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ABSTRACT

The purpose of this meta-analysis was to evaluate the potential of two silent
reading fluency measures as indicators of reading competence. Specifically,
we analyzed score differences between the Test of Silent Contextual Reading
Fluency (TOSCRF), the Test of Silent Word Reading Fluency (TOSWRF), and
other standardized measures of reading to determine whether the two silent
reading fluency measures were valid indicators of reading competence.
Further, potential moderating variables were examined: (a) type of criterion
reading measure (i.e., decoding/encoding, word-letter identification, fluency,
vocabulary, comprehension); (b) type of silent reading fluency measure (i.e.,
word vs. contextual); (c) type of learner (English language learner [ELL] sta-
tus, at risk for a disability; average; above average and gifted); and (e) admin-
istration format (i.e., group or individual), and the reading score outcomes. A
comparison of effect sizes, across 47 studies and 47,616 participants,
revealed the very little score differences between the TOSCRF, TOSWRF, and
other standardized measures of reading competence (r=0.07, very small or
trivial). Three moderator variables (English language learner status, type of
silent reading fluency measure [word vs. contextual], and administration for-
mat [individual vs. group]) did, in fact, moderate effect sizes across studies. A
discussion of the implications for using the TOSCRF and TOSWRF as indica-
tors of reading competence, study limitations, and recommendations for
future research are included.

For years, oral reading fluency measures have been widely used by teachers and school districts
to screen and progress monitor students’ reading development. While oral reading fluency has
been established as an important indicator of reading comprehension and overall reading compe-
tence (Fuchs, 2004; Kara et al., 2020; Reschly et al., 2009), silent reading fluency has been rela-
tively unexplored, mostly due to a lack of validated, norm-referenced measures. Two commonly
used measures of silent reading fluency in the extant research are the Test of Silent Reading Word
Fluency-Second Edition (TOSWRE-2; Mather et al., 2014), and its companion, the Test of Silent
Contextual Reading Fluency—Second Edition (TOSCRF-2; Hammill et al., 2014). Although these
tests have been used by researchers and school professionals for almost two decades, no extensive
review of their associations with aspects of reading performance has been published. This paper
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begins with a description of the theoretical role of silent reading fluency, followed by a descrip-
tion of the TOSWRF-2 and TOSCRF-2 and concludes with a practice-oriented rationale for syn-
thesizing evidence of validity for these tests.

Silent reading fluency

Fluent reading has been defined as accurate, effortless, and automatic word recognition that is
facilitated by reading comprehension (Reutzel & Juth, 2014). Fluent reading can occur in the oral
mode where students read aloud with appropriate phrasing or in the silent mode where students
process text automatically but do not include oral-motor output. However, oral and silent reading
fluency are not the same (Denton et al., 2011; Price et al.,, 2016). In empirical models, while silent
reading fluency is highly correlated with latent constructs of decoding, oral reading fluency, and
comprehension, research indicates that silent reading fluency does not directly measure decoding,
fluency, or comprehension (Cirino et al., 2013). Rather, it is a general outcome measure (Espin &
Deno, 2016).

The very high correlations make silent reading fluency an efficient general reading outcome met-
ric in a practical context. For example, schools need a general outcome reading measure that can be
efficiently administered more than once per year to monitor reading instruction effectiveness for
their Tier 1 general instruction, for students in supplemental or intensive intervention, and students
receiving special education services. Typically, practitioners and researchers need to rely on achieve-
ment tests to measure instructional impact. Many of these achievement tests need to be individually
administered, require specialized training to administer, require a large amount of testing time for
each student (e.g., longer than 10 minutes), and cannot be administered more than twice per year.
Oral reading fluency measures require very little testing time (i.e., less than 5minutes) and can be
administered repeatedly for the purpose of monitoring progress in response to instruction (Fuchs
et al., 2001). It is also a general outcome metric associated with multiple aspects of reading, such as
decoding and reading comprehension (Fuchs et al., 2001). However, in later grade levels, students
have higher silent reading fluency than oral reading fluency (van den Boer et al., 2022). Therefore,
it is important to analyze the function of silent reading fluency as an efficient and valid way to
measure progress. It is also important to determine if silent reading fluency measures provide simi-
lar results as the achievement measures of different reading domains.

The reading domains commonly measured in reading achievement batteries (e.g., Gates
MacGinitie, Wechsler Individual Achievement Test, Woodcock Johnson Tests of Achievement)
include decoding, fluency, letter-word identification, vocabulary, and comprehension. If silent
reading fluency measures provide similar results as measures of these domains, silent reading flu-
ency may be a more efficient alternative to monitoring student progress in schools and research.
In the current meta-analysis, we aim to evaluate the comparability of scores on silent reading flu-
ency measures to achievement tests in a variety of domains.

Importantly, there are several measurement methods used to measure silent fluency, including
sentence verification tasks (e.g., Test of Silent Reading Efficiency and Comprehension), underlin-
ing for comprehending paragraphs (Price et al., 2012), maze, comprehension-based silent reading
rate (Hiebert et al., 2012), and “slasher” methods (e.g., TOSWRF and TOSCRF). These methods
have similar but slightly different rates of classification accuracy as measures of general outcome
measures (see Denton et al.,, 2011). The current meta-analysis focuses on aggregating the capacity
of the slasher method to measure various aspects of reading.

