect model. Third 
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grade treatment effect estimates changed to -3.49 in fixed effect models and to -16.73 in random 

effect models when pivoting from linear to quadratic regression. Finally, adding random slopes 

(i.e., allowing treatment effect to vary by school) increased the strength of random effect 

estimates to -12.91 in second grade and to -20.99 in third grade. Quadratic specification of fixed-

effect regression for third grade students was the only circumstance under which sensitivity 

analyses or main analyses did not statistically favor FL over FLPA (p = .680). Therefore, 

regression-based treatment effect estimates were robust to researcher analytic decisions and not 

sensitive to model construction nor treatment assignment specifications.  

Finally, I varied the methods used for multiple imputation. Keeping all other analytic 

choices constant, I created separate datasets for treatment and control students within each grade. 

I then multiply imputed independent datasets for each condition before stitching the now 

imputed datasets back together. The Fixed Effect estimate for second grade students (-12.3, SE = 

2.08) changed minimally from the original estimate (-11.80, SE = 2.09). The estimate for third 

graders (-21.30, SE = 5.77), however, was moderately more extreme than the original estimate (-

13.8, SE = 3.72). Multiply imputing datasets from the original, whole sample did not exacerbate 

condition difference. If anything, using a single multiple imputation step provided a more 

conservative estimate of condition differences.  
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Chapter V: Discussion 

I conducted the first empirical evaluation the incremental benefit of Advanced PA 

training for struggling (i.e., Tier 2) readers above the initial Kindergarten and First grades. More 

specifically, I compared oral reading fluency outcomes for second- (n = 1,705) and third grade (n 

= 1,531) students who were receiving supplemental reading instruction from Reading Corps in 

reading fluency alone (FL) or in combination with Advanced PA (FLPA). Students demonstrated 

non-equivalent reading fluency, errors, and accuracy scores at baseline. Demographic factors like 

students’ racial background also varied between the two intervention groups. However, when 

entropy balancing weights calculated from their differential probabilities of treatment assignment 

were applied, the groups’ weighted means at baseline converged. Students’ schools were 

included in the calculation of propensity weights to ensure students were comparable within, as 

well as across, sites. In my first research question, I evaluated whether Advanced PA caused 

differences in reading fluency gains over the course of an academic year.  

To investigate ORF differences between FL and FLPA interventions, I first fit a 

regression model accounting for propensity weights, baseline covariates, and fixed effect for 

school (k = 291). Covariates were centered within school clusters, and verification of this 

centering’s efficacy is presented in Table 12. Results from this model showed that students who 

received FLPA instruction had significantly lower Oral Reading Fluency (ORF) scores during 

spring benchmarking than their counterparts who received FL instruction. More precisely, 

students instructed in Advanced PA read an average of 12 words correct per minute (WCPM) 

fewer in second grade, and 13 WCPM fewer in third grade than if they had been instructed in 

Fluency, when controlling for baseline covariates (i.e., baseline ORF, baseline accuracy, baseline 

errors, EL status, Home Language), and treatment by covariate interactions.  



 60 

Next, I fit another model with random school (i.e., level 2) intercepts. This model 

allowed schools to vary in their average reading fluency level. Accounting for this heterogeneity 

did not meaningfully alter findings. Students in the FLPA condition read 14 fewer WCPM in 

second grade and 13 fewer WCPM in third grade spring benchmarking after controlling for 

baseline covariates and treatment by covariate interactions. Overall, the findings from the 

evaluation of RQ1 – whether Advanced PA caused differences in connected text reading 

outcomes – demonstrated clear differences in students’ spring ORF between students who 

received FLPA or FL. Students grew significantly less in their reading fluency when a portion of 

their intervention time was devoted to Advanced PA. Across both random- and fixed-effect 

models, results were robust to sensitivity analyses indicating that the magnitude and direction of 

findings cannot be attributed to model misspecification.  

 Though reading fluency is a critical skill for promoting reading development and 

comprehension (cf. Kim, 2020a; Shapiro & Clemens, 2023), the goal of Multitiered Systems of 

Support (MTSS) in reading is not solely to increase students’ fluency. The broader goal of MTSS 

interventions is to allow students to return to Tier 1 instructions with sufficient skills to be 

successful (Fuchs & Fuchs, 2017). With critically high levels of non-proficiency in reading 

(Klingbeil et al., 2022), it is important to provide interventions that help students graduate more 

quickly so other students can be served by oversubscribed school systems. To better understand 

how Advanced PA instruction affects more distal outcomes like graduating from intervention by 

meeting Reading Corps’ performance-based exit criteria, I also conducted a survival analysis. 

RQ2 examined whether students receiving FLPA met this criterion and exited intervention at a 

rate different than that of students in FL intervention. I used a Cox Proportional Hazards model 

(Klein et al., 2014) to describe students’ time-to-exit event and their relative likelihood of exiting 
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based on the intervention condition, baseline performance, and demographic covariates. Students 

who received FLPA instruction met exit criteria less frequently and required more time to 

successfully exit the intervention in comparison to students receiving FL alone. Students in the 

FL alone condition began to graduate intervention with regularity after approximately 8 weeks (2 

months) of intervention, while graduation among students in FLPA intervention was rare until 

approximately 25 weeks (6 months). Second grade students receiving FL instruction alone were 

approximately 5 times more likely to exit intervention than students receiving FLPA. Third grade 

students were nearly 6 times more likely to exit intervention if they received FL as opposed to 

FLPA.  

Support of Original Hypotheses 

 The present study aimed to evaluate the Advanced PA interventions used by some 

Reading Corps tutors. Therefore, I did not create original hypotheses to test, as a means to 

compare the two interventions with as minimal researcher bias as possible. Instead, I investigated 

whether differences between intervention groups emerged. Given, however, that FL intervention 

alone has a significant amount of research support (Hudson et al., 2020; Lee & Yoon, 2017; 

Shapiro & Clemens, 2023) an appropriate null hypothesis for an evaluative study is that no 

differences would emerge between FL and FLPA. Despite a lack of original hypotheses, findings 

do contribute important information to contentious hypotheses and claims in the reading 

instruction literature.  

Context of Existing Results & Reading Theory 

 Competing hypotheses about the role of Advanced PA informed the present study. 

