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Abstract
We evaluated the effects of student characteristics (sight word reading efficiency, phonological
decoding, verbal knowledge, level of reading ability, grade, gender) and text features (passage
difficulty, length, genre, and language and discourse attributes) on the oral reading fluency of a
sample of middle-school students in Grades 6–8 (N = 1,794). Students who were struggling (n =
704) and typically developing readers (n = 1,028) were randomly assigned to read five 1-min
passages from each of 5 Lexile bands (within student range of 550 Lexiles). A series of multilevel
analyses showed that student and text characteristics contributed uniquely to oral reading fluency
rates. Student characteristics involving sight word reading efficiency and level of decoding ability
accounted for more variability than reader type and verbal knowledge, with small, but statistically
significant effects of grade and gender. The most significant text feature was passage difficulty
level. Interactions involving student text characteristics, especially attributes involving overall
ability level and difficulty of the text, were also apparent. These results support views of the
development of oral reading fluency that involve interactions of student and text characteristics
and highlight the importance of scaling for passage difficulty level in assessing individual
differences in oral reading fluency.
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Among elementary- and middle-grade readers, oral reading fluency plays a fundamental role
in the comprehension of connected text (Catts, Adlof, & Hogan, 2005; Gough, Hoover, &
Peterson, 1996; Juel, 1988). Oral reading fluency is moderately predictive of performance
on reading comprehension measures (Hintze & Silberglitt, 2005; Reschley, Busch, Betts,
Deno, & Long, 2009), with individual differences in oral reading fluency helping to account
for individual differences in children who struggle to comprehend text (Catts et al., 2005;
Cirino et al., in press; Hock et al., 2009; Jenkins, Fuchs, van den Broek, Espin, & Deno,
2003b). In addition, in latent variable studies, oral reading fluency is a construct that shows
some independence from untimed reading accuracy measures and from comprehension
measures (Cirino et al., in press).

Fluency and Comprehension: Theoretical Perspectives
Cognitive models of discourse processing suggest that multiple levels of language and
discourse influence the rate at which text is processed (Gernsbacher, 1990; Graesser, Millis,
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& Zwaan, 1997; Kintsch, 1988). For example, the lexical quality hypothesis (Perfetti, 2007)
and landscape model (van den Broek, Risden, Fletcher, & Thurlow, 1996) suggest that
efficient text processing results when high-quality representations of words are retrieved
easily, with their context-specific meanings reliably integrated into the existing mental
model of text. The lexical quality hypothesis suggests that a word or its lexical
representation is of high quality when it is semantic (i.e., meaning), orthographic (i.e.,
spelling), phonological (i.e., pronunciation), and grammar (grammatical class and
morphosyntactic inflections) constituents are tightly coupled and available synchronously at
the point of retrieval during reading (Perfetti, 2007; Perfetti & Hart, 2001). The landscape
model builds on the lexical quality hypothesis and suggests that if lexical representations
retrieved during reading are of low quality and jeopardize the construction of a coherent
mental model of text, then comprehension monitoring processes are actively initiated in an
attempt to maintain or repair coherence. Comprehension monitoring processes tap
information from higher levels of cognitive processing, prior knowledge of the topic,
general processing skill, and knowledge of text features in order to resolve comprehension
misfires (Graesser & Clark, 1985; Graesser, Millis, & Zwaan, 1997; Kintsch, 1988;
Trabasso & Magliano, 1996; van den Broek, Rapp, & Kendeou, 2005).

Taken together, cognitive models of discourse processing suggest that reading fluency is an
interactive process and represents the ability to rapidly retrieve lexical representations of
words and engage higher level cognitive processes at the appropriate level and speed for the
specific text being read, which in turn facilitates the reader’s construction of a coherent
mental model of the text. The cognitive processes that support reading fluency in individual
readers likely vary with text demands (passage difficulty, passage length, language and
discourse features, and type of text being read). Thus, an important next step is to
understand sources of individual differences (i.e., text, reader, and interactions of text and
reader) in text processing to help to weight the contributions of these factors to the
development of oral reading fluency. In the next sections, we review characteristics of the
reader and features of the text that influence oral reading fluency.

Characteristics of the Reader
Sight word reading—Past research suggests that “sight” word reading efficiency
accounted for 58%–82% of the variance in oral reading fluency (ORF) among elementary-
grade readers (Torgesen, Rashotte, & Alexander, 2001). Among a representative sample of
527 students in Grade 8, Barth, Catts, and Anthony (2009) reported that the standardized
factor loading of sight word reading efficiency on a latent ORF factor was 0.91. Recent
research suggests that among middle-grade readers, the magnitude of relation between sight
word efficiency and reading fluency might vary by reading ability and socioeconomic status,
with the relation significantly higher among struggling readers (0.87) than typically
developing readers (0.60) (Cirino et al., in press) and lower among poor comprehenders
living in urban neighborhoods (0.41–0.55) (Braesseur-Hock, Hock, Kieffer, Biancarosa, &
Deshler, 2011). Although the magnitude of the relation between ORF and reading
comprehension may vary by reader ability and reader attributes, sight word efficiency plays
a prominent role in ORF among middle-grade readers.

Phonological decoding—Recent research has also evaluated the unique contribution of
phonological decoding to ORF among elementary-grade readers, with phonological
decoding accounting for 2%–10% of the variance in reading fluency after controlling for
sight word reading efficiency (Torgesen et al., 2001). For older readers, Barth et al. (2009)
reported that phonological decoding uniquely accounted for 10% of the variance in ORF
after controlling for working memory and nonverbal cognition. Cirino et al. (in press)
reported that the latent correlations between phonological decoding and reading fluency was
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0.73 among struggling readers and 0.57 among typically developing readers. However,
Adlof, Catts, and Little (2006) reported a latent correlation of phonological decoding and
reading fluency of 0.93. Although phonological decoding and reading fluency were highly
correlated constructs, Adlof et al. indicated that the two constructs showed unique and
reliable, nonoverlapping variance, thereby permitting them to be tested as separate
constructs among middle-grade readers.

Verbal knowledge—When students read for understanding, word and world knowledge
likely play a role in limiting or facilitating ORF rates. Among elementary-grade samples,
verbal knowledge accounted for approximately 6%–9% of the variance in reading fluency
(Torgesen et al., 2001). Among middle-grade readers, Barth et al. (2009) reported that a
latent language comprehension variable uniquely accounted for 8.5% of the variance in
reading fluency after controlling for working memory and nonverbal cognition. At the
manifest level, the correlation between verbal knowledge, as measured by the Peabody
Picture Vocabulary Test– Revised (Wiederholt & Bryant, 1982), and reading fluency, as
measured by the Gray Oral Reading Test–3 (Dunn & Dunn, 1981), was .65. Adlof et al.
(2006) reported that the latent correlation between reading fluency and a general language
factor was .71.

Reader ability, gender, and grade level—General reading ability (e.g., skilled vs.
struggling), gender, and grade level may also account for individual differences in ORF with
skilled readers and older readers benefiting more from context and features of text than less
skilled and younger readers (Hiebert, 2005; Myers & Paris, 1978; O’Connor et al., 2002;
Torgesen et al., 2001). For example, Jenkins, Fuchs, van den Broek, Espin, & Deno, 2003a)
examined the facilitative effect of context-based reading versus context-free reading. They
demonstrated that skilled students benefited significantly from context, reading connected
text 3 times faster than struggling students. Daane, Campbell, Grigg, Goodman, and Oranje
(2005) examined the substantive influence of student characteristics (gender, race, and
reading ability) on reading fluency rates among 1,779 students in Grade 4. They reported
that females read, on average, faster, more accurately, and with greater prosody than males.
Differences among average reading rates were also observed among students categorized by
race/ ethnicity, with 45% of White students reading at an average rate of 130 words per
minute or more, compared with 18% of African American students, and 24% of Hispanic
students. Lastly, the relation between reading rate and reading comprehension was positive.