Description of the TOSWRF-2 and TOSCRF-2

The TOSWRF and the TOSCRF were originally published in 2004 and 2006, respectively. In
2014, the second edition of both tests were published. The updated editions expanded the test age
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range to include college-aged students, updated instructions, and added specific instructions for
deaf and hearing-impaired students; however, the general procedures for administering and scor-
ing are the same as those in the original version (Hammill et al., 2014; Mather et al.,, 2014).
Therefore, in this analysis, we simply refer to original and updated editions as the TOSCRF and
TOSWRE. This section will briefly review each of the tests.

The test of silent word reading fluency

The TOSWREF is a word chaining test measures word identification, word comprehension, and
reading speed in individuals between the ages of 6years 3months and 24years 11 months.
TOSWRE is primarily a measure of word identification, word comprehension, and reading speed.
The test includes four equivalent forms (Forms A, B, C, and D) consisting of 220 unrelated words
printed in rows with no spaces between them. The words are printed in lowercase and begin
with pre-primer level words and increase in difficulty to adult-level words. The words were
selected to have no words within them and such that no new words are create across the words
when they were placed beside each other. The students are asked to draw a line between the
boundaries of as many recognizable words as possible within three minutes (e.g., dimhowbluefig
would result in a divided chain of dim/how/blue/fig).

The test can be administered individually or to an entire classroom of students in three-
minutes and yields raw scores (based on total words correctly identified), standard scores
(M =100, SD=15), percentiles, and age and grade equivalents. The norms are based on a repre-
sentative sample (N =2,429) ranging in age from 6-13 to 24-11years in 35 states. Studies with
the TOSWREF show it is valid and reliable for a wide variety of subgroups and the general popula-
tion (e.g., Mather et al., 2004). Test-retest reliability estimates of .92 and .91 are reported for
Forms A and B, respectively. Alternate-form reliability for immediate and delayed is reported as
.86 and .89, respectively. Correlations between the TOSWRF and other standardized measures
(e.g., The Comprehensive Test of Basic Skills [CTBS]; Woodcock-Johnson III [W]-III]) were moder-
ate to large (range 0.57 to 0.77).

The test of silent contextual reading fluency

The TOSCRF can also be administered to groups or individuals. Unlike the TOSWRF, however,
it assesses contextual reading abilities (i.e., word identification, vocabulary, sentence structure,
comprehension, and fluency) in students ranging in age from 7years Omonths to 24years
11 months. It has four forms (Forms A, B, C, and D). Each form consists of a series of 12 pas-
sages. The words of each passage are printed in uppercase, omitting spaces and punctuation (e.g.,
AYELLOWBIRDWITHBLUEWINGS). Students are provided three-minutes to draw lines between
as all the words in as many sentences as they can. The raw score is based on the total number of
words correctly identified. This format allows the examiner to document how many words a stu-
dent can recognize without having to rely on the student’s oral production of words (Hammill
et al,, 2014). This format also provides a practical advantage in terms of assessment administra-
tion because it can be administered to a group of students in just three minutes compared with
the labor-intensive oral reading probes which requires administrators to listen to each child one
at a time.

The TOSCREF yields raw scores, standard scores (M =100, SD = 15), percentiles, and age and
grade equivalents. This measure was normed using a national representative sample of 2,375 indi-
viduals in 29 states. Alternative form, test-retest, and alternate form coefficients are roughly simi-
lar to oral reading fluency reliability (range = 0.82-0.93). The Examiner’s Manual provides
strong validity for the test as a measure of reading ability. Average correlations between the
TOSCRF and other criterion reading tests (e.g., Stanford Achievement Test Series — Ninth Edition,
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Test of Word Reading Efficiency [TOWRE], and Woodcock-Johnson III [W]-III]) were large to
very large (range 0.67 to 0.85).

Purpose and procedures of the measurements

The TOSCRF and TOSWRF are measures that can be administered to individuals or groups in
three-minutes. Like tests of oral reading fluency, they do not attempt to measure reading
subskills (e.g., decoding, letter-word identification, vocabulary, and comprehension) or broad-
spectrum correlate skills that, often, are difficult to use in classroom settings because they require
one-on-one assessment sessions, specially trained personnel, and considerable time commitments
(Kamhi & Catts, 2017). Rather, the TOSCRF and TOSWRF provide an indication of a student’s
general reading achievement level.

Like oral reading fluency scores, silent reading fluency scores reflect more than just reading
fluency (e.g., Denton et al.,, 2011). The authors of the TOSCRF and TOSWREF found that students
who perform better on silent reading fluency tasks also perform better on measures of vocabulary,
sentence structure, comprehension, and oral reading fluency. In their manuals, Hammill et al.
(2014) and Mather et al. (2014) suggest that performance on their brief silent reading fluency
measure actually reflects general reading performance and can be useful as a progress monitoring
measure. As such, the TOSCRF and TOSWRF have the potential to identify good and poor read-
ers and to be used for screening, progress monitoring, or research purposes. The current study
seeks meta-analytic evidence of the reading domains for which the TOSWRF and TOSCRF may
serve as general outcome measures.