Researchers in favor of Advanced PA training have hypothesized that bolstering students’ 

Advanced PA skills will strengthen their ability to orthographically map new words and 
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therefore improve their text reading fluency (Kilpatrick & O’Brien, 2019). Proponents of 

Advanced PA training contextualize their hypothesis as a natural extension of Ehri’s (2005) 

Phase Model and Share’s (1995) Self-Teaching hypothesis, both of which emphasize the 

importance of orthographic mapping for text reading. Researchers opposed to Advanced PA 

training hypothesized that Advanced PA skills are unnecessary because they do not add 

incremental benefit to students’ connected text reading over direct instruction in basic reading 

skills involving graphemes (Clemens et al., 2021). These detractors cite empirical evidence 

showing the importance of graphemes for phonemic awareness instruction (Ehri et al., 2001) and 

dissociating Advanced PA skills from skilled text reading (e.g., Foulin, 2005; Scarborough et al., 

1998).  

 This study provides preliminary evidence against the utility of Advanced PA instruction 

and offer some support for hypotheses offered by those skeptical of Advanced PA. Text reading 

fluency, measured using ORF in this study, is an important higher-level reading skill that 

captures several important lower-level skills (e.g., Sight Word Recognition, Word Reading 

Efficiency, Decoding Ability). Thus, text reading fluency provides an estimation of how 

efficiently students can use those skills to read text (Kim, 2020a, b; Shapiro & Clemens, 2023). 

One of the most important tasks necessary for fluent reading is automatic word recognition (Ehri, 

2020; LaBerge & Samuels, 1974). Advocates of Advanced PA skills argue that training in these 

skills is critical for promoting students’ ability to store words for automatic retrieval when they 

encounter them in text by sight. If this was true, findings should have shown that ORF gains in 

Advanced PA intervention equaled or bested those observed in the fluency instruction group. 

Because ORF gains attributable to Advanced PA instruction fell significantly short of those 

attributable to Fluency instruction, it is unlikely that Advanced PA intervention would 
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meaningfully affect distal text reading outcomes for students who can access connected text. 

Present findings stand in direct contrast to claims made by proponents of Advanced PA about the 

relative value of Advanced PA and repeated reading (fluency) instruction: 

“Since repeated reading interventions do not teach the skills required for efficient 

orthographic mapping, they would not be expected to yield strong, sustained normative 

results with struggling readers. Likewise, interventions involving large amounts of 

reading practice (not repeated reading) have similar, limited results (O’Connor et al., 

2007; Wexler et al., 2008; …). Ultimately, there is no research evidence to suggest that 

repeated reading, or similar practice-based interventions, substantially closes the gap 

between struggling readers and their typical peers.” – Kilpatrick & O’Brien, 2019, p. 196. 

Not only does ample research exist to support the efficacy of repeated reading instruction 

(cf. Hudson et al., 2020; Lee & Yoon, 2017), but now preliminary research exists to undermine 

the claim that adding Advanced PA to practice-based reading fluency interventions will improve 

text reading in comparison to practice-based fluency intervention only. Students grew more and 

more quickly when receiving repeated reading instruction than when receiving Advanced PA 

instruction, making them more likely to “close the gap” to typical peers.  

 The lack of connection between Advanced PA skills and ORF could signal several 

potential implications for reading theory above and beyond the possibility that additional training 

in Advanced PA skills is not necessary for students in second and third grade who need support 

reading connected text. First, in the order of lowest to highest inference, it is possible that 

Advanced PA instruction did not improve students’ Advanced PA skills. If the intervention used 

by Reading Corps were ineffective for affecting this mediating skill, it would by nature be 

ineffective for affecting the outcome of interest. Second, perhaps Advanced PA instruction is 
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effective but not as effective as the gold standard fluency interventions (Shapiro & Clemens, 

2023). However, inferiority to standard practice does not by definition indicate inefficacy, in 

theory. Investigations of Advanced PA theory may wish to compare Advanced PA instruction to 

a non-reading instructional control condition. However, for schools that are required to make the 

most of the limited amount of time for providing intervention, such a test may have little 

practical significance. 

 A third possibility is that Advanced PA skills improved by the intervention do not 

transfer to connected text reading. This conclusion is that reached by Clemens and colleagues 

(2021), who demonstrated skepticism that Advanced PA skills would meaningfully affect 

students’ ability to orthographically map novel words. If gains in Advanced PA skills indeed fail 

to transfer to connected text, it may indicate that orthographic mapping skills rely more heavily 

on (a) phoneme grapheme correspondence (Ehri et al., 2001a, b) or (b) continued, and repeated 

exposure to novel words (Share, 1995). The possibility that orthographic mapping relies more 

heavily on phoneme grapheme correspondence ties directly into a fourth possibility. Perhaps 

Advanced PA skills need to be taught in conjunction with graphemes to effectively improve 

orthographic mapping and connected text reading. Although proponents of Advanced PA 

contend that PA instruction with graphemes is instruction in letter sound correspondence or 

decoding and not PA, the National Reading Panel (Ehri et al., 2001) suggests otherwise and cites 

evidence that PA instruction is more valuable and efficacious when taught with graphemes.  

 Two final theoretical accounts for findings in the present study involve higher inferences. 

The first high-inference account is a prediction offered by Kilpatrick and O’Brien (2019) that 

reading fluency measures do not accurately capture word reading efficiency. They suggest that 

standardized measures such as the Test of Word Reading Efficiency (TOWRE-2; Torgesen et al., 
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2012) are necessary for capturing gains in text reading efficiency that they expect to follow 

Advanced PA instruction. Despite this possibility, evidence investigating the relative roles of 

word reading efficiency and text reading fluency has shown text reading fluency to mediate the 

relationship between word reading and reading comprehension (Kim & Wagner, 2015; Kim et 

al., 2021). Meaningful improvements in word reading efficiency, then, should have been 

observable in reading fluency outcomes.  

A final high-inference theoretical account of these results comes again from Clemens and 

colleagues’ 2021 review. Clemens and colleagues reviewed data that suggest many poor readers 

have strong Advanced PA skills while many strong readers have poor or underdeveloped 

Advanced PA skills. They argued that that Advanced PA skills may not be necessary for 

connected text instruction. However, it’s possible that participants in this study (i.e., second and 

third grade students needing support in text reading fluency) already had sufficient Advanced PA 

skills. Further, improvements in this area will not benefit more advanced reading outcomes. 

Lonigan and colleagues (2018) show that the impact of decoding instruction is less effective for 

improving reading comprehension once students are more limited by language comprehension 

than by word reading skills. Similarly, students who continue to struggle reading connected text 

after developing some level of Advanced PA skill likely have the source of their challenges 

located in other component skills.  