Features of the Text
Passage difficulty—Variability in ORF performance has been linked to variations in text
difficulty (Betts, Pickart, & Heistad, 2009; Hintze, Daly, & Shaprio, 1998). Christ &
Silberglitt (2007) estimated the magnitude of standard error of measurement (SEM) for ORF
scores across passage sets among 8,200 students in Grades 1–5. Results revealed that a
major contributor to the observed magnitude of the SEM was variability in passage difficulty
within passage sets. The SEM averaged 10 words read correct per minute across Grades 1–5.
Francis et al. (2008) examined the effect of passage difficulty and presentation order on
ORF rates among 134 students in Grade 2. Passage effects significantly altered the shape of
students’ growth trajectories and affected estimates of linear growth rates. Poncy, Skinner,
and Axtell (2005) used generalizability theory to assess variability in ORF scores
attributable to students, passages, and error among 37 students in Grade 3. Results revealed
that 81% of the variance in ORF rates was due to student reading proficiency, 10% due to
passage variability, and 9% due to unaccounted sources of measurement error.

Passage length—Passage length has also been reported to influence ORF rates.
Biancarosa (2005) compared the predictive utility of ORF calculated for sentence reading
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and passage reading. Text length significantly affected the magnitude of correlations of
fluency and comprehension, with passage reading rates explaining more variance (about
20%) in reading comprehension than sentence reading rates. Daane et al. (2005) examined
the substantive influence of reading duration on reading fluency rates calculated for the first
60 s and the full passage among students in Grade 4. They reported that for skilled students,
reading fluency estimates obtained for 1 min of reading were comparable to estimates
obtained for the full passage. However, among struggling students, reading for shorter
periods of time (i.e., 1 min) was associated with higher comprehension performance than
reading for longer periods of time (i.e., full passage).

Genre—Several studies have demonstrated that children’s reading performance differs by
genre, defined as both text structure and format (Stamboltzis & Pumfrey, 2000). Knowledge
of text structure may signal students about information relevant to the text’s topic or
structure that in turn cues germane background knowledge (Perfetti, 1994). Among older
students, narrative prose is easier to read (Graesser, Hoffman, & Clark, 1980) and better
understood (Best, Floyd, & McNamara, 2008; Diakidoy, Stylianou, Karefillidou, &
Papageorgiou, 2005) than expository prose. Cervetti, Bravo, Hiebert, Pearson, and Jaynes
(2009) reported that direct manipulations of genre where students read both a fictional
narrative and expository text on the same topic did not differentially impact reading
accuracy or reading rate. In contrast, Hiebert (2005) reported that students who read
expository texts from science and social studies made greater gains than students who read
narrative texts from basal readers.

Language and discourse features—Language and discourse features influence
reading comprehension and could potentially influence reading fluency (Graesser,
McNamara, & Kulikowich, 2011). Language and discourse features influence the activation
of information during reading because ideas in text that are consistent with semantic and
conceptual long-term memory are activated more quickly during reading (e.g., Collins &
Loftus, 1975; Smith, Shoben, & Rips, 1974). Information in the online processing cycle
during reading, which includes the current sentence and the highly activated information
prior to the sentence being read, may reactivate information in working memory from
previous processing cycles (Albrecht & O’Brien, 1993; Myers & O’Brien, 1998). Semantic
overlap across processing cycles (e.g., redundancy) leads to faster processing times
(Kintsch, 1988). Moreover, readers are more likely to reactivate information from previous
processing cycles when the information in the online processing cycle contributes to
comprehension and the evolving mental model of the text (O’Brien, Albrecht, Hakala, &
Rizzella, 1995; Suh & Trabasso, 1993). Whereas consistent information across cycles
speeds processing times, inconsistent information results in slower reading times because it
violates a reader’s goals or standards of coherence. Under such circumstances, the reader
must first identify the inconsistency and then engage strategic, comprehension monitoring
processes in an attempt to maintain or repair coherence (Albrecht & O’Brien, 1993). Thus,
language and discourse features likely influence the rate at which complex written texts can
be reliably processed and a mental model of text can be built.

Recent research has helped consolidate frameworks for assessing language and discourse
factors (Graesser et al., 2011). For example, Graesser et al. (2011) reviewed the automated
text analyses systems that are currently used to scale texts on multiple characteristics and
identified 53 measures that characterize the words, sentences, and connections between
sentences associated with deep levels of comprehension. In an attempt to reduce the 53
measures to a small number of functional dimensions, Graesser et al. performed a principal
component analysis (PCA) on a corpus of 37,520 texts and validated the PCA by examining
the extent to which the z-scores of each factor varied as a function of genre (i.e., language
arts, social studies, and science) and grade (grades were based on Degrees of Reading Power
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scores that were transformed into grade levels that aligned with the Common Core literacy
standards of the Common Core State Standards Initiative, 2010; National Governors
Association Center for Best Practices, Council of Chief State School Officers, 2010).
Results revealed that five functional dimensions of text aligned with the multilevel
theoretical frameworks of reading comprehension and explained a significant proportion of
the variability among texts.

The five dimensions include (a) Narrativity: “captures the extent to which the text conveys a
story, a procedure, or a sequence of episodes of actions and events with animate beings”; (b)
Referential cohesion: “the extent to which explicit content words and ideas in the text are
connected with each other as the text unfolds”; (c) Syntactic simplicity is “higher when
sentences have fewer words and simpler, more familiar syntactic structures”; (d) Word
concreteness is “higher when a higher percentage of content words are concrete, are
meaningful, and evoke mental images—as opposed to being abstract”; and (e) Deep
cohesion is “higher to the extent that clauses and sentences in the text are linked with causal
and intentional (goal-oriented) connectives” (Graesser et al., 2011). Recent research has
shown that language and discourse factors can reliably identify differences between written
text and spoken discourse (Graesser, Jeon, Yang & Cai, 2007), among various sources,
purposes, and authors of written texts (Crossley, McCarthy, Louwerse, & McNamara, 2007;
Graesser, Jeon, Cai, & McNamara, 2008), and between texts of high and low cohesion
(McNamara, Louwerse, McCarthy, & Graesser, 2010). However, little research has
examined the extent to which these language and discourse features interact with
characteristics of the reader to influence the rate in which passages are read.

Study Purpose
Previous research has suggested that characteristics of the reader and features of the text
significantly influence oral reading fluency performance. However, the extent to which
reader characteristics and text features interact to affect the measurement of reading fluency
has not been systematically investigated, especially among middle-grade readers. Therefore,
the first purpose of the present study was to evaluate the extent to which reader
characteristics (i.e., reader abilities, gender, and grade level) affect ORF performance among
middle-grade readers. We predict that sight word reading efficiency will have the largest
effect on ORF performance given its high correlation with ORF among middle-grade
readers (Adlof et al., 2006).

The second purpose was to examine how text-level features, such as passage length, genre,
difficulty level, and language and discourse features, affect ORF performance. We predict
that difficulty, as measured by Lexile, will have the largest effect on ORF given that the set
of other measures of text ease/difficulty are strongly related to Lexiles and also how long it
takes to read a passage (Graesser & McNamara, 2011). Lexile is a function of passage word
frequency and syntactic complexity, with longer sentence lengths and words of lower
frequency leading to higher Lexile values (Lennon & Burdick, 2004). Existing research has
shown that genre (i.e., narrativity) and syntax had the most robust correlation with Lexile
scores as well as reading times (Graesser & McNamara, 2011). Although there are many
alternative ways of measuring text difficulty, Lexile was selected because no other measure
of text difficulty yields an interval scale that can be used to scale both text difficulty and
reader ability.