Purpose of the present study

Growing evidence suggests that silent reading fluency is a valid indicator of students’ overall read-
ing competence (Kim et al., 2011; Rasinski et al., 2011). It is, therefore, important to document
the validity of silent reading measures for use in identifying good and poor readers and monitor-
ing progress in interventions. Despite the fact that the original versions of the TOSWRF and
TOSCRF have been in print for well over a decade (Hammill et al., 2006; Mather et al., 2004), to
our knowledge, previous systematic reviews of literature have yet to synthesize validity studies of
these tests into a meta-analysis. Examining the relationship between the TOSWRF, TOSCRF, and
a weighted average of the two tests and a variety of instructionally relevant reading skills (deco-
ding/encoding, word-letter identification, fluency, vocabulary, and comprehension) was an
important goal of this study to determine if the TOSCRF and TOSWRF under- or over-estimated
achievement in any of the specific skills. The primary purpose of this meta-analysis, therefore,
was to examine the extent to which these silent reading measures are valid indicators of reading
competence by examining experimental effect sizes and standardized mean differences (r)
between the TOSWREF, TOSCRF, the weighted average of the two silent reading measures, and
other norm-referenced, standardized tests of reading. When the mean scale scores are equivalent
across tests (i.e., do not differ), the mean experimental effect size would be equal to 0.00. It was
hypothesized that differences between the TOSWRF, TOSCRF, and their weighted average, and
other standardized tests of reading would be small to trivial.

The secondary purpose of this meta-analysis was to investigate variables that have been
shown to moderate students’ performance on standardized reading measures in previous
research (Abedi, 2002; Connor et al., 2014; Shin & McMaster, 2019). Specifically, we examined
the relationship between performance and: (a) domain of the criterion reading measure (i.e.,
decoding/encoding, word-letter identification, fluency, vocabulary, comprehension); (b) type of
learner (English language learner [ELL] status, at risk for a disability; average; above average
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and gifted); and (c) administration format (i.e., group or individual administration, word vs.
contextual format).

Based on the rationale and purposes provided above, the two following research questions
guided this study:

1. Research question 1: Do scores from the TOSWRF, the TOSCREF, and a weighted average of
these two silent reading measures differ from those from other standardized measures of
reading competence?

2. Research question 2: What variables moderate the relationship between the TOSWRF,
TOSCREF, and other standardized measures of reading competence?

Method

We conducted the methodological portion of this study in three stages, using procedures adapted
from previous meta-analytic studies that examined relationships between standardized measures
of reading achievement (e.g., Reschly et al., 2009). The stages included the following: (a) literature
search and study selection, (b) data coding and reliability procedures, and (c) effect size calcula-
tion and data analysis.

Stage 1: Literature search and study selection

Stage one of this meta-analysis involved an extensive literature search and resulting study selection.
Important procedures used in the literature search and subsequent study selection are described here.

Literature search

We applied a series of strategies to identify studies for this review. First, we selected key terms
from language commonly used in the literature and entered in the following databases: ERIC,
EBSCOHost, Education Source, Google Scholar, ProQuest Dissertations & Theses, PsycAricles,
PsycINFO, Google Scholar, and WEB of Science. Descriptors for the searches included combina-
tions of the following keywords: silent reading fluency®, silent reading rate*, comprehension-
based silent reading®, measurement®, assessment*, tests*, and progress monitoring® with no
restriction on where the terms occur (i.e., title, abstract, descriptor, or full text). We also included
norm-referenced* OR standardized* OR aptitude* OR competence* in the search string to focus
on studies that have used standardized reading measures and report subtest and/or composite
scores. Next, researchers conducted a hand search of journals that frequently publish research in
this domain, including the following: Assessment for Effective Intervention, Reading Research
Quarterly, Review of Educational Research, Exceptional Children, Journal of Special Education,
Journal of Learning Disabilities, Remedial and Special Education, Journal of School Psychology,
School Psychology Quarterly, and School Psychology Review. Third, we examined references and
abstracts from a list of authors who commonly publish on the topic of silent reading fluency
(e.g., Berendes et al., 2019; Denton et al., 2011; Freeland et al., 2000; Kim et al., 2011; Price et al.,
2012; 2016;; Rasinski et al., 2016). Fourth, we contacted the authors of both the TOSCRF and
TOSWREF and asked them to share any relevant papers or citations with us, including ones that
were conducted by themselves or others. Fifth, we obtained the technical manuals for both the
TOSCRF and TOSWRE, which provided descriptive statistics, correlations, and other data sources
examining relationships between the TOSWRF, TOSCRF, and other standardized assessment
scores. Last, when the full-text of a document was obtained from one of the search strategies, we
searched the reference list to identify other potential studies.
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Study selection

The search yielded 5,234 possible articles; 1,112 were duplicates. We screened the title and
abstracts of each of the remaining 4,122 articles to identify possible studies that met the
inclusion/exclusion criteria, which resulted in 145 articles. These articles were reviewed in full
by the first author and a trained graduate research assistant. Studies were eliminated for the
following reasons: (a) did not report scores for the TOSCRF and/or TOSWREF, and other
norm-referenced, standardized tests of reading competence, (b) missing statistical data needed
to calculate effects, (c¢) the TOSWRF and/or TOSCRF were not administered and scored
according to standard criteria, or prior to or within the same academic year as other norm-
referenced, standardized tests of reading competence, (d) were not administered to individu-
als between 6 and 24years of age to align with sampling norms, and (e) if standardized
achievement scores were used to compare performance over multiple academic years or if
assessment tasks were modified for use with special populations of students (as was done
with R-CBM measures in Allinder & Eccarius, 1999). Based on these criteria, 47 studies were
retained and included in the meta-analysis.