 In sum, findings from the present study undermine predictions that Advanced PA 

instruction is a useful method for improving text reading fluency for struggling second and third 

grade students who can access text. Given that hypotheses about a link between Advanced PA 

and connected text reading rely on orthographic mapping as a mediating skill (Kilpatrick & 

O’Brien, 2019; Kilpatrick, 2020b), it is unlikely that Advanced PA meaningfully affects 
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students’ orthographic mapping. Had Advanced PA instruction affected orthographic mapping 

capabilities, students would have improved their word reading efficiency which would have been 

reflected in their oral reading fluency (Shapiro & Clemens, 2023).  

Implications for Program Evaluation 

 Crucially, results from the present study have implications for practice and policy that are 

more immediately applicable than their implications for theory. The most proximal implication 

of these results is that Reading Corps may consider pausing implementation of Advanced PA 

intervention with second- and third-grade students. Continuing to select Advanced PA 

intervention for these students harms students materially; their ORF improvements are 

diminished by the equivalent of between two-months and half of a year’s growth based on 

normative growth rates (Christ et al., 2019). More concerningly, these diminished improvements 

lead to significantly longer persistence in Reading Corps services and reduced likelihood of 

returning to Tier 1 services alone. This is counter to the logic of Tier to interventions in general 

(Fuchs & Fuchs, 2017). These more systemic outcomes, persistence in Tier 2 services, affect 

Reading Corps as much as they affect students. If students in this sample who received 

Advanced PA had graduated at the same rate as students who received fluency, Reading Corps 

would have been able to provide services to more than 300 additional students in the 2018-2019 

school year.  

 Because Reading Corps aims to expand service capacity for Tier 2 intervention delivery, 

takeaways extend to schools providing Tier 2 services internally. Interventions for second- and 

third-grade students with some risk in reading fluency should focus on skills other than 

Advanced PA skills. More specifically, results of the present study show that fluency instruction 

focused on repeated opportunities to read connected text is more effective in isolation than when 
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combined with Advanced PA skill training. It is important, however, to note that prior research 

has shown instructional match to be a critical component of intervention success and not all 

students will benefit from fluency alone. Many students with Tier 2 needs who fail to respond to 

an evidence-based fluency intervention may benefit more from intervention focused on decoding 

instruction with graphemes (cf.; Parker & Burns, 2014; Shapiro & Clemens, 2023; Szadokierski 

et al., 2017).  

 Many schools also use Advanced PA instruction as a Tier 1 or universal instructional 

component (Literary Resources, 2023). I did not evaluate the effect of Advanced PA (a) as a 

universal curriculum, nor (b) for students who respond to Tier 1 instruction. These findings offer 

no insight to the utility of Advanced PA for these contexts. The sole empirical study to evaluate 

Advanced PA (Coyne et al., 2021) did examine effects for universal, Tier 1 contexts, finding no 

significant effects for word reading and connected text outcomes. Advocates clarified that 

Advanced PA instruction is most necessary for struggling students who experience challenges 

with efficient orthographic mapping and typically developing readers have less need for these 

skills (Kilpatrick et al., 2022). Results from the present study broaden the range of reading 

abilities at which students are unlikely to need Advanced PA instruction to be successful.  

  As states continue to adopt legislation aiming to systematize reading instruction, 

policymakers are faced with the difficult task of sifting through an ever-growing body of 

instructional materials marketed as ‘aligned with the Science of Reading’ (Covington, 2023; 

Shanahan, 2020). The science of reading (lowercase) is a fluid and growing body of research 

based on rigorous empirical evidence across fields. As such, the chances of students receiving 

instruction focused on Advanced PA skills should be lowered based on the available data 

including the present study, Coyne et al., (2021), and Clemens et al., (2021). Should future 
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research find circumstances in which Advanced PA is causally beneficial for students, it would 

be appropriate to increase the chances that certain students receive Advanced PA instruction in 

those circumstances. The links between the Science of Reading (uppercase) movement and the 

science of reading (lowercase) must continue to be constructed of evidence and data, rather than 

of philosophy. The unwarranted influence of a persuasive educational philosophy curated an 

environment in which whole-word reading instruction remained popular far after the evidence 

indicated it should (Castles et al., 2018; Rayner et al., 2002). To avoid the same being true for 

the Science of Reading (uppercase) movement, systematic literature reviews, meta-analyses, and 

policy briefs should be undertaken to summarize the fluid state of the science of reading 

(lowercase) in ways that are direct and digestible for policymakers.  

A final, broad policy takeaway involves the significant equity considerations underlying 

the present study. As outlined in the descriptive statistics above, students were not randomly 

assigned to Advanced PA intervention. Students were more likely to receive Advanced PA when 

reading slower and less accurately at baseline, but also based on demographic factors such as 

race. Previous data suggest that Reading Corps services are equitably efficacious across racial 

and ethnic groups (Markowitz et al., 2022). Despite this, students from diverse racial and ethnic 

backgrounds were more likely to receive the less effective Advanced PA intervention. Students 

of color and those from other marginalized backgrounds already face significantly 

disproportionate reading outcomes (Fien et al., 2021). As MTSS is intended to be a preventative 

model for ameliorating moderate deficits before they become intractable (Jimerson et al., 2016), 

providing less effective Advanced PA interventions could deepen inequality by 

disproportionately offering racially diverse students diminished reading outcomes. Survival 

analyses indicate these diminished outcomes affect graduation from the program, meaning that 
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the more racially homogenous Fluency group returned to Tier 1 instruction alone at higher rates. 

In essence, continuing to provide a less effective intervention specifically for students who are 

lower performing and more diverse, compounds the very inequity that Reading Corps has been 

notably successful at addressing previously (Markowitz et al., 2022).  

Adequacy of Sampling Size and Sampling Validity 

 The original analytic dataset obtained from ServeMinnesota included all 12,576 Reading 

Corps participants from the 2018-2019 academic year. After trimming to include only schools 

with students in both treatment (FL and FLPA) conditions, the final sample included about one-

quarter of all Reading Corps students (n = 3,236) and schools (k = 218). Had I been able to 

acceptably weight all 12,576 participants, the sample would have been equal to the population of 

Reading Corps participants and decisively representative of Reading Corps outcomes in 

Minnesota. The question of sampling adequacy then would have been the question of whether 

Reading Corps participants could reasonably represent a sample of a broader population of 

students receiving Tier 2 interventions regardless of service provider (school or Americorps 

tutors). Before assessing this question, the pre-requisite question for the present study involves 

investigating whether the trimmed sample adequately represents the original population of 