Our final purpose was to investigate the whether characteristics of the reader and features of
text interact in the assessment of ORF. We predict that the impact of passage difficulty level
on ORF rates will depend on the ability level and grade level of the student, with skilled
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readers modulating their reading rates more effectively than struggling students and older
readers modulating their reading rates more successfully than younger students.

Method
Participants

The participants were students in Grades 6 through 8 (N = 1,794) who were first-year
participants in a multiyear reading intervention study conducted in two large urban cities in
the southwestern United States (Vaughn et al., 2010). The study participants were from
seven middle schools and were selected into the study as either adequate or struggling
readers (see below). Three of the seven schools were from a large urban district in one city.
Four schools were from two medium-sized districts that drew both urban students from a
nearby city and rural students from the surrounding areas. The percentage of students
qualifying for reduced or free lunch ranged from 56% to 86% in the first site and from 40%
to 85% in the second site. Sixty-two students were excluded from the analyses because of
incomplete data (final sample, N = 1,732). The excluded students were comparably
distributed across grade, gender, and reader group (i.e., typical vs. struggling readers).

Although the present study was specifically designed to evaluate the three research
questions, because the parent study focused on intervention, struggling readers were
overrepresented in the sample (1,028 Struggling, 704 Typical). Struggling readers were
defined as students who scored at or below a scaled score of 2,150 on their first attempt of
the state reading comprehension assessment taken in the spring prior to the study year. The
scale score of 2,150 is one-half of one SEM above the pass–fail cutpoint (2,100) for the test.
It was selected to ensure that all potential struggling readers (students who failed the test and
those hovering around the cutpoint who may not meet the threshold if tested again) were
included in the intervention study. In addition, students in special education who did not
take the state accountability test because of an exemption and extremely poor reading skills
were also defined as struggling readers. Adequate readers obtained scale scores above 2,150
on their first attempt in the spring prior to the study year. Students were excluded if (a) they
were enrolled in a special education life skills class; (b) their reading performance levels
were below a first-grade reading level; (c) they presented a significant sensory disability
(e.g., blind, deaf); or (d) were classified as Limited English Proficient by their district.
Because more than 80% of students pass the test, we randomly selected adequate readers
within school (and grade) in proportion (2:3) to the number of struggling readers.

Measures
ORF was assessed with different passages (both within and between students) to evaluate
text effects on student fluency.

The ORF-passage fluency (ORF-PF)—The passages used for the assessment of ORF
were designed as progress monitoring assessments in Grades 6 through 8 specifically for the
purposes of the present study. The ORF-PF assessment consists of graded passages
administered as short 1-min probes to assess fluency of text reading. The passages were
derived from other passages to which the authors had access or were written to fill in gaps in
the needed levels of difficulty. For this study, there were thirty-five, 108–591 word
passages. The outcome measure is words correct per minute (WCPM). Mean fluency
correlations among the passages for Grades 6 – 8 were .89–.90.

Passage features—For this study, students read five passages consecutively at a single
time point. The passages varied in multiple features, some of which were evaluated in this
study as potential sources of within-student variation in fluency. The eight text features
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evaluated included (a) difficulty as measured by Lexile, (b) text type (narrative vs.
expository), (c) page length, (d) narrativity, (e) syntactic simplicity, (f) word concreteness,
(g) referential cohesion, and (h) deep cohesion.

1. Lexile (Stenner, Burdick, Sanford, & Burdick, 2007) is a measure of test difficulty
and a function of word frequency and sentence length. The scale is based on item
response theory and the typical text measure range is 0 –1,800 Lexiles. Lexile was
a factor in the study design including the randomization of students to passage sets
(see the Procedure section). The passages in this study ranged in difficulty from
390 to 1,110 Lexiles.

2. Text type. Passages were categorized as narrative or expository prior to the study,
although this feature was not a factor in the study design. A passage was
categorized as narrative if the purpose was to tell a story, to entertain, or to provide
an aesthetic literacy experience for the reader. Narrative passages followed a story
grammar or structure composed of (a) beginning, (b) middle, and (c) end (Tonjes,
Wolpow, & Zintz, 1999). A passage was categorized as expository if its primary
purpose is to convey information, to explain, to describe, or to persuade (Heller,
1995). Expository passages followed a macrostructure such as (a) description, (b)
enumeration, (c) sequence/procedure, (d) compare/contrast, (e) problem/solution,
or (f) argumentation/persuasion (Culatta, Horn, & Merritt, 1998; Westby, 1994).
Twelve of the passages were categorized as narrative and 23 as expository.
Passages were reviewed by two Language Arts teachers and rated as either
narrative or expository. Disagreements were resolved by one of the primary
investigators associated with the research project.

3. Page length. After data collection, the passages were categorized according to page
length (as presented to the students). Six, 10, and 19 passages were .5, 1, and 1.5
pages in length, respectively.

The following five passage features were calculated after study implementation
using Coh-Metrix (Graesser et al., 2011). These features represent five dimensions
resulting from the PCA of 53 Coh-Metric measures.

4. Narrativity is the degree to which text is storylike and includes animate beings as
opposed to information about topics. It is a function of multiple Coh-Metrix
measures including firstperson and third-person pronouns and intentional actions,
events, and particles. Narrativity scores for the passages used in this study range
from .10 to .98.

5. Syntactic simplicity. Texts with higher syntactic simplicity scores include sentences
with fewer words and simpler structures (e.g., fewer words before main verb,
sentences with similar syntactic structure throughout passage). Syntactic simplicity
scores for the passages used in this study range from .54 to .99.

6. Word concreteness. Higher scores for word concreteness are associated with texts
that contain “a higher percentage of words that are concrete, meaningful, and evoke
mental images” (Graesser et al., 2011, p. 230). Word concreteness scores for the
passages used in this study range from .24 to .97.

7. Referential cohesion is the extent to which words overlap across sentences in the
text. Referential cohesion scores for the passages used in this study range from .07
to .68.

8. Deep cohesion represents the extent to which clauses and sentences in text are
linked with goal-oriented connectives. Deep cohesion scores for the passages used
in this study range from .10 to .98.

Barth et al. Page 7

J Educ Psychol. Author manuscript; available in PMC 2014 February 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Verbal and reading achievement was assessed with the same measures for all students to
evaluate the effects of student characteristics on ORF.

Kaufman Brief Intelligence Test-2 Verbal Knowledge subtest (KBIT; Kaufman
& Kaufman, 2004)—The KBIT Verbal Knowledge subtest assesses receptive vocabulary
and general information. Students are required to choose one of six illustrations that best
corresponds to an examiner question. Internal consistency values range from .89 to .94, and
test–retest reliabilities range from .88 to .93 in the age range of the students in this study.

Woodcock-Johnson III Letter-Word Identification (LWID; Woodcock, McGrew,
& Mather, 2001)—LWID assesses the ability to read real words. Split-half and test–retest
reliabilities range from .88 to .95 in the age range of the students in this study.

Test of Word Reading Efficiency (TOWRE; Torgesen, Wagner, & Rashotte,
1999)—The TOWRE consists of two subtests: Sight Word Efficiency (real words) and
Phonemic Decoding (nonwords). For both subtests, the students were given a list of 104
words and asked to read them as accurately and as quickly as possible. The raw score is the
number of words read correctly within 45 s. Alternate forms reliability and test–retest
reliability coefficients are above .89 for students in Grades 6–8 (Torgesen et al., 1999).
Standard scores were used.