Stage 2: Data coding and reliability procedures

Stage two of this meta-analysis involved standardized coding of the data and specific coding crite-
ria and reliability checks to ensure fidelity across the coders. Data coding and reliability proce-
dures used in this meta-analysis are described in this section.

Data coding

The data coding and accompanying protocols were completed by the first and third author and
guided by procedures used in previous meta-analysis (e.g., Finger & Ones, 1999; Reschly et al.,
2009). First, general data from each study were coded. This included study information (i.e.,
author, date of publication) and sample demographics (i.e., ethnicity, age, gender, grade-level).
Next, data relating to reading competence tests were coded (i.e., mean scores, standard deviations,
and sample sizes). Last, categorical data prior research suggested might moderate effect sizes
between tests of reading competence were extracted from the 47 studies and/or reports and are
described below.

Type of reading skill assessed by the criterion reading measure. Mean standard scores and stand-
ard deviations from the 47 studies were coded according to the type of standard score reported
(subtest or composite score) and type of reading skill measured by the criterion test (e.g., decod-
ing, word-letter identification, fluency, vocabulary, and comprehension) based on descriptions
provided by the authors in each study. If the criterion test or score primarily measured one of
five component reading skills (e.g., decoding, word-letter identification, fluency, vocabulary, and
comprehension), it was coded in the category described by the study. If the measure or score pri-
marily captured more than two component reading skills, it was placed in the composite scores
category. No measures or scores were excluded because each study included a rationale for
including the measure. We conceptualize the composite scores category as a general achievement
construct. A list of reading tests and their assigned categories can be viewed in Table 1.

Type of silent reading fluency measure. The variable for type of silent reading fluency measure
(i.e., word or contextual) required only a single variable. A dichotomous variable was created to
categorize effect sizes by the two types of tests of silent reading fluency: silent contextual and
silent word reading.
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Table 1. Tests, subtests, and administration type.

Comprehension Decoding/encoding
WJ-IIl Word Attack

TOWRE Decoding
WIAT-IIl Pseudoword Decoding

GRADE reading comprehension I
WRMT-R Passage Comprehension I
GORT-5 Comprehension I
WIAT-II Reading Comprehension WI-III Spelling I
TOSREC Reading Comprehension WIAT-III Spelling I
Fluency KTEA-II Spelling I
I
|
I
|
I

O - — — —

DIBELS ORF KTEA-Il Nonsense Word Decoding

GORT-5 Rate KTEA-II Decoding Composite

GORT-5 Accuracy KTEA-Il Decoding Fluency

GORT-5 Oral Reading Index WRAT-3 Spelling

TOSCRF Fluency CTBS Spelling

WJ-IIl Writing Sentence Composition Composite scores

KTEA-Il Reading Fluency ERA Reading Index I

WJ IIl Reading Fluency TOWRE |

Vocabulary GMRT I

WIAT-III Picture Vocabulary GORT-5 I

WIAT-III Rapid Picture Naming KTEA-II I

Peabody Picture Vocabulary Test-4 NDRT General reading ability G

Peabody Picture Vocabulary Test-4 TERA-4 General reading index I

Word and letter identification KBIT nonverbal |

I
|
|
G
|
|
I

Y ) T e ——

KTEA-II Letter and Word Recognition | Test of Orthographic Competence
Rapid Automatic Naming | KTEA-IIl Reading
WI-III Letter Word Identification | WIST Fundamental Literacy Index
TOWRE Sight Word Efficacy | TWS-5 Standard Score Form A
WIAT-IIl Word Reading | WRAT-3 Reading
WJ-IIl Word Identification |
TOWRE Word Reading Efficiency |
WIAT-2 Word Reading Accuracy |
WIAT-2 Nonword Reading Accuracy |
|

KTEA-Il Word Recognition Fluency

CTBS Reading
WIJ IIl Broad Reading

Note. CTBS = Comprehensive Test of Basic Skills; DIBELS = Dynamic Indicators of Basic Early Literacy Skills; ERA = Early Reading
Assessment; G=group administered; GORT=Gray Oral Reading Fluency; GRADE =Group Reading Assessment and
Diagnostic Evaluation; |=individually administered; KBIT =Kaufman Brief Intelligence Test; KTEA =Kaufman Test of
Educational Achievement; NDRT = Nelson-Denny Reading Test; RAN = Rapid Automatic Naming; SAT = Stanford Achievement
Test; TERA=Test of Early Reading Ability; TOAL=Test of Adolescent and Adult Language; TOC =Test of Orthographic
Competence; TOSCRF=Test of Silent Contextual Reading Fluency; TOSREC=Test of Silent Reading Efficacy and
Comprehension; TOSWRF =Test of Silent Word Reading Fluency; TWS =Test of Written Spelling; WIAT = Wechsler Individual
Achievement Test; WIST=Word Identification and Spelling Test; WJ=Woodcock-Johnson; WRAT =Wide Range Reading
Achievement Test; WRMT-R = Woodcock Reading Mastery Test-Revised.

Type of learner. The type of learner variable required four codes. Students in all 47 studies were
organized as follows: (a) ELL, (b) students with or at risk for disabilities (c) average learners; and
(d) above average and gifted learners.