Reading Corps schools and students. Characteristics of excluded students, as discussed 

previously, are presented in Table 5. Overall, minimal differences emerged on measured 

covariates between trimmed and included schools. Although sample trimming was nonrandom, 

the instrument used to identify schools for trimming (presence of only one intervention group) 

appeared to function approximately randomly (Angrist & Pischke, 2014). That is, inclusion 

status Tj (t = 1 if included, t = 0 if excluded) for schools is uninformative of student and school 

level covariate and outcome values Xij and Yij.  
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Generalizability 

 The present study focused intensely on precisely estimating causal effects for students 

who received Advanced PA intervention in addition to fluency intervention. The estimand of 

interest, then, was the Sample Average Treatment effect on the Treated (SATT), indicating that 

results apply namely to the actual students who received intervention. A different approach 

prioritizing generalizability over precision in internal validity would have been to estimate the 

Population Average Treatment Effect (PATE). PATE describes the estimated effect of an 

intervention for a hypothetical superpopulation from which sampled students were drawn 

(Hirano et al., 2003). As such, assumptions for estimating PATE are more rigorous and precision 

is diminished. A key barrier to estimating PATE in the present study regards the original dataset; 

both students (Level 1) and schools (Level 2) were non-randomly selected for intervention and 

therefore less likely to be representative of a superpopulation of students and schools 

implementing Tier 2 interventions.  

 Nevertheless, research advances have described increasingly efficient ways of describing 

the generalizability of educational impact evaluations. The Generalizer (Tipton & Miller, 2024) 

provides point-and-click tools for planning (a priori) for generalizability in designing evaluations 

and investigating (post hoc) generalizability of completed evaluations. The R package 

‘generalizeR’ (Nixon et al., 2024) offers similar, but code-based, tools using information from 

the same referent national datasets. Tipton and Olsen (2018) offered several options for 

improving statistical estimates of generalizability including propensity score methods, model-

based approaches, and bounding estimates. The present study has yet to complete these 

additional estimates of generalizability. Considering this, and the focus on SATT over PATE, it 

is important to report generalizability responsibly (Tipton & Olsen, 2022). Findings from the 
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present study are likely to generalize to Reading Corps schools who were excluded from the final 

dataset and had a non-zero probability of inclusion in the final sample. Descriptive 

characteristics of both students and schools excluded from the present study vary little from 

those of included students and schools, as described above. To more conclusive estimate 

generalizability, future directions for this project include (a) using The Generalizer (Tipton & 

Miller, 2024) to statistically identify the generalizability index, and (b) estimating weighted 

treatment effects for excluded students using single-level propensity score and outcome models 

(ignoring school blocks) to compare estimates with those derived from included students.  

Limitations and Future Directions 

 Several limitations affect the present research and provide opportunities for future 

directions. First, there may still be students for whom Advanced PA is beneficial. The present 

study did not include students who received only Advanced PA intervention with no fluency 

practice; it is possible that subgroups of students who respond more to Advanced PA instruction 

exist in the population of students assigned to Advanced PA alone or Advanced PA with other 

decoding interventions. It’s further possible that outside the scope of this study, students with 

more intensive instructional needs (i.e., those with Tier 3 or special educational needs) Advanced 

PA. Future research should examine effect heterogeneity as a function of a wide range of 

baseline reading performance.  

 Second, tutor records do not control for the amount of time spent on each skill focus. The 

analytic dataset included tutor records that described which interventions were provided during 

each intervention session. These records do not specify the share of time taken up by Advanced 

PA relative to fluency (e.g., 5 + 15 minutes, 10 +10 minutes). Results from the present study 

seem to indicate that any amount of Advanced PA instruction attenuates gains that otherwise 
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would be observed with fluency instruction. However, future evaluations should examine 

whether time spent in Advanced PA instruction meaningfully impacts intervention effects. It is 

possible that students who spent more time in Advanced PA gained fewer WCPM due to 

diminished time in the evidence-based fluency intervention, or students who spent less time in 

Advanced PA gained fewer WCPM due to rushed Advanced PA intervention procedures.  

 Third, the sample trimming process, while necessary for causal inference and internal 

validity, did decrease the power and generalizability of the present study. As described above, 

the excluded- and included schools differed insignificantly on observed covariates and the 

instrument used to exclude schools (share of students in each intervention) did not appear to 

correlate meaningfully with observed measures. Methodological demonstrations have also shown 

earnest sample trimming procedures to be valid methods for improving unbiased causal estimates 

(e.g., Sturmer et al., 2021). Regardless, future evaluations could plan for generalizability in 

experimental design (Tipton & Olsen, 2018).  

 Fourth, Hall and colleagues (2024) demonstrate convincingly that school level (i.e., level 

two) factors explain a non-trivial amount of variance observed in reading intervention growth. It 

is possible that school level demographic variables such as whole-school rates of FRL uptake 

may have sustained different environments in which interventions took place. It is most likely 

that any school level effects would influence both interventions similarly. However, this would 

be worthy of investigation if for no other reason than to increase estimate precision.  

 Finally, a Randomized Controlled Trial (RCT) may still be warranted to evaluate whether 

Advanced PA training, as a component, meaningfully affects reading outcomes. Although the 

present study used causally rigorous methodology to create unbiased estimates of treatment 

effects, RCTs remain the gold standard for establishing an evidence base for (or against) an 
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intervention (What Works Clearinghouse, 2022). Propensity weighting approaches like the one 

used in the present study may meet What Works Clearinghouse’s research standards ‘with 

reservations’ (What Works Clearinghouse, 2022). An RCT may meet standards without 

reservations, assuming it is well designed, and no significant attrition occurs. A further benefit to 

conducting an RCT also remedies many of the limitations mentioned previously. A well 

designed RCT may systematically replicate these findings by standardizing the amount of 

fluency instruction at 20 minutes and adding a fixed amount of Advanced PA training for one 

group.  More specifically, future RCT’s may wish to compare Advanced PA instruction to (a) 

instruction in an unrelated skill (e.g., math) to examine effects relative to natural, uninstructed 

growth, (b) Basic PA, (c) PA instruction with the addition of graphemes, or (d) decoding 

instruction to precisely identify how any effects may relate to theoretically similar, but evidence-

supported, interventions.  

Conclusion 

 Advanced Phonemic Awareness (Advanced PA) skills are popular instructional targets 

(Literary Resources, 2023). Despite this popularity, critics have noted an absence of evidence 

supporting the efficacy of Advanced PA for improving text reading. The lone study empirically 

evaluating Advanced PA skills found that KG and Grade 1 students who received universal 

Advanced PA instruction improved on measures of Advanced PA skills, but not on measures of 

word reading and text reading. Proponents of Advanced PA have defended their contentions by 

arguing that (a) Advanced PA is beneficial for students who struggle to read more than those 

who respond to universal instruction, and (b) theory suggests that Advanced PA skills are 

necessary to improve orthographic mapping (Kilpatrick & O’Brien, 2019; Kilpatrick, 2020b). 