Procedure
Students were assessed at the beginning of the school year, prior to intervention, with ORF-
PF, KBIT, LWID, and TOWRE. For ORF-PF, students read five passages consecutively for
1 min each, one from each of five Lexile bands having an overall range within student of
550 Lexiles. The order in which the students read the passages was easiest to most difficult
as measured in Lexiles. For the sake of assigning students to passages, passages were first
organized into sets of five passages. Subsequently, within grade and reader group (typical
vs. struggling), students were randomly assigned to one of five sets of five passages. Table 1
shows the number of students by grade and reader group assigned to each passage and
passage set.

All participants were assessed by examiners who had completed an extensive training
program conducted by the investigators focused on test administration, scoring, and
verification procedures for each measure. Prior to testing study participants, each examiner
demonstrated at least 95% accuracy in test administration during practice assessments. All
assessments were completed at the students’ school in quiet locations (e.g., library, unused
classrooms).

Analytical Approach
The unique multivariate, multilevel design of this study permitted evaluation of (a) how
reader characteristics affect ORF (i.e., how differences in fluency between students are
related to reader characteristics); (b) how text characteristics affect ORF within students
(i.e., how a student’s fluency changes when the same student reads different texts); and (c)
the extent to which these two sources of variability interact in their effects on ORF (i.e.,
whether the effects of text characteristics differ systematically across students on the basis of
reader characteristics). To investigate these questions, we used multilevel models that
differed from one another in their fixed and random effects, as well as in their specifications
regarding the unexplained variance in ORF scores. We evaluated four sets of models:
random-effects models, student effects models, text effects models, and full models,
including student and text effects. The randomeffects models without student or text effects
were designed simply to estimate the magnitude and structure of the variance and covariance
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in ORF scores available to be explained by the other three classes of models. All effects
were estimated in SAS using PROC MIXED (SAS Institute, 2009).

We first evaluated 20 random effects models to estimate the magnitude of the variance and
covariance in ORF scores and to understand the structure of these variance components. For
each of these 20 models, a single fixed effect was estimated for the intercept (i.e., the model
included only a grand mean estimated across all students and passages). The 20 models can
be classified into four sets that differ from one another with respect to the structure of the
variance components.

The four sets of models differed on the basis of whether intercept variances and/or residual
variances and covariances were allowed to differ across grades. We distinguished between
these models using a simple two-part pneumonic, II-RR, where the letters to the left of the
hyphen specify whether intercept variances were forced equal (NG) or allowed to differ (G)
across grades, and the letters to the right of the hyphen, which specify whether residual
variances were forced equal (NG) or allowed to differ (G) across grades. Thus, the four
classes of models are designated NG-NG, G-NG, NG-G, G-G. For example, NG-G means
that the model specified no grade difference in intercept variances, but allowed for grade
differences in residual variances and covariances.

Within each of these four sets of models, we evaluated five different residual covariance
structures that differ in their implications for residual variances and covariances and can be
ordered in terms of the number of estimated parameters as follows: variance components
(1), compound symmetry (2), autoregressive (2), banded main diagonal (5), and unstructured
(15). The variance components models estimated a single residual variance for all five
passages with covariance between residuals set to zero. The compound symmetry models
estimated a single residual variance for all five passages and a single covariance between
passages. This model implies that passages are equally correlated with one another. The
autoregressive model included a single residual variance estimate as well as a multiplicative
factor (ρ). In this model, the residual covariance is a function of the variance and ρ, such that
any covariance is equal to the variance times ρj, where j describes the distance between
passage reads (e.g., adjacent reads such as Reads 1 and 2 give j = 1, Reads 1 and 3 give j =
2. Given this structure, the correlation between residuals is simply a function of the distance
between measures and is equal to ρ, ρ2, ρ3, and so on, for measures that are one, two, three,
etc., steps apart, respectively. The banded main diagonal models included separate residual
variance estimates for each of the five passages with covariances between residuals set to
zero.

Finally, unstructured models include different estimates for all residual variances and
covariance across the five passages. Although the models differ in terms of the number of
parameters required to describe the variances and covariances, they are not nested models.
Consequently, they were evaluated using Akaike’s (AIC) and the Bayesian (BIC)
information criteria. The standardized root-meansquare residual (SRMR) was also used
because it is an index of how well models reproduce sample variances and covariances and
because we were interested in estimating the relative amounts of between- and within-
student variance. To determine SRMR, the random effects models were estimated in Mplus
(Muthén & Muthén, 2007) in addition to SAS. The criterion we used to evaluate model fit
was SRMR ≤ .08 (Hu & Bentler, 1999). All subsequent analyses were based on the best
random-effects model.

Student effects models were evaluated to determine the degree to which student
characteristics predict between student performances without accounting for text effects.
Text effects models were evaluated to determine the degree to which text-level parameters
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affect within-student performance. Finally, a full model that included student- and text-level
effects as well as their interactions was evaluated.

Results
Passage Set Group Comparisons

Table 2 shows demographic and achievement information for each of the five groups of
students randomized to a particular set of passages in each grade. Chi-square analyses and
analyses of variance were conducted to determine whether groups differed on demographic
and achievement measures. As expected, due to randomized assignment, the five groups
within each grade did not differ in demographic composition or performance on
achievement measures, with two exceptions likely due to the highly powered study design
because the differences are small. Among Grade 8 students, there was an overall effect of
group on age, F(4, 645) = 2.87, p = .02, and on LWID, F(4, 645) = 2.48, p = .04. On the
basis of Tukey’s post hoc analyses, Grade 8 students assigned to Passage Set A were
significantly older than students assigned to Passage Set B (13.4 vs. 13.2 years, p < .05).
Grade 8 students assigned to Passage Set D scored significantly higher on LWID than
students assigned to Passage Set A (99.9 vs. 94.8, p < .05). We did not adjust for these
differences because the differences are neither large nor pervasive, but simply note them
here as possible challenges to model interpretation in Grade 8.

Passage Fluency Performance
Some inferences can be made from examination of mean WCPM (see Table 3) and
correlations among passage WCPM within grade and passage set (see the supplemental
material, Appendix A). For example, controlling for passage, mean WCPM consistently
increased with grade level, with mean increases as much as 20 WCPM. This pattern
suggests variability between students that can be explained by at least one reader
characteristic, grade level. There are similar ranges in mean performance across passages
within grade and passage sets, suggesting that there may be some variability in ORF within
students. Correlations among passage WCPM are consistently high (.83–.93), suggesting
that students’ ORF relative to other students does not change substantially across passages.
However, it is impossible to discern the mean and covariance structure of reading fluency
from the descriptive data presented in Table 3 and Appendix A in the supplemental material.

Random-Effects Model Analyses
Appendix B (see the supplemental material) shows fit statistics for 12 of the 20 random-
effects models evaluated to determine the model that best represented the covariance
structure for ORF across middle-school grades when students were asked to read multiple
passages that differed in text characteristics. The eight compound symmetry, corresponding
to a uniform correlation structure, and unstructured models across all four sets of models
were not included because of problems with estimation in both SAS and Mplus (e.g.,
nonpositive definite matrices, inability to estimate standard errors).