Administration format. The variable for administration format required two codes. Each test was
coded according to how it was administered—either individually or to groups of students.

Reliability procedures

The first author developed a coding manual that included definitions of terms and examples and
non-examples in each category, then followed standard reliability training and procedures (e.g.,
Reschly et al., 2009). Working with the third author, they coded a series of studies before assess-
ing and establishing interrater reliability (benchmark was greater than 90%). After the 90%
benchmark was achieved, each study was double coded independently by the first and third
author. Finally, after each study was double coded, each code sheet was compared to identify
potential discrepancies. Coding discrepancies were highlighted, discussed, and resolved through
dialogue. Total interrater coding reliability was 93%.



8 D. R. WISSINGER ET AL.

Stage 3: Effect size calculation and data analysis

Stage 3 of this meta-analysis involved calculating effect sizes for each of the reported
TOSWRE, TOSCREF, and criterion reading measures. Once each effect size was calculated, the
data were analyzed to answer our two research questions. This section described the proce-
dures we used at this stage.

Effect size calculation

We summarized descriptive statistics collected from the 47 studies. Using Comprehensive Meta-
Analysis (CMA) software (version 3.0; Biostat), weighted mean scores were calculated across the
TOSWREF, TOSCRF, the subtests of component reading skills, and composite reading scores.
Standardized mean difference effect sizes were calculated to examine the degree to which the
TOSWREF and TOSCRF differed from the other standardized measures of reading. If a study
did not report means and standard deviations, group comparison statistics (e.g., F test, t-test)
were entered into CMA software to obtain an effect size.

Average weighted effects across studies

A total of 139 effect sizes were calculated from the 47 studies included in the analysis. We
used a Fisher’s r-to-Z transformation as the effect size metric. The formula is as follows: z, =
In((1+71)/(1 —r))/2 with a sample variance of 1/v/N — 3, where N is the sample size associ-
ated with the respective bivariate correlation. All Z values were later transformed back to the
r metric for ease of reporting. Because most of the studies reported more than one effect size,
there was within-study dependence among effect sizes; therefore, a robust variance estimation
(RVE; Hedges et al., 2010) approach was used to adjust standard errors to account for corre-
lations among dependent effect sizes. Using the correlated effects method within the
ROBUMETA package (see Tanner-Smith & Tipton, 2014, for details) we assumed a general
between-outcomes correlation of p = .80. Two measures of variability were also computed: Q
and I?. The Q statistic determines if variability in an average weighted effect size exceeds
sampling error alone (Shadish & Haddock, 2009). I> was also calculated as a second comple-
mentary measure of homogeneity, as it is less sensitive to sample size than Q (Higgins &
Green, 2011).

Extreme outliers were defined using Turney’s (1977) definition of 1.5 interquartile ranges
beyond 75th percentile upper and 25th percentile lower boundaries for effect sizes. To iden-
tify extreme outliers, the interquartile range was calculated and multiplied by 1.5 and effect
sizes outside these 1.5 interquartile boundaries were identified. Next, we conducted a sensitiv-
ity analysis by estimating the overall mean effect size with identified outliers excluded.
Sensitivity analysis results were compared to the overall mean effect size. This determined if
the outliers were placing undue influence on the overall effect size. Last, we visually assessed
funnel plots and employed Egger’s test (Egger et al., 1997) to explore the possibility of publi-
cation bias.

When homogeneity in effect sizes exceeded sampling error alone (as represented by a stat-
istically significant Q statistic), moderator analyses were conducted to determine if the excess
variability could be accounted for by identifiable differences between studies. The moderators
of interest included: (a) type of criterion reading measure (i.e., decoding/encoding, word-let-
ter identification, fluency, vocabulary, comprehension); (b) type of silent reading fluency
measure (i.e., word vs. contextual); (c) type of learner (English language learner [ELL] status,
at risk for a disability; average; above average and gifted); and (e) administration format (i.e.,
group or individual).
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Results
Research Question 1

Do scores from the TOSWREFE, the TOSCRF, and a weighted average of these two silent reading
measures differ from those from other standardized measures of reading competence?

Table 2 provides an overview of the characteristics of the studies included in this meta-analysis as
well as the descriptive statistics for each individual effect size. The reading tests included in this ana-
lysis were administered to 47,616 children, adolescents, or young adults. A total of 139 mean scores
from participants were extracted from 47 studies. Fifty-nine percent of the participants (n = 82) were
considered average learners; the remaining participants were students with or at-risk for disabilities
(n=49), English language learners (n=>5), or above average and gifted learners (n=1).

Twenty-eight of the 47 studies in the analysis reported outcomes on the TOSWREF; the remain-
ing 19 studies reported outcomes on the TOSCREF. Because scores from both tests were reported
using standardized scores (i.e., M =100; SD=15), descriptive statistics were combined into a
weighted mean score for each test, then combined into a comprehensive weighted average using
CMA software (version 3.0; Biostat).

Table 2 reports the descriptive statistics, weighted means and standard deviations (with 95%
confidence interval), and the correlation coefficient effect size for each of the measures of reading.
The weighted mean score across the 75 reported scores on the TOSWRF was 96.83 (SD = 8.43).
The weighted mean score across the 65 reported scores on the TOSCRF was 91.56 (SD = 8.52).