The present study evaluated these competing claims about the role of Advanced PA by 
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empirically examining the effect of any amount of Advanced PA training on text reading fluency 

among struggling second- and third-grade readers. Findings from the fixed- and random-effect 

models indicate that this group of students experienced significantly diminished reading fluency 

gains when receiving any amount of Advanced PA, compared to receiving only text reading 

fluency instruction (standard practice). Survival analysis indicates that students in both grades 

who received Advanced PA instruction were significantly less likely to exits Tier 2 instruction 

(Hazard Ratio = 0.22 in Grade 2, 0.35 in Grade 3) and those who did graduate took significantly 

longer periods of time to do so. Taken together, results show that Advanced PA does not appear 

effective for improving connected text reading for struggling readers. The present study provided 

evidence that directly undermines the theory-based hypothesis that Advanced PA skills relate 

meaningfully to orthographic mapping and therefore should improve connected text reading. 

Schools providing Advanced PA intervention to students with Tier 2 needs may consider 

replacing programming with interventions supported by broad research evidence and well 

matched to students’ instructional needs.  
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Figure 1. The Cognitive Foundations Framework (Tunmer & Hoover, 2019), an updated 
framework of the original Simple View of Reading (SVR). Reproduced from Tunmer & Hoover 
(2019). 
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Figure 2. The Active View of Reading (Duke & Cartwright, 2021).  
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Figure 3. The Instructional Hierarchy (IH; Haring & Eaton, 1978). Bullet points at each stage 
describe expected demonstration of the target skill as well as indicated instructional methods.  

 

 

 

 

 

 

 

 



 102 

Figure 4. A mechanistic diagram of the theorized influence of Advanced PA instruction on Text 
Reading. This diagram amalgamates conjectures from Kilpatrick & O’Brien (2019) and 
Kilpatrick (2020b).  
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Figure 5. PRISMA diagram outlining the distillation of original sample into final, trimmed, 
analytic sample. 
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Figure 6a. Love plot detailing standard mean differences between FL and FLPA experimental 
groups (a) unweighted (red), (b) weighted with GLM weights (green), and (c) weighted with 
entropy balancing weights (blue).  
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Figure 6b. Love plot detailing standard mean differences of centered-within-cluster means 
between experimental groups (a) unweighted (red), (b) weighted with GLM weights (green), and 
(c) weighted with entropy balancing weights (blue). 
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Figure 7. Weighted mean ORF scores by condition in Fall and Spring. Note: Point estimates are 
represented by the opaque circles and are surrounded standard deviations represented by the 
translucent ovals.  
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Figure 8. Caterpillar plot depicting estimated random intercepts (relative to overall grand 
intercept at 0) on the X axis by school site on the Y axis.  
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Figure 9. Example site-specific naïve treatment effects for a randomly selected group of 15 
schools. Note: Although treatment means and slopes were allowed to vary in this example graph, 
this is for illustrative purposes only. Only random intercepts were used in the evaluative model, 
though random slopes were used in the sensitivity analyses.  
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Figure 10a. Survival curves and risk tables for second grade multiply imputed datasets. 
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Figure 10b. Survival curves and risk tables for third grade multiply imputed datasets.  
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Figure 11a. Site specific marginal effects for Grade 2. Note: School site is coded on the X-axis 
with estimated treatment effect on the Y axis. More negative values favor FL over FLPA.  
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Figure 11b. Site specific marginal effects for Grade 3. Note: School site is coded on the X-axis 
with estimated treatment effect on the Y axis. More negative values favor FL over FLPA.  
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Table 1. Participant characteristics at baseline for full sample. Note: Parentheses represent 
standard deviations of the mean for WCPM, EPM, and Accuracy, but proportions for the 
remaining variables.  

 
Treatment Status 

Variable Control (Fluency) Treatment (Fluency + 
Advanced PA) 

n 10,820 2,081 

Fall Words Read Correct Per Minute 64.02 (22.60) 34.45 (20.79) 

Fall Errors Per Minute 4.34 (4.52) 7.05 (4.63) 

Fall Accuracy 0.92 (0.09) 0.78 (0.18) 

Gender - Female (%) 5,083 (47.0%) 973 (46.8%) 

Gender - Male (%) 5,068 (47.0%) 955 (45.9%) 

English Language Learner (%) 12% 13% 

Special Education (%) 3% 4% 

Race - AI/AN (%) 157 (1.5%) 20 (1.0%) 

Race - Asian (%) 286 (2.6%) 26 (1.2%) 

Race - Black or African American (%) 2,346 (21.7%) 886 (42.6%) 

Race - Hispanic/Latin(x) (%) 1,091 (10.1%) 272 (13.1%) 

Race - Multiracial (%) 266 (2.5%) 66 (3.2%) 

Race - NH/PI (%) 59 (0.5%) 2 (0.1%) 

Race - White (%) 5,821 (52.2%) 643 (30.9%) 

Grade 2 (%) 4,890 (76.6%) 1,491 (23.4%) 

Grade 3 (%) 5,930 (85.7%) 590 (14.3%) 
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Table 2a. Unbalanced standardized mean differences (SMD) between treatment groups.  
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Table 2b. GLM balanced standardized mean differences (SMD) between treatment groups. 
Logit function using Maximum Likelihood Estimation.  
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Table 2c. Entropy balanced standardized mean differences (SMD) between treatment groups. 
Logit function maximizing Shannon Entropy (minimizing Kullback divergence).   
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Table 3a. Grade 2 descriptive statistics for the final trimmed sample, clustered at the school 
level. Note: Descriptive statistics for participants’ racial identity were not grade specific and 
collapsed across grades.  

  
 

Variable Mean SD IQR 

Fall Words Read Correct 
Per Minute 

43.40 10.26 37.59-51.00 

Fall Accuracy 87.04% 8.50% 84.40 – 92.30% 

Gender - Male (%) 50.40% - 37.20 – 66.70% 

English Learner (%) 10.08% 19.00% 0.00 – 13.39% 

Special Education (%) 3.61% 11.63% 0.0 – 0.0% 

Race - AI/AN (%) 1.41% - 0.00 – 0.00 

Race - Asian (%) 2.75% - 0.00 – 0.00 

Race - Black or African 
American (%) 

27.28% - 0.00 – 50.00% 

Race - Hispanic/Latin(x) 
(%) 

10.68% - 0.00 – 14.29% 

Race - Multiracial (%) 2.18% - 0.00 – 0.00% 

Race - NH/PI (%) 0.34% - 0.00 – 0.00 

Race - White (%) 50.21% - 6.67 – 88.89% 

Home Language English 86.36% 25.37% 83.00 – 100% 
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Table 3b. Grade 3 descriptive statistics for the final trimmed sample, clustered at the school 
level. Note: Descriptive statistics for participants’ racial identity are not grade specific and 
collapsed across grades.  