Within the four sets, autoregressive models fit better than variance component and banded
main diagonal models (which has its nonzero elements within a “band” about the diagonal),
when evaluated with AIC and BIC. The autoregressive model for residuals specified that the
residual variance was equal across the five passages read by a student and that the
correlation between passages was a function of the distance between the passages as indexed
by the order in which the passages were read. More precisely, the correlation was largest for
adjacent passages (e.g., first passage and second passage, second passage and third passage,
etc.) and became progressively smaller as the distance between passages increased (e.g., first
passage with third passage, second passage with fourth passage, etc.). All correlations
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between passages at a given distance were equal, and the correlation decreased
proportionately as the distance increased. Specifically, if the correlation between adjacent
passages was ρ, then the correlation between passages at a distance of two (e.g., first read
passage and third read passage) is ρ2, and the correlation at a distance of three (e.g., first
read passage and fourth read passage) was ρ3. This structure implies that the correlation
between passages was not simply a function of different passages measuring a single
common construct, in so far as a simple common factor model with uncorrelated residuals
cannot produce this structure. This structure implied a common factor model with equal
validity coefficients and a stable, autoregressive error structure. Such a structure could arise
from factors like motivation, inattention, and/or fatigue that carried over from one passage to
another. The greater the distance between passages, the weaker the carryover effect and the
weaker the effect on the correlation between passages.

On the basis of AIC and BIC, autoregressive models that allowed either residual covariances
or intercept variances and residual covariances to differ across grades were the best fitting
models. However, these models did a poor job of reproducing sample variances and
covariances as indicated by SRMR (NG-G, SRMR = .19; G-G, SRMR = .15). These models
produced disproportionate estimates of between- and within-student variances, primarily for
Grade 8 (64% and 48% model estimated between student variances vs. approximately 80%
sample between student variance, see Appendix B in the supplemental material). Therefore,
we based all subsequent analyses on the NG-NG autoregressive random-effects model in
which intercept variances and residual covariances were forced to be equal across grades.
This model reasonably reproduced sample means and covariances (SRMR = .06).

Appendix B (see the supplemental material) shows the model estimated intercept and
residual variances and covariances from the autoregressive, NG-NG model. Residual
variances were equal across the five reads (376.97), and covariances were equal among pairs
of reads that were the same distance apart (e.g., 174.39 between adjacent reads, e.g., Reads 1
and 2; 80.68 between reads with a distance of 2, e.g., Reads 1 and 3). Covariances declined
proportionally the farther apart the reads.

On the basis of the autoregressive, NG-NG, random-effects model both intercept and
residual variances were significant (intercept variance = 1178.60, z = 25.37, p < .001;
residual variance = 376.97, z = 26.98, p < .001), with between-student variance accounting
for 76% of the variance in ORF. The model estimated mean ORF across middle-school
students and passages within students at 125.47 WCPM.

Student-Level Analyses
We first evaluated the effects of reader characteristics (grade, gender, reader type –
struggling vs. typical, verbal knowledge, decoding skill, and sight word reading fluency) on
ORF. Evaluated individually, each reader characteristic had a significant effect on ORF (see
Table 4). Not surprisingly because it assesses fluency for reading word lists (i.e., sight word
efficiency), TOWRE word reading fluency performance explained the most variance in
average (across the five reads) student performance (70% of variance explained; intercept
variance from unconditional model = 1178.60, see above; intercept variance after accounting
for TOWRE performance = 248.83, see Table 6). TOWRE performance predicted an
increase of 27.5 WCPM in ORF for a 15 standard score point increase (i.e., approximately 1
SD) in word reading fluency. The LWID measure had an effect on ORF similar to TOWRE
(i.e., 26.7 WCPM increase for 1 SD increase in decoding performance), although it
explained less variance in student performance (52%). The remaining characteristics
explained substantially less variance in student performance: reader type (24%), verbal
knowledge (21%), grade (4%), and gender (2%). Typical readers read 34 WCPM faster than
struggling readers; females read 11 WCPM faster than males; and Grade 7 and 8 students
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read eight and 16 WCPM faster than Grade 6 students. When all reader characteristics are
combined in one model, each still had significant effects on ORF when controlling for the
others; however, there were no significant interactions (see Table 6 for models, including
only main effects and including interactions between student characteristics). Combined,
reader characteristics explained approximately 80% of the between-student variance in mean
ORF (i.e., intercept variance after accounting for all reader characteristics was 234.21, see
Table 6).

Text-Level Analyses
We next evaluated passage effects to determine the proportion of within-student variance
due to passage. Passage accounted for approximately 55% of the within-student variance in
ORF (residual variance from unconditional model = 376.97, see above; residual variance
after accounting for passage = 168.40). The model estimated range in mean ORF is
approximately 72 WCPM (model estimated low M = 86 WCPM, high M = 158 WCPM
depending on the passage being read).

Before evaluating the effect of text features on ORF, we examined the relations among the
text features for the 35 passages. Text difficulty as measured by Lexile is largely a function
sentence length and word frequency, and not surprisingly is most highly correlated with
syntactic complexity (r = −.82, p > .05) and narrativity (r = −.48, p < .05). The correlation of
Lexile and narrativity and syntax replicate what was reported in the Graesser and McNamara
(2011) and a study by Nelson, Perfetti, Liben, and Liben (2012), who examined the
correlation of Coh-Metrix dimensions and student performance-based difficulty measures.
Together, these measures explain 75% of the variance in Lexile scores across the 35
passages. Correlations between Lexile and the other three Coh-Metrix measures (word
concreteness, referential cohesion, and deep cohesion) were not statistically significant (r = .
18, −.08, and .02, p > .05). The correlations among the five Coh-Metrix measures range
from −.32 to .26, and none are statistically significant (p > .05). The low correlations among
these measures are expected because they were derived from PCA (Graesser et al., 2011)
and therefore represent statistically orthogonal factors.

We also evaluated the concordance between the categorization of the passages as narrative
or expository (text type) by expert teachers and the objective (and continuous) measure of
narrativity by computerized text analysis. The two measures are relatively highly correlated
(p = .60, p < .05). The narrativity scores range from .10 to .98. All passages categorized as
“narrative” have scores greater than or equal to .64. The majority of passages categorized as
“expository” have scores less than .64. However, eight of the 23 “expository” passages have
relatively high narrativity scores. For example, the passage “Suni” has a narrativity score of .
86. The topic is the endangered Chinese White Dolphin, but it is written in first person from
the perspective of “Suni,” a White Dolphin. It is possible that although highly similar, these
two variables have unique effects on ORF. Students may read passages with relatively high
fluency if they are highly narrative in style, but given two highly narrative passages, perhaps
they read an informational passage more slowly than one simply telling a story. Similarly,
though highly correlated, Lexile and syntactic simplicity may have unique effects on ORF.
Therefore, we evaluated all eight text features as possible determinants of mean differences
in ORF across passages.

First, we evaluated the effect of each text feature on ORF individually (see Table 5).
Ignoring all other text features, each individual text feature except word concreteness
significantly affected ORF (see Table 7). Reading fluency decreased by 8.6 WCPM per
standard deviation (~212) increase in text difficulty measured on the Lexile scale and
increased by 6.4 WCPM per standard deviation increase in narrativity. These effects varied
across students as reflected in the statistically significant random-effects estimates (see

Barth et al. Page 12

J Educ Psychol. Author manuscript; available in PMC 2014 February 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Table 7) in the single predictor models based on these text features. Reading fluency also
increased by 1.9 and 1.6 WCPM per standard deviation increase in syntactic simplicity and
referential cohesion, but decreased by 0.5 WCPM per standard deviation increase in deep
cohesion. Student-level ORF was approximately 7.6 WCPM higher for narrative text than
expository text and 2.5 WCPM higher for a half page of text than for more than one page of
text. Other than test difficulty measured on the Lexile scale and narrativity, none of the other
effects of text features on ORF varied across students (i.e., nonsignificant random effects,
see Table 7) in the single-predictor models. In the single-predictor models, Lexile level
accounted for 52% of the variance in ORF across texts (explaining almost all of the variance
due to passage). In contrast, narrativity explained approximately 34% of the variance due to
passage, whereas text type explained 16% of the passage variance. It is important to keep in
mind that these estimates are not independent and that some of the variance accounted for by
the different text features is shared across features due to their intercorrelations.