In the 47 studies examined, there were also 48 separate standardized tests of reading competence.
Thirty-one of these tests were subtests of component reading skills and 16 (or 33% of the sample)
were composite scores. The subtests were as follows: decoding (n=13); word-letter identification
(n=10); fluency (n=9); vocabulary (n=3); and comprehension (n=6). Weighted mean scores were
calculated for each subtest and composite score, then combined into a total weighted mean score (see
Table 2). Weighted mean standard scores (with standard deviations in parentheses) were 97.74 (6.57)
for decoding, 95.14 (9.57) for word-letter identification, 91.14 (14.40) for fluency, 96.25 (1.95) for
vocabulary, 95.90 (6.81) for comprehension, and 99.60 (5.97) for composite scores. The weighted
mean standard scores suggested that when the two tests of silent reading fluency and other measures
of reading (i.e., component skills and composite scores) were administered to the same sample of par-
ticipants, the difference between the standard scores is, on average, 2 standard score points (range of
standard score differences = 0.61 to 5.07; M =1.52).

To determine the meaningfulness of these weighted mean score differences, we calculated
the mean effect size difference between the TOSWREF, TOSCREF, and the criterion tests of read-
ing ability (see the right three columns in Table 2). In interpreting the magnitude of effect sizes,
we are guided by Hopkins (2002). He suggested that effect size r coefficients between .00 and
.09 are very small or trivial, coefficients between .10 and .29 are small, coefficients between .30
and .49 are moderate, coefficients between .50 and .69 are large, coefficients between .70 and
.89 are very large, and coefficients between .90 and 1.00 are nearly perfect. The median average
effect size difference between the TOSWRF and the tests of reading competence was .03 (very
small or trivial) and ranged from —.16 (small) to .23 (small). The median average effect size
difference between the TOSCRF and the tests of reading competence .16 (small) and ranged
from —.44 (moderate) to .12 (small). These results indicate that, on average, a student’s per-
formance on the TOSCRF and TOSWRF will mirror performance on other norm-referenced
tests reading skills (and vice-versa).

When results from TOSWRF and TOSCRF were combined into a weighted mean score and
compared to the weighted mean scores from the other measures of reading competence we found
the scores were similarly nearly identical. The r value and magnitude in the last two columns in
the bottom row of Table 2 represents the average weighted standard deviation unit test difference
and qualitative difference between the TOSCRF and TOSWRF and the combined results from
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other norm-referenced standardized measures of reading competence. The weighted mean average
across the TOSWRF and TOSCRF was 94.53 (SD = 8.84) and the weighted mean score across the
48 standardized tests of reading competence was 96.05 (11.78). The intercept-only RVE model
indicated a statistically significant overall effect size of 0.07, SE=0.04, p = .000. Even though the
overall effect size of 0.07 was statistically significant, the magnitude of the effect size was what
Hopkins would describe as very small or trivial.

We examined the Q-value (an indicator of how similar the effects sizes are from study to
study) and found a value of 1785.31, with df=139 and p < .0001, indicating the true effect size
varies from study to study. The I? value reflects the proportion of variance that is due to real dif-
ferences (and potentially explained by moderators). In this model, I* is 92.214, which means that
almost all the observed variance reflects real differences in study effects. However, when examin-
ing the risk of publication bias, we found there was good symmetry within the funnel plot, indi-
cating no relationship between effect and study size; moreover, Egger’s test indicated no evidence
of bias (p=0.761).

Research Question 2

What variables moderate the relationship between the TOSCRF and TOSWRF and other standar-
dized measures of reading competence?

In addition to an overall model, we examined whether study characteristics (i.e., domain of
criterion test, type of learner, type of silent reading fluency test, and administration format)
explained variability in effect sizes between the TOSWRF, TOSCRF, and other standardized meas-
ures of reading. The ROBUMETA package (Tanner-Smith & Tipton, 2014) was used to conduct
tests based on RVE heteroscedasticity. Table 3 displays the results from meta-regression models
predicting the average weighted effect sizes for all studies with four moderator variables.

When all four moderator variables were entered into the analysis, they accounted for 30% of
the variance in effect sizes (Q-value = 75.42, df=10, p = .000). Three moderators (type of
learner, ELL status, and type of silent reading fluency test) made a unique contribution to pre-
dicting variability in effect sizes. After controlling for other variables, the type of learner was a
significant moderator variable. Specifically, English language learners made a small, unique, con-
tribution to predicting variability in effect sizes between the TOSCRF, TOSWRF, and other stand-
ardized measures of reading, f = —.26, SE = .09, 95% CI [-.43, —.09], p = .002, whereas
students with and at risk for disabilities, average learners, and above average and gifted learners
did not (ps > .05).

We also found a small but significant difference in effect sizes between the TOSWRF and
TOSCRE. The TOSCRF was responsible for larger effect sizes between standardized tests of read-
ing competence than the TOSWREF, = .23, SE = .04, 95% CI [.16, .30], p = .000. Last, adminis-
tration format significantly moderated effect sizes between the TOSWRF, TOSCRF and other
standardized measures of reading competence. Tests administered to groups resulted in small, but
statistically significant effects, f = —.11, SE = .05, 95% CI [—.21, —.02], p = .016. There were no
significant moderation effects for type of criterion tests, when effect sizes were compared between
subtests (i.e., comprehension, fluency, vocabulary, word and letter identification, and decoding)
and composite scores (overall reading scores or other composites related to achievement), after
controlling for all other variables in the model.