  
 

Variable Mean SD IQR 

Fall Words Read Correct 
Per Minute 

72.37 13.77 63.70 – 83.47 

Fall Accuracy 92.97% 4.71% 91.02 – 96.12 

Gender - Male (%) 49.17% - 40.0 – 57.1% 

English Learner (%) 12.80% 19.79% 0.00 – 17.8% 

Special Education (%) 2.82% 11.84% 0.00 – 0.00 

Race - AI/AN (%) 1.41% - 0.00 – 0.00 

Race - Asian (%) 2.75% - 0.00 – 0.00 

Race - Black or African 
American (%) 

27.28% - 0.00 – 50.00% 

Race - Hispanic/Latin(x) 
(%) 

10.68% - 0.00 – 14.29% 

Race - Multiracial (%) 2.18% - 0.00 – 0.00% 

Race - NH/PI (%) 0.34% - 0.00 – 0.00 

Race - White (%) 50.21% - 6.67 – 88.89% 

Home Language English 81.75% 28.15% 71.43 – 100% 
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Table 4a. Grade 2 descriptive statistics pooled across 20 multiply imputed data sets. No 
missingness was observed in observations of students’ racial identities.  

 
Treatment Status 

Variable Control (Fluency) Treatment (Fluency + 
Advanced PA) 

Fall Words Read Correct Per Minute 45.21 (14.49) 36.69 (16.91) 

Fall Errors Per Minute 5.15 (4.32) 6.32 (5.17) 

Fall Accuracy 88.36% (10.91%) 81.0% (17.3%) 

Gender - Male (%) 49.66% 51.93% 

English Language Learner (%) 12.29% 12.47% 

Special Education (%) 3.67% 6.36% 

Home Language English 87.23% 87.7% 
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Table 4b. Grade 3 descriptive statistics pooled across 20 multiply imputed data sets. No 
missingness was observed in observations of students’ racial identities.  

 
Treatment Status 

Variable Control (Fluency) Treatment (Fluency + 
Advanced PA) 

Fall Words Read Correct Per Minute 74.38 (19.50) 61.01 (25.84) 

Fall Errors Per Minute 4.23 (3.76) 6.05 (4.25) 

Fall Accuracy 93.89% (6.06%) 87.30 (12.30%) 

Gender - Male (%) 49.19% 50.43% 

English Language Learner (%) 15.36% 18.50% 

Special Education (%) 2.07% 1.11% 

Home Language English 83.04% 79.01% 
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Table 5a. Grade 2 participant characteristics at baseline for the updated, trimmed sample. Note: 
Data in this table use listwise deletion, not MI.  

Variable Control (Fluency) Treatment (Fluency + 
Advanced PA) 

n 1,308 397 

Fall Words Read Correct Per Minute 46.19 (13.92) 34.00 (16.64) 

Fall Errors Per Minute 5.00 (4.18) 6.77 (5.47) 

Fall Accuracy 89.0% (10.0%) 80.0% (17.0%) 

Gender - Female (%) 638 (48.8%) 188 (47.4%) 

English Language Learner (%) 9% 10% 

Special Education (%) 3% 5% 

Race - AI/AN (%) 17 (1.3%) 5 (1.3%) 

Race - Asian (%) 38 (2.9%) 6 (1.5%) 

Race - Black or African American (%) 322 (24.6%) 118 (29.7%) 

Race - Hispanic/Latin(x) (%) 106 (8.1%) 39 (9.8%) 

Race - Multiracial (%) 30 (2.3%) 7 (1.8%) 

Race - NH/PI (%) 5 (0.4%) 0 (0.0%) 

Race - White (%) 732 (56.0%) 209 (52.6%) 
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Table 5b. Grade 3 participant characteristics at baseline for the updated, trimmed sample. Note: 
Data in this table use listwise deletion, not MI.   

Variable Control (Fluency) Treatment (Fluency + 
Advanced PA) 

n 1,350 181 

Fall Words Read Correct Per Minute 74.89 (19.05) 56.08 (26.31%) 

Fall Errors Per Minute 4.16 (3.70) 6.72 (4.25) 

Fall Accuracy 0.94 (0.06) 0.86 (0.13) 

Gender - Female (%) 661 (49.0%) 86 (47.5%) 

English Language Learner (%) 13% 17% 

Special Education (%) 3% 2% 

Race - AI/AN (%) 27 (2.0%) 5 (2.8%) 

Race - Asian (%) 47 (3.5%) 8 (4.4%) 

Race - Black or African American (%) 477 (35.3%) 73 (40.3%) 

Race - Hispanic/Latin(x) (%) 157 (11.6%) 26 (14.4%) 

Race - Multiracial (%) 33 (2.4%) 2 (1.1%) 

Race - NH/PI (%) 8 (0.6%) 0 (0.0%) 

Race - White (%) 536 (39.7%) 60 (33.1%) 
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Table 6a. Excluded participant characteristics for Grades 2 and 3 by condition.  

Variable Control (Fluency) Treatment (Fluency + 
Advanced PA) 

 
Grade 2 

Fall Words Read Correct Per Minute 46.94 (14.76) 28.18 (16.30) 

Fall Errors Per Minute 5.02 (4.91) 7.39 (4.36) 

Fall Accuracy 89.00% (11.00%) 74.00% (19.00%) 

 Grade 3 

Fall Words Read Correct Per Minute 77.74 (18.23) 41.97 (23.33) 

Fall Errors Per Minute 3.73 (4.48) 6.55 (4.58) 

Fall Accuracy 95.00% (6.00%) 82.00% (15.00%) 
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Table 6b. Grade 2 descriptive statistics for excluded participants, clustered at the excluded 
school level. Note: Descriptive statistics for participants’ racial identity are not grade specific 
and collapsed across grades.  