Because of the strong relations between Lexile and syntactic simplicity, we evaluated them
together in a single model to determine whether each has a unique effect on ORF when
controlling for the other. As shown in the lower half of Table 7, syntactic simplicity appears
to act as a suppressor when combined with Lexile in the same model. Although ORF is
higher for syntactically simpler text (i.e., positive effect when syntactic simplicity is
evaluated as a single predictor), the effect becomes negative when combined with Lexile
(see Table 7) level in the same model. Lexile level appears to have greater explanatory
power for changes in ORF than syntactic simplicity (i.e., greater practical effect on ORF
−8.6 vs. 1.9 per SD change and significant random effects for Lexile but not syntactic
simplicity). In addition, the effect of syntactic simplicity is misleading when included in the
same model as Lexile (i.e., negative and opposite its effect when evaluated as a single
predictor). Therefore, for all subsequent models, we excluded syntactic simplicity.

For similar reasons as above, we evaluated narrativity and text type in a single model. As
Table 7 shows, when evaluated together, narrativity has a significant effect on ORF (6.1
difference in WCPM per SD change in narrativity, p < .05), but text type does not (0.85
decrease in WCPM from narrative to expository text, p > .05). Although there is a
theoretical distinction between these constructs, it does not appear to be statistically
detectable as operationalized in this study. Because narrativity has more explanatory power
than the simple dichotomy of narrative versus expository text type, for all subsequent
models, we excluded text type.

The final text effects model is shown in Table 7. This model includes Lexile level,
narrativity, referential cohesion, deep cohesion, and page length. Syntactic simplicity, text
type, and word concreteness were not included in the final model for the reasons stated
above. Each of the five text features included in the model had a significant effect on ORF
when controlling for the others (see Table 7). In addition, both the Lexile and narrativity
effects varied across students when included in the same model (i.e., significant random
effects, p < .05, see Table 7). Combined, the three text features account for 52% of the
variance in student-level performance. These findings are similar to that of Graesser and
McNamara (2011), who reported that 54% of the variance in self-paced word reading times
was accounted for by text complexity.

In the final text effects model, Lexile level and narrativity have the strongest and
comparable effects on ORF (five WCPM per SD change in Lexile level or narrativity, see
Table 7), followed by page length (four WCPM for .5 vs. 1.5 pages of text), and referential
cohesion (1.5 WCPM per SD change). Although statistically significant, deep cohesion has a
negligible practical effect on ORF (0.6 WCPM per SD change). Due to the complexity of
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combining student and text effects and potential interactions, and the minor effect of deep
cohesion on ORF, we excluded this text feature from subsequent models.

Student- and Text-Level Effects on ORF
For the overall model of student- and text-level effects on ORF, we evaluated main effects
for reader characteristics: grade, gender, reader type (struggling vs. typical), verbal ability
(KBIT Verbal), letter word identification, and word reading efficiency (TOWRE) and text-
level features: Lexile, narrativity, referential cohesion, and page length. In addition, because
Lexile and narrativity effects varied across students, we evaluated specific two-way student
level by text-level interactions to determine whether grade, gender, and/or reader type
moderate the effects of Lexile and narrativity on ORF. Table 6 shows all estimated fixed and
random effects for the final model.

As the information in Table 8 demonstrates, each text feature and reader characteristic had a
significant effect on ORF when controlling the others. However, grade, gender, and reader
type moderated the effects of Lexile and narrativity on ORF (i.e., all interactions were
statistically significant, see Table 8). In general, and not surprisingly, students in higher
grades read faster than students in lower grades; females read faster than males; typical
students read faster than struggling students; and students with higher verbal abilities, word
reading skills, and word reading fluency read faster than those students with lower abilities
and skills. In addition, students read slower when reading was more difficult, less narrative,
less cohesive, and longer texts (also not surprising), all other things being equal. However,
as text becomes more difficult, students in higher grades slowed down more than students in
lower grades (Lexile × Grade interaction), females slowed down more than males (Lexile ×
Gender interaction), and typical readers slowed down more than struggling readers (Lexile ×
Reader Type interaction). The moderating effect of gender on narrativity is similar to its
effect on Lexile (i.e., females slowed down more than males the less narrative the text,
Narrativity × Gender interaction), but students in different grades and at different reading
levels (typical vs. struggling) react differently to narrativity than they do to overall text
difficulty (Lexile). Grade 6 students slowed down more than Grade 8 students, but Grade 7
students slowed down less than Grade 8 students when text was less narrative. In addition,
struggling readers slowed down less than typical readers when text was less narrative.

Figure 1 illustrates the practical effects of student characteristics and text features on ORF.
Figure 1 (a) demonstrates the additive effects of overall text difficulty (Lexile) and
narrativity on withinstudent ORF. A typical Grade 8 male reads a difficult text (942 Lexiles,
+ 1 SD) that is low in narrativity (.35, − 1 SD) at a rate of 126 WCPM. As the text increases
in narrativity (to .87, + 1 SD), the student’s rate goes up to 138 WCPM. If the text also
becomes less difficult overall (to 518 Lexiles, −1 SD), the student’s rate increases to 154
WCPM (an overall change of 28 WCPM for 2 SD change in both Lexile and narrativity).

Figure 1 (b) demonstrates that a Grade 6 male student increases ORF by six WCPM (111 to
117), a Grade 7 male student by 10 WCPM (118 to 128), and a Grade 8 male student by 16
WCPM (132 to148) as text difficulty decreases by two standard deviations (942–518
Lexiles). However, these within-student changes in fluency due to text difficulty are not as
great as between-student differences when two students differ in word reading fluency by
just one standard deviation (15 standard score [SS] different in TOWRE scores). For
example, although a Grade 8 male may increase by 16 WCPM for a two standard deviations
drop in Lexile, his counterpart whose word reading fluency is one standard deviation higher
reads 22 WCPM faster regardless of Lexile (e.g., 110 vs. 132 WCPM for 85 vs. 100 SS on
TOWRE).
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Finally, Figure 1 (c) demonstrates the additive effects of gender and reader type on ORF. A
typical Grade 8 female reads five (132 vs. 137), six (131 vs. 137), and 10 (127 vs. 137)
WCPM faster than a typical male, struggling female, and struggling male if the text is
relatively difficult (942 Lexiles), but will read seven (148 vs. 155), eight (147 vs. 155), and
15 (140 vs. 155) WCPM faster if the text is relatively easy (518 Lexiles). These between-
student effects of gender and reader level are not as large as within-student effects of Lexile.
For example, a Grade 8 typical female increases 17 WCPM (137 to 155) when the text
difficulty decreases from 942 to 518 Lexiles (2 SD) and a Grade 8 struggling male increases
13 WCPM (127 to 140) for a similar decrease in text difficulty. However, it must be kept in
mind that these differences between typical and struggling readers are somewhat understated
as they are estimated, holding constant the reading rate as measured on the TOWRE; that is,
the two students are presumed to be reading at comparable rates as measured on the
TOWRE.

Discussion
Characteristics of the Reader

The first purpose of this study was to evaluate whether reader characteristics (i.e., reader
abilities, gender, grade level, and reader type) affected ORF performance among middle-
grade readers. We predicted that sight word reading efficiency would have the largest effect
on ORF performance given its high correlation with ORF among middle-grade readers
(Adlof et al., 2006). Collectively, these student attributes accounted for 80% of the variance
in ORF among middle-grade readers. On average, students performing higher on reading-
related skills (i.e., sight word reading efficiency, phonological decoding, and verbal
knowledge) read texts faster than students who performed lower on these skills. Of the three
reading-related skills, sight word reading efficiency had the strongest influence on fluency
rates, which is not surprising given that sight word reading efficiency and passage reading
fluency are highly correlated among middle-grade readers (Barth et al., 2009). As expected,
typically developing students read texts faster than struggling readers, and older students
(Grades 7 and 8) read faster than younger students. Interestingly, females read connected
text faster than males. However, the effects of grade and gender on ORF rates were small
compared with the strong influence of sight word reading and verbal knowledge.