Discussion

In this meta-analysis, we sought to synthesize findings of two commonly used measures of silent
reading fluency (i.e., the Test of Silent Word Reading Fluency [TOSWREF] and the Test of Silent
Contextual Reading Fluency [TOSCRF]) and compare to other standardized measures of reading
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competence to explore their usefulness as an indicator of general reading competence. A second
objective was to examine variables that moderated variability in effect sizes on reading measures.
Our findings contribute to the literature on using the TOSWRF and, its companion, the TOSCRF
to measure reading competence.

Research Question 1

Do scores from the TOSWRF, the TOSCRF, and a weighted average of these two silent reading
measures differ from those from other standardized measures of reading competence?

The present meta-analysis included 47 published studies that administered the TOSWRF
and/or the TOSCRF, and at least one of 48 separate standardized tests of reading, to 47,616 par-
ticipants. The results from our investigation reveal several noteworthy findings. We found that
scores from the TOSWREF, the TOSCRF, and a weighted average of these two silent reading meas-
ures differ very little from scores from other standardized measures of reading competence—the
average standard score difference was 2 points.

The median average effect size difference between the TOSWRF and the subtest measures of
component reading competence was .03 (very small or trivial) and ranged from —.16 (small) to
.23 (small). The median average effect size difference between the TOSCRF and the tests of read-
ing competence .16 (small) and ranged from —.44 (moderate) to .12 (small). These results indi-
cate that, on average, a student’s performance on the TOSCRF and TOSWRF will mirror
performance on other norm-referenced tests reading skills (and vice-versa), regardless of the type
of component reading skill being measured.

The weighted mean differences between the silent reading fluency measures and composite
scores from norm-referenced assessments (e.g., Gray Oral Reading Test [GORT], Kauffman Test
of Educational Achievement [KTEA], and the Gates MacGinitie Reading Test [GMRT]) were
larger than the subtests of component reading competence (Woodcock Johnson - III [W]-III]
Word Reading, Weschler Individual Achievement Test — III [WIAT-III] Word Reading, Peabody
Picture Vocabulary Test [PPVT-4]). However, the effect size r values (i.e., the average differences)
between the TOSCRF, TOSWREF, and standardized measures that produced composite scores and
subtest scores were small (r=—.18, 95% CI [-.36, —.08]) to trivial (r=—.04, 95% CI [-.16, .08]),
respectively (see Table 3).

The results also indicated that standardized mean differences (r) between the TOSWREF,
TOSCRF, and other norm-referenced, standardized tests of reading competence were trivial

Table 3. Meta-regression of Moderating Variables.

Moderator p SE 95% Cl p
Intercept -.018 0.06 [-.13,.09] 744
Type of Learner

English Language Learner -.261 0.09 [-.43, —09] .002

Average .012 0.04 [-.06, .09] 733

Above Average and/or Gifted 392 0.21 [-.02, .81] .064
Test of Silent Reading Fluency

TOSWREF vs. TOSCRF 228 0.04 [.16, .30] .000
Administration Format

Group vs. Individually Administered -114 0.05 [-.21, —.02] 016
Type of Test Used for Criterion Validity

Decoding -.090 0.06 [-.21, .03] 133

Word-Letter ID .050 0.06 [-.07, .18] 439

Fluency .064 0.06 [-.06, .19] 304

Vocabulary -011 0.12 [-.25, .23] 927

Composite Score .018 0.06 [-.10, .13] 762

Note. All moderators were entered in one model. Several models were run for thorough subgroup comparisons for moderators
with more than 2 categories. For the convenience of presentation, comparisons for all moderators are all listed in one table.
Between-study sampling variance (z2) for this model is .03.
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(weighted average r=0.07); moreover, the range of effect size differences were relatively small
(Shadish & Haddock, 2009; 0.04-0.11). What this suggests is that scores on the TOSWRF and
TOSCREF are strong indicators of how well students are likely to perform across a broad range of
reading competency tests.

Research Question 2

What variables moderate the relationship between the TOSCRF and TOSWRF and other standar-
dized measures of reading competence?

Our results showed that several moderators were responsible for differences in effect sizes
across the 47 studies examined in this meta-analysis.

Domain of reading

One finding was that type (or domain) of reading skill assessed by criterion reading measures did
not explain a significant amount of variation in effect sizes. In other words, while true effect sizes
varied across the 47 studies, the type of reading domain being assessed was not responsible for
real differences in study effects. This confirmed that TOSCRF and/or TOSWREF scores do not dif-
fer significantly from scores across a wide range of domains (e.g., decoding, word identification,
oral fluency, vocabulary, comprehension, and composite scores), which supports claims reported
in the TOSCRF and TOSWREF technical manuals as well as existing theory suggesting that fluency
scores are an indicator of general reading performance and can be useful as a progress monitor-
ing measure (Espin & Deno, 2016; Hammill et al, 2014; Kamhi & Catts, 2017; Mather et al,,
2014).