Variable Mean SD IQR 

Fall Words Read Correct 
Per Minute 

42.77 13.11 35.06 – 51.75 

Fall Accuracy 85.85% 10.47% 82.97% - 92.66% 

Fall Errors Per Minute 5.48 2.57 3.67 – 6.99 

Gender - Male (%) 50.48% 24.00% 33.33% – 66.67% 

English Learner (%) 12.71% 24.13% 0.00% - 16.67% 

Special Education (%) 3.66% 13.78% 0.00% - 0.00% 

Race - AI/AN (%) 1.34% 
 

 

Race - Asian (%) 2.54% 
 

 

Race - Black or African 
American (%) 

23.50% 
 

 

Race - Hispanic/Latin(x) 
(%) 

10.28% 
 

 

Race - Multiracial (%) 2.86% 
 

 

Race - NH/PI (%) 0.43% 
 

 

Race - White (%) 49.69% 
 

 

Home Language English 81.50% 32.29% 80.00% - 100.00% 
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Table 6c. Grade 3 descriptive statistics for excluded participants, clustered at the excluded 
school level. Note: Descriptive statistics for participants’ racial identity are not grade specific 
and collapsed across grades.  

Variable Mean SD IQR 

Fall Words Read Correct 
Per Minute 

75.43 15.21 68.00 – 85.64 

Fall Accuracy 93.99% 5.30 93.02% - 96.92% 

Fall Errors per Minute 3.96 2.43 2.60 – 4.93 

Gender - Male (%) 48.32% 23.21% 33.33% – 62.50% 

English Learner (%) 11.88% 23.72% 0.00% - 14.29% 

Special Education (%) 3.41% 13.19% 0.00% - 0.00% 

Race - AI/AN (%) 1.34% 
 

 

Race - Asian (%) 2.54% 
 

 

Race - Black or African 
American (%) 

23.50% 
 

 

Race - Hispanic/Latin(x) 
(%) 

10.28% 
 

 

Race - Multiracial (%) 2.86% 
 

 

Race - NH/PI (%) 0.43% 
 

 

Race - White (%) 49.69% 
 

 

Home Language English 82.47% 31.64% 80.00% – 100.00% 
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Table 7a. Weighted baseline and outcome descriptive statistics by treatment group for Grades 2 
and 3.  

Variable Control (Fluency) Treatment (Fluency + 
Advanced PA) 

 
Grade 2 

Fall Words Read Correct Per Minute 33.90 (13.92) 34.00 (16.64) 

Fall Errors Per Minute 6.76 (4.18) 6.77 (5.47) 

Fall Accuracy 80.22 (10.38%) 80.30 (16.79%) 

Spring Words Read Correct per 
Minute 

93.75 (21.83) 74.96 (27.38) 

Unweighted Spring WCPM 100.13 (21.83) 74.97 (27.38) 
 

Grade 3 
 

Fall Words Read Correct Per Minute 56.07 (19.05) 56.08 (26.31) 

Fall Errors Per Minute 6.72 (3.70) 6.72 (4.25) 

Fall Accuracy 85.76 (5.90%) 85.77 (12.79%) 

Spring Words Read Correct per 
Minute 

106.54 (24.85) 86.28 (33.67) 

Unweighted Spring WCPM 116.57 (24.82) 86.28 (33.67) 

 

 

Table 7b. Centered, weighted baseline and outcome descriptive statistics within school for 
treatment and control groups.   

Variable  Grade 2  Grade 3  
  

  Control  Treatment  Control  Treatment  
Fall Words Read 

Correct Per Minute  
10.99 (4.13)  0 (5.07)  13.18 (3.96)  0 (9.57)  

Fall Errors Per Minute  -1.874 (1.74)  0 (1.83)  -1.67 (1.33)  0 (2.05)  
Fall Accuracy  0.08 (0.03)  0 (0.04)  0.07 (0.02)  0 (0.05)  
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Table 8a. Marginal Effect Estimates for Fixed Effect Models. Note: SE represents cluster robust 
(CR2) standard errors clustered by school 

Model Estimate SE Z P CI CI 

Grade 2 - 
Listwise 

-15.8 5.89 -2.69 .007 -27.4 -4.27 

Grade 2 - 
MI 

-11.8 2.09 -5.64 <.001 -15.9 -7.69 

Grade 3 - 
Listwise 

-8.52 1.79 -4.76 <.001 -12 -5.01 

Grade 3 - 
MI 

-13.8 3.72 -3.71 <.001 -21.1 -6.52 
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Table 8b. Fixed effect model coefficient output for Grade 2 MI data. Adjusted Model R2 = 0.8177.  Note: 
No single beta represents the effect of treatment status due to the treatment by covariate interactions. 
Marginal effects summarize effects of treatment status by g-computing over all calculated betas. Note: 
Betas for School ID and Treatment by School ID interactions could not be included in the table due to the 
number of terms (400+). School specific marginal effects (Treat x Site ID), however, are visualized in 
Figure 11.  

Variable Beta SE t P 

Intercept 86.55 1.31 66.03 <.001 

Treatment Status (1 for 
FLPA, 0 for FL) 

20.45 2.39 8.55 <.001 

Baseline ORF 0.12 0.01 9.89 <.001 

Baseline Accuracy 11.13 1.78 6.24 <.001 

Baseline Errors 0.17 0.04 4.27 <.001 

EL Status -4.59 0.70 -6.52 <.001 

Home Language English -22.47 0.89 -25.19 <.001 

Treat x Baseline ORF 0.04 0.03 1.489 .137 

Treat x Baseline Acc. 114.70 5.01 22.90 <.001 

Treat x Baseline Errors 2.21 0.10 21.07 <.001 

Treat x EL Status 2.82 1.49 1.90 .057 

Treat x Home Language 19.28 1.75 11.00 <.001 

Site IDs     

TX * Site ID’s     
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Table 8c. Fixed Effect model coefficient output for Grade 3 MI Data. Adjusted Model R2 = 
0.8051. Note: No single beta represents the effect of treatment status due to the treatment by 
covariate interactions. Marginal effects summarize effects of treatment status by g-computing 
over all calculated betas. Note: Betas for School ID and Treatment by School ID interactions 
could not be included in the table due to the number of terms (400+).  

Variable Beta SE t P 

Intercept 125.33 1.28 97.93 <.001 

Treatment Status (1 for 
FLPA, 0 for FL) 

-42.33 3.34 -12.67 <.001 

Baseline ORF 0.15 0.01 24.348 <.001 

Baseline Accuracy 72.54 2.60 27.88 <.001 

Baseline Errors -0.24 0.03 -6.66 <.001 

EL Status 3.33 0.51 6.52 <.001 

Home Language English 0.59 0.58 1.03 .305 

Treat x Baseline ORF -0.03 0.02 -1.422 .155 

Treat x Baseline Acc. -49.92 4.53 -11.03 <.001 

Treat x Baseline Errors 0.77 0.09 8.37 <.001 

Treat x EL Status -7.86 1.88 -4.17 <.001 

Treat x Home Language 15.84 2.26 7.00 <.001 

Site IDs     

TX * Site ID’s     
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Table 9a. Random Effects model coefficient outputs for Grade 2 MI data. The Level 2 variance 
component was estimated at 351.81 (SE = 17.76).   