Features of Text
The second purpose was to examine how text-level features, including passage length,
genre, difficulty level, and language and discourse features (i.e., word concreteness,
referential cohesion, deep cohesion, narrativity, and syntactic simplicity) affected ORF
performance. We were interested in understanding how ORF rates would change as a
function of reading passages that varied in text-level features. We predicted that difficulty,
as measured by Lexile, would have the largest effect on ORF given that other measures of
text ease/difficulty are strongly related to how long it takes to read a passage (Graesser et al.,
2011). Results indicated that these general text-level features collectively accounted for
approximately 55% of the variance in ORF performance, with each text-level feature except
word concreteness independently influencing ORF rates after controlling for the other
features. When considered independently, Lexile and narrativity accounted for greatest
amount of variance in ORF abilities.

Results also revealed that the following pairs of text-level features were largely redundant:
narrativity and text type as well as Lexile and syntactic simplicity. After removing
redundant textlevel features (i.e., text type and syntactic simplicity) that did not vary across
students, results revealed that Lexile, narrativity, referential cohesion, deep cohesion, and
page length independently influenced ORF rates among middle-grade readers. Lexile and
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narrativity had the strongest effect on ORF and accounted for 52% of the variance in reading
rates. These findings align with previous work by Graesser and McNamara (2011) in which
54% of the variance in word reading times was accounted by four groups of variables that
included material layout, surface code, textbase/ situation model, and genre. Reading
fluency rates tended to increase (i.e., slow) as Lexile level increased and conversely
decreased (i.e., quickened) as the structure of passages became more narrativelike. The
specific ordering of these effects and their currently estimated magnitudes must be
interpreted somewhat cautiously for text characteristics other than text difficulty as
measured by Lexile level. This cautionary note stems from the fact that within each Grade
6–8, students read a set of five passages that spanned from easy to difficult as measured by
the Lexile level of the text. Other text features were not independently controlled or
manipulated. Consequently, they may vary to a lesser degree across the set of passages than
what might be expected. Restriction of range is known to reduce the magnitude of regression
coefficients. Although the range of these text features was not explicitly restricted, the
possibility exists that the full range of any particular feature was not present in the set of
texts because we did not explicitly sample so as to ensure representation.

One possible explanation for why ORF rates decreased at a greater rate for narrative texts, as
difficulty increased, is the higher frequency of knowledge-based inferences constructed
when reading complex narrative texts. Inferences include the goals and plans that motivate
the actions of characters, the knowledge and beliefs held by the character, traits, emotions,
motivations of the character that cause events, spatial relationships among entities,
predictions about episodes that may occur in the future, and so on (Graesser, Singer, &
Trabasso, 1994). These types of inferences are generated by the reader in an attempt to
construct a meaningful, referential situation model that not only addresses their goals as a
reader but also explains why actions, events, and states are revealed in the narrative text
(Graesser et al., 1994). Additionally, these types of inferences are generated quickly and
reliably by students when reading narrative texts (Graesser & McNamara, 2011; Haberlandt
& Graesser, 1985).

Interaction of Characteristics of the Reader and Features of Text
The final purpose of the study was to investigate which characteristics of the reader and
features of text interact in the assessment of ORF. We predicted that the impact of passage
difficulty level (as measured by Lexile) on ORF rates would depend on the ability level and
grade level of the student, with skilled readers modulating their reading rates more
effectively than struggling readers, and older readers modulating their reading rates more
successfully than younger readers. This hypothesis was supported. Specifically, as the
difficulty level of text increased, skilled readers and older readers (Grades 7 and 8) tended to
slow their reading rates to a greater degree than less skilled readers and younger readers.
Interestingly, among younger readers (Grade 6), a significant slowing of reading rates was
observed among expository texts (e.g., less narrative in story grammar structure) but not
narrative texts.

Our results also suggested that each reader and text characteristic independently influenced
ORF when controlling for all other characteristics. Several reader characteristics generally
lead to faster ORF. Texts were read faster when the reader was older, female, proficient
(e.g., typically developing), and possessed adequate basic reading skills (i.e., verbal
knowledge, word reading accuracy, and sight word reading abilities). In contrast, several
features of text generally lead to slower ORF rates. For example, texts were read at slower
ORF when texts were longer, less narrative in structure, less cohesive, and more difficult as
measured by Lexile. These results suggest that when selecting texts appropriate for
individual readers, the process should include an analysis of gender and whether the topics
are age appropriate.
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The fact that skilled readers and older readers modulated their reading rates to a greater
degree particularly for those longer, more expository in structure, more difficult, and less
cohesive texts, is not surprising. Successful comprehension of expository passages requires
the use of higher level cognitive skills such as problem solving, planning, and organization
to a greater degree than narrative passages (Eason, Goldberg, Young, Geist, & Cutting,
2012). More often than not, readers have specific goals when learning new information
(McCrudden, Magliano, & Schraw, 2012). To achieve these goals, readers often engage
strategic processes to combine information from explicit statements of the text and relevant
information from their general knowledge (McNamara, 2007; van den Broek, 2010).
Deployment of strategic processes helps to achieve specific goals but may slow the speed of
processing text. In this instance, the slower reading rates observed among skilled readers and
older readers when reading expository texts do not reflect comprehension misfires or
breakdown. Rather, slower reading rates reflect a greater focus on the maintenance of
cohesion when problem solving and learning new information from text and a greater
engagement of higher level cognitive skills to achieve specific reader goals.

Connections to Theoretical Models
Skilled readers appear to make adjustments in their reading rates in response to various
features of text, their level of understanding, and goals for understanding. In the landscape
model, these adjustments reflect the engagement of constructionist processes to help repair
or maintain cohesion when lexical inputs are not sufficiently reliable or coherent to establish
the mental model or when the goals of the reader have not been met (van den Broek et al.,
2005). This hypothesis is supported by research demonstrating that skilled readers more
frequently and more strongly activate relevant information from past processing cycles to
aid comprehension of the text (O’Reilly & McNamara, 2007; Suh & Trabasso, 1993; van
den Broek, 2010; van den Broek, Rohleder, & Naravaex, 1996) and key background
knowledge (Lucas, Tanenhaus, & Carlson, 1990; van den Broek, Rohleder, & Naravaex,
1996). Thus, in the landscape model, fluctuations in ORF rates may be observed because
skilled readers tap multiple sources of information (i.e., text-based and prior knowledge),
constantly update their evolving mental model of text, and deploy different strategies to
achieve specific goals when reading.

In addition to modulating reading rates, skilled readers generally read connected text faster
than struggling readers. The faster reading rates among skilled readers suggest that the
phonological, orthographic, and semantic information of words is tightly coupled, precisely
organized, and easily accessed when reading (Ehri, 2002; Ehri & Snowling, 2004).
Consistent with the lexical quality hypothesis (Perfetti, 2007), high-quality lexical
representations of words drive rapid processing of text and more importantly are responsible
for the automaticity of word recognition, which allows cognitive resources to be allocated to
the integration of contextspecific word meanings with the evolving representation of the text
(Perfetti & Hart, 2001). Skilled readers more efficiently and precisely execute this process,
which increases their ability to integrate word meanings within sentences and across
sentences (Perfetti, 2007).