Type of learner

Controlling for other variables, English language learner was associated with a small, negative
moderating effect (f = —.26, SE = .09) on the standardized mean differences (r) between the
TOSWREF, TOSCREF, and other standardized measures of reading. The range in effect size differ-
ences was —.43 (moderate) to —.09 (very small to trivial). Further analysis revealed English lan-
guage learners earned higher average mean scores on the TOSWRF and TOSCRF (M = 85.25,
SD=121.90) than on the other standardized tests of reading (M =78.53, SD=22.75); a mean dif-
ference of 6.72 points. This finding is consistent with what has been reported in prior literature,
showing that standardized assessment results for ELLs are confounded by English language profi-
ciency, with the largest performance differences in language-related subscales of tests of reading
(Abedi, 2002).

Other studies (e.g., Denton et al., 2011; Hua & Keenan, 2017) suggest that the factors affecting
students’ performance on different reading assessments varies by the reading skill level of the stu-
dent. The current analysis did not find moderation by skill level suggesting that student perform-
ance on the TOSCRF and TOSWRE varies in concert with other reading measures for differing
ability levels. This does not contradict others’ findings that assessment varies in its effectiveness
based on the ability of the student being tested. Rather, this finding indicates that the TOSWRF
and TOSCREF are like other measures in their level of utility for students of varying abilities.
Future study will be needed to determine if the TOSWRF and TOSCRF can detect changes in
students’ performance in response to instruction, especially for lower-performing students.

Administration format
The type of silent reading assessment (TOSCRF v. TOSWRF) also had a small, moderating effect,
on mean differences between tests. While the magnitude of differences were small, weighted



14 D. R. WISSINGER ET AL.

average scores between the TOSCRF and other standardized reading tests tended to be slightly
larger than differences on the TOSWRF (M =5.27, SD =0.09). These findings seem to align with
research showing that mastery of word reading precedes students’ reading of connected text
(Altani et al., 2020; Jenkins et al., 2003), which would translate into higher overall scores on tests
that measure word reading fluency. In addition, the administration format moderator showed
that effect sizes across studies varied based on whether standardized reading tests were adminis-
tered to individuals or groups. This finding was consistent with what has been reported in other
meta-analytic studies examining curriculum-based measurement oral reading as an indicator of
reading achievement (Reschly et al., 2009).

Implications

These finding have implications for school professionals. To elaborate, one should consider that
both tests can be administered by a teacher to a classroom of students in two 3-minute sessions.
This feature makes the TOSWRF and TOSCRF potentially attractive measures of student progress
after initial diagnostic assessment and targeted instruction. Importantly, we are not suggesting
that the TOSWRF and TOSCRF should replace traditional standardized reading measures.
However, the two might be used together as a supplementary tool within screening systems such
as the Response to Intervention (RTI) model, specifically for tracking intervention effectiveness
more efficiently.

For teachers and reading specialists, the implication seems to be that language clearly plays a
central role in how nonnative speakers of English perform on the TOSWRF and TOSCRF; more-
over, since many ELLs are just learning English, the best use of classroom time might be to help
ELLs develop English word recognition and decoding skills and assess read-aloud fluency using
measures such as DIBELS Oral Reading Fluency (ORF) where the learner can hear and decode
written language aloud. As nonnative speakers’ reading abilities evolve, teachers might consider
integrating tests of silent reading fluency into formal and informal screening and progress moni-
toring procedures.

Limitations

The study has several limitations that should be mentioned. First, although we searched numer-
ous databases to collect studies for inclusion, we might have missed some applicable studies.
Some of the studies in the review also had more effect sizes than other studies. To mitigate the
potential problems associated with dependencies in nested data, we used RVE analysis procedures
(Hedges et al., 2010). Second, nearly 60% of the studies in the meta-analytic sample were per-
formed with students who were average-achieving students. Less than 5% of the sample included
either English language learners or students who were academically gifted. Therefore, more work
is needed to better understand the efficacy of tests of silent reading fluency and other standar-
dized measures with non-native English speakers as well as with students who are academically
gifted.

An important objective of this investigation was to identify critical variables in studies (i.e.,
domain used for criterion validity, type of learner, administration format) that may explain excess
variability in effect sizes between the TOSWRF, TOSCRF and other standardized measures of
reading. However, due to inconsistencies in reporting across studies, we were unable to consist-
ently collect data on age and/or grade-level, which can impact performance on silent reading
measures (Kim et al., 2011; Price et al,, 2016). Systematic reviews on oral reading fluency report
inconsistent data collection for age and/or grade-level as well (Reschly et al., 2009); therefore,
more work is needed to better understand how participants’ age or grade-level affects perform-
ance across studies. Last, some may disagree about how we classified each of the criterion reading
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measures in the study. Admittedly, the constructs that most reading tests measure are not without
overlap. For example, the TOWRE Word Reading Efficiency score is a combination score of a
decoding task and a word recognition task. Both tasks require fluent word production and there-
fore could fit in four different categories (decoding, word identification, fluency, or composite
score).

Conclusion

The TOSWRF and its companion test, the TOSCRF, were built to provide educational professio-
nals (e.g., researchers, school psychologists, and teachers) with time- and cost-efficient, reliable,
and valid indicators of reading competence. In this meta-analysis, the results from administering
the TOSWRF and TOSCRF are nearly identical to the results from administering other standar-
dized measures of reading competence. These findings seem to hold across types of reading com-
petence and with most types of students. Furthermore, the results suggest that these brief, reliable
measures of silent reading fluency perform at least as well as more traditional, resource-intensive
measures when screening to identify students who have reading problems or when a brief, accur-
ate, easy to administer and score measure is required.
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