Variable Estimate SE T value P 

Intercept 93.01 1.96 47.496 <.001 

Treatment Status (1 for 
FLPA, 0 for FL) 

-12.93 1.82 -7.10 <.001 

Baseline ORF 0.30 0.06 5.17 <.001 

Baseline Accuracy 31.34 15.67 2.00 .023 

Baseline Errors 0.50 0.21 2.37 .009 

EL Status -5.28 2.85 -1.86 .031 

Home Language English -7.29 4.89 -1.49 .068 

Treatment x Baseline ORF -0.14 0.18 -0.79 .215 

Treatment x Baseline Acc. 94.72 43.10 2.20 .014 

Treatment x Baseline Err. 1.89 0.78 2.43 .008 

Treatment x EL Status 3.52 5.13 0.69 .245 

Treatment x Home Lang.  4.10 6.14 0.67 .251 
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Table 9b. Random effect model coefficient output for Grade 3 MI data. The Level 2 variance 
component was estimated at 724.23 (SE = 26.91).  

Variable Estimate SE T value P 

Intercept 103.56 3.52 29.43 <.001 

Treatment Status (1 for 
FLPA, 0 for FL) 

-8.81 2.60 -3.39 <.001 

Baseline ORF 0.24 0.05 4.81 <.001 

Baseline Accuracy 113.18 24.69 4.58 <.001 

Baseline Errors 0.494 0.26 1.91 .028 

EL Status -0.99 4.42 -0.22 .413 

Home Language English -0.80 4.72 -0.17 .432 

Treatment x Baseline ORF 0.63 0.34 1.83 .034 

Treatment x Baseline Acc. -91.89 125.96 -0.73 .233 

Treatment x Baseline Err. 0.98 1.29 0.76 .224 

Treatment x EL Status 31.24 12.13 2.57 .005 

Treatment x Home Lang.  56.81 16.62 3.42 <.001 
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Table 10a. Cox Proportional Hazards model coefficient output for Grade 2 MI Data 

Variable Beta Hazard Ratio SE P 

Treatment Status (1 for 
FLPA, 0 for FL) 

-1.516 0.22 0.05 <.001 

Baseline ORF 0.03 1.04 0.01 <.001 

Baseline Accuracy 0.05 1.05 0.01 <.001 

Baseline Errors 0.01 1.01 0.01 .121 

EL Status -0.52 0.59 0.11 <.001 

Home Language English -0.04 0.96 0.09 .653 
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Table 10b. Cox Proportional Hazards model coefficient output for Grade 3 MI Data 

Variable Beta Hazard Ratio SE P 

Treatment Status (1 for 
FLPA, 0 for FL) 

-1.65 0.19 0.06 <.001 

Baseline ORF 0.04 1.04 0.01 <.001 

Baseline Accuracy 0.04 1.04 0.01 <.001 

Baseline Errors 0.03 1.03 0.01 .008 

EL Status -0.43 0.65 0.07 <.001 

Home Language English -0.10 0.90 0.05 .052 
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Table 11: Estimates of treatment effect under sensitivity analyses. Note: Fixed effect estimates 
represent marginal effects, while Random Effect estimates represent raw estimates.  

Model Estimate SE Z P CI CI 

Grade 2 – No T by X 
(Fixed Effect) 

-12.80 1.42 -9.02 <.001 -15.60 -10.00 

Grade 3 – No T by X 
(Fixed Effect) 

-8.89 2.12 -4.20 <.001 -13.00 -4.74 

Grade 2 – No T by X 
(Random Effect) 

-12.82 1.80 -7.13 <.001 -16.35 -9.29 

Grade 3 – No T by X 
(Random Effect) 

-8.90 2.52 -3.53 <.001 -13.84 -3.96 

Grade 2 – Quadratic 
(Fixed Effect) 

-11.00 2.58 -4.26 <.001 -16.00 -5.93 

Grade 3 – Quadratic 
(Fixed Effect) 

-3.49 8.46 -0.413 .680 -20.10 +13.1 

Grade 2 – Quadratic 
(Random Effect) 

-12.68 1.81 -7.01 <.001 -16.23 -9.13 

Grade 3 – Quadratic 
(Random Effect) 

-16.73 2.85 -5.87 <.001 -22.34 -11.12 

Grade 2 – Random 
Slopes 

-12.91 2.02 -6.403 <.001 -16.87 -8.95 

Grade 3 – Random 
Slopes 

-20.99 2.72 -7.72 <.001 -26.32 -15.66 

Grade 2 – 20+ 
sessions (Fixed 

Effect) 

-11.40 3.92 -2.91 .002 -19.08 -3.72 

Grade 3 – 20+ 
sessions (Fixed 

Effect) 

-12.00 2.74 -4.38 <.001 -17.40 -6.63 

Grade 2 – 20+ 
sessions (Random 

Effect) 

-12.87 1.91 -6.75 <.001 -16.61 -9.13 

Grade 3 – 20+ 
sessions (Random 

Effect) 

-7.68 2.50 -3.07 .002 -12.58 -2.78 
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Grade 2 – 40+ 
sessions (Fixed 

Effect) 

-14.1 2.41 -5.86 <.001 -18.90 -9.41 

Grade 3 – 40+ 
sessions (Fixed 

Effect) 

-13.1 3.76 -3.48 <.001 -20.47 -5.73 

Grade 2 – 40+ 
sessions (Random 

Effect) 

-11.99 1.87 -6.40 <.001 -15.66 -8.32 

Grade 3 – 40+ 
sessions (Random 

Effect) 

-9.36 3.16 -2.96 .003 -15.55 -3.17 

Mean Sensitivity 
Analysis Effect 

Estimate 

-11.87      
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Table 12. Centered, weighted baseline and outcome descriptive statistics within school for treatment 
and control groups.   

Variable  Grade 2  Grade 3  
  

  Control  Treatment  Control  Treatment  
Fall Words Read 

Correct Per Minute  
10.99 (4.13)  0 (5.07)  13.18 (3.96)  0 (9.57)  

Fall Errors Per Minute  -1.874 (1.74)  0 (1.83)  -1.67 (1.33)  0 (2.05)  
Fall Accuracy  0.08 (0.03)  0 (0.04)  0.07 (0.02)  0 (0.05)  

 