In contrast, struggling readers did not appear to modulate their reading rates across various
features of text to the same degree as skilled readers. This may not necessarily reflect a
strategic choice made by the student but may instead be a concomitant of decoding skills
that have not reached automatized levels (Perfetti, 1985; Stanovich, 1987). The lexical
quality hypothesis (Perfetti, 2007) specifically suggests that less skilled readers lack detailed
knowledge of word form and meanings. In addition, less skilled readers present a reduced
ability to learn the meaning of new words while reading, retrieve meaning of learned words,
and integrate the meaning of a given word with the evolving mental model of the text. The
consequence of generally poor lexical quality is seen both in lexical processing and
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comprehension processing, with less skilled readers unable to effectively and efficiently
retrieve the meaning of words required for the specific context.

An alternate explanation for the lack of modulated fluency rates among struggling readers is
that their standards of coherence or criteria for defining what is “good comprehension” may
be more relaxed relative to skilled readers. According to the landscape model, because
struggling readers’ beliefs about what constitutes “good comprehension” are less stringent,
they are less likely to initiate strategic processes that repair or maintain cohesion while
reading. Consequently, the mental model generated by struggling readers lacks specificity.
In sum, because struggling readers may present significant lexical deficits and/or possess
relaxed standards of coherence, fluctuations in reading rates are less likely to be observed as
text features change and, as demonstrated in this study, have significant impact among
middle-grade struggling readers and predictable consequences for subsequent reading
development (Adams, 1990; Pearson & Hiebert, 2010; Rayner, Foorman, Perfetti, Pesetsky,
& Siedenburg, 2001).

Connections to Past Research on ORF
Little research has examined student and text influences on secondary readers. Results
suggested that the influence of text effects is greater among middle-school students than
younger elementary students. This finding parallels findings by Kim, Petscher,
Schatschneider, and Foorman (2010), who evaluated the variability in observed ORF rates
across passages among students in first through third grades. They reported that among first-
grade students, 2%–4% of the variance in fluency rates was attributable to text effects, with
81% of the variability estimated at the student level. By third grade, 3%–9% was attributed
to text effects, and 85%–91% was attributed to student characteristics. Similarly, Christ and
Ardoin (2009) reported that the proportion of variance attributed to text features ranged from
1% to 10% among students in second and third grades, with the proportion of variance
attributed to student characteristics ranging from 82% to 93%. Graesser and McNamara
(2011) reported that 54% of the variance in word reading times was accounted by four
groups of variables that included material layout, surface code, textbase/situation model, and
genre. Furthermore, Christ and Ardoin (2009) demonstrated that the amount of variance
attributable to text features can be minimized within passage sets when greater control is
used to select passages that are equivalent. However, this reduction in the effects of text
characteristics is illusory, resulting in large measure from restriction of range on text
features.

Our study was designed to examine the effects of student and text characteristics and their
interactions on ORF rates, rather than to minimize the influence of texts by selecting them to
be maximally comparable. These prior studies suggest that across grades, variability in ORF
rates can be attributed to both text features and reader characteristics, with effects of text
features possibly increasing with older students, and clearly depending on the reading level
of the student, as seen in the present study. Whether the effects of text features increases
with older students requires additional research where the range of text features experienced
by older and younger readers are comparable. At present, inferences about the influence of
text features at different age ranges come from examining the findings of different studies in
which features have not been comparably controlled across studies.

Limitations of the Study
A limitation of this study is that the effects of passage features, reader characteristics, and
the interaction of these two sources of variability were evaluated at a single time point
(beginning of the school year). Because ORF measures are frequently used to measure
reading progress across the school year, an important next step would be to evaluate the
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relative impact of passage and student attributes on growth in reading fluency across time.
We set out to accomplish this task but found that the amount of time necessary for
struggling readers to read multiple passages, especially of such length, was overwhelming,
and focused instead on comparisons at a single time point. A follow-up study that uses fewer
passages, in more restricted grade and Lexile levels and shorter than 1.5 pages, would permit
this longitudinal assessment of ORF abilities. It would also be useful to compare elementary
and secondary students of different ability levels on the same measures to more fully
evaluate developmental effects.

A second limitation relates to the effect of syntactic simplicity on ORF. Because of the
strong relation between Lexile and syntactic simplicity plus the suppressor effect of
syntactic simplicity when combined with Lexile in the same model, syntactic simplicity was
excluded from final models that examined the interaction of features of the text and
characteristics of the reader. However, this effect should not be so quickly dismissed. It
suggests that when Lexile level is held constant, texts that are syntactically simpler tend to
be read more slowly. This effect could be observed among types of texts that are
syntactically simpler once Lexile is controlled such as poems, stories with a significant
amount of dialogue among characters, and expository texts with a high frequency of short,
descriptive sentences. Future research might include structural equation modeling to
determine whether separate Lexile scales may be necessary for expository and narrative text.

Also noteworthy was the finding of the narrative effect over and above and separable from
Lexile text difficulty. However, part of the text difficulty is the commonality in variance
with narrativity. Because this study was designed to maximize variability in Lexile values
across passages with other text features allowed to vary, it is possible that in a larger corpus
of passages where there is greater variance in language and discourse features, their effects
could be quite different. Future research should more thoroughly examine the interactions of
features of texts and characteristics of the reader with passages that maximize variability in
language and discourse features as well as Lexile values. This would allow for a more
systematic separation of the influence of language and discourse features on reading times
and their interaction with reader characteristics.

Implications for Practice
Currently, measures of ORF are frequently used to monitor reading progress and predict
performance on future reading outcomes, which are often used to make decisions about
intervention placement and retention (O’Connor, Swanson, & Geraghty, 2010). One of the
challenges in measuring ORF ability across time is the selection of passages that are
equivalent or parallel within the same grade level (Betts et al., 2009; Christ & Ardoin, 2009;
Francis et al., 2008). Historically, ORF passages were selected directly from classroom
curriculum materials to ensure high content overlap between assessment and instruction
(Deno, 1985; Good & Jefferson, 1998). However, random sampling of curriculum materials
or selection of materials based on readability formulae does not adequately control for
features of text (i.e., difficulty, length, and genre) previously found to impact the
measurement of fluency ability across time (Betts et al., 2009; Christ & Ardoin, 2009;
Francis et al., 2008). Such inconsistencies in passage features across alternate passages and
assessment time points make it difficult to know whether a student’s ORF is improving,
declining, or holding steady when solely examining changes in observed reading fluency
scores over time (Francis et al., 2008). Consequently, when measuring ORF, the effects of
passage features that extend beyond noninterval assessments of difficulty level must be
statistically addressed using procedures that equate alternate forms within grade (see Betts et
al., 2009; Francis et al., 2008). Furthermore, results of this study suggest that equating
procedures must move beyond simply controlling for text difficulty, genre, and
administration order and should include language and discourse features.
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Finally, text characteristics that affect the assessment of ORF have been typically
underestimated in efforts to use these assessments to understand individual differences in
student progress, need for intervention, and related issues. Although the assessment of ORF
is sensitive to these individual differences, the present study shows that reading is an
interaction of reader and text characteristics. More attention to text characteristics in
assessing ORF would lead to more rigorous psychometric measures that would improve the
precision by which student reading progress is assessed when using measures of ORF.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
a: Additive effects of Lexile and narrativity. b: Moderating effects of grade on text difficulty
effects compared with between-student effects of word reading fluency on oral reading
fluency (ORF). c: Moderating and additive effects of gender and reader type on ORF.
WCPM = words correct per minute; Nar = Narrative; Towre = Test of Word Reading
Efficiency; SS = standard score.
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