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Abstract

Fourth graders whose silent word reading and/or sentence reading rate was, on average, two-thirds
standard deviation below their oral reading of real and pseudowords and reading comprehension
accuracy were randomly assigned to treatment (n=7) or wait-listed (n=7) control groups.
Following nine sessions combining computerized rapid accelerated-reading program (RAP),
which individually tailors rate of written text presentation to comprehension criterion (80%), and
self-regulated strategies for attending and engaging, the treated group significantly outperformed
the wait-listed group before treatment on (a) a grade-normed, silent sentence reading rate task
requiring lexical- and syntactic level processing to decide which of three sentences makes sense;
and (b) RAP presentation rates yoked to comprehension accuracy level. Each group improved
significantly on these same outcomes from before to after instruction. Attention ratings and
working memory for written words predicted post-treatment accuracy, which correlated
significantly with the silent sentence reading rate score. Implications are discussed for (a)
preventing silent reading disabilities during the transition to increasing emphasis on silent reading,
(b) evidence-based approaches for making accommodation of extra time on timed tests requiring
silent reading, and (c) combining computerized instruction with strategies for self-regulation
during silent reading.

The current study addressed three timely issues for teaching at risk readers: transition to
silent reading in the middle grades, treatment outcomes for intervention for silent reading
comprehension rate yoked to criterion comprehension levels, and combining computerized
instruction with self-regulation strategies for attending to and engaging with computerized
instruction. The educational relevance of these issues is explained to provide the background
for the research design and tested hypotheses.
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First, at a time in the history of education when transitions are increasingly emphasized from
preschool to early schooling (e.g., Pianta, 2007) and from high school to postsecondary
schooling (e.g., U.S. Department of Education, Office of VVocational and Adult Education,
2010), the transition from early childhood to middle childhood in the middle elementary
grades also deserves attention. On the one hand, this fourth grade transition has been
investigated from the perspective of a shift from learning to read in the first three grades to
reading to learn in the subsequent grades (e.g., Chall, 1983). On the other hand, this fourth
grade transition is also associated with a shift from a major focus on oral reading to an
increasing reliance on silent reading for instructional activities and assignments, at least in
the United States. Although research has generated considerable evidence about effective
oral reading instruction, especially during the early grades (e.g., National Reading Panel,
2000; Schreiber, 1980; U. S. Department of Education, National Center for Education
Statistics, 1995), relatively less research has focused on effective silent reading instruction,
especially during the fourth grade transition.

Second, at a time when much research has focused on preventing oral reading disabilities
through early intervention, relatively less research has focused on preventing silent reading
rate problems that, if not treated, are also likely to result in persisting reading disabilities.
Early intervention research clearly provides evidence for the effectiveness of oral reading
fluency instruction (e.g., Nathan & Stanovich, 1991) for reading achievement in general (L.
S. Fuchs, D. Fuchs, Hosp, & Jenkins, 2001) and reading comprehension in particular
(Petscher & Kim, 2011; Schwanenflugel et al., 2006; Wanzek, Roberts, Linan-Thompson,
Woodruff, & Murray, 2010). However, some students may develop adequate oral reading of
single real words, but be at risk for developing adequate silent word reading or reading
comprehension rate skills during the fourth grade transition. For example, Hale, Skinner,
Williams, Hawkins, Neddenriep, and Dizer (2007) found that oral reading accounted for
only 27.66% of the variance in silent reading of elementary students and only 14.38% of the
variance in silent reading in high school students. Denton et al. (2011) found a weaker
relationship between reading comprehension and oral reading fluency for older students in
grades 6 to 8 than younger students. Oral reading fluency and silent reading fluency may be
highly related, yet distinct constructs (e.g., Kim, Wagner, & Foster, 2011), allowing for
possible individual differences in the levels to which each is developed. Indeed, some older
readers in grades 4 and above may benefit from continued training in silent reading fluency
(Hiebert et al., 2012; Rasinski, Samuels, Hiebert, Petscher, & Feller, 2011) and
comprehension (Buly & Valencia, 2002; Dewitz, & Dewitz, 2003; Nation, 2004). Thus, the
current study focused on response to silent reading instruction at the fourth grade transition
to prevent future silent reading disability.

Third, computerized instruction is ideally suited for training silent reading comprehension
rate by manipulating rate of presentation for specific kinds of comprehension tasks yoked to
criterion levels of comprehension. For example, the Rapid Accelerated Program (RAP)
program (e.g., Breznitz, 1987; 1997a, 1997b; 1997c; Breznitz & Share, 1992) individually
tailors rate of written text presentation to the individual's comprehension level and then
accelerates that rate when criterion levels of comprehension are achieved and maintained.
Reading rate, which is controlled by regulating the rate at which letters disappear from the
written language on the monitor, can be accelerated by increasing the rate at which the
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letters disappear. Breznitz's programmatic line of research showed that accelerating
participants’ reading to their fastest individual pace consistently increased word reading
accuracy (as measured by decreased errors) and comprehension in typical readers, poor
readers, and those with dyslexia. Fast-paced reading may facilitate synchronized processing
of information in working memory (Breznitz, 2006).

However, because prior research showed that poor readers have weaknesses in paying
attention to written words (Thomson et al., 2005), the current research combined
computerized silent reading comprehension rate instruction with self-regulated strategy
instruction for paying attention to and engaging with the computerized instruction. Just as
early intervention has shown that some students are non-responders (Torgesen, 2000), some
students may be non-responders to computerized silent reading instruction: But are they
non-responders because they are not paying attention to or engaging with the instruction or
because the instruction is not effective? Indeed the research team had observed in prior
research that some students had difficulty paying attention to or engaging with computerized
instruction, even though it is often assumed that computer programs ensure fidelity of
treatment implementation by keeping instruction constant across students. To maximize the
likelihood that inattention and/or lack of engagement were not interfering with response to
the computerized instruction, the research team developed and taught a set of strategies for
self-regulation of attention and engagement during the computerized silent reading
comprehension instruction (see Appendix). These strategies drew on approaches for
teaching strategies for self-regulating reading comprehension (e.g., Souvignier &
Mokhlesgerami (2006) or writing (e.g., Wong, 2001; Wong, Butler, Ficzere, & Kuperis,
1996). Although research on the effectiveness of single instructional components can be
instructive (e.g., Heistad, 2008), it can also be useful to know the effectiveness of instruction
that combines components.

Operationalizing Constructs

Silent reading rates at multiple levels of language

For the research aims of the current study, measures were selected to assess different levels
of language in silent reading comprehension with focus on word (lexical), sentence (syntax),
and text (discourse) levels (see Berninger & Niedo, in press, for a levels-of-language
framework for assessing and teaching reading). Recognizing that fluency is a multi-
dimensional construct, the researchers focused on one dimension of fluency—rate—and
operationalized it with normed measures at pretest and posttest that are scored on basis of
number of accurate responses within a time limit or yoked to total time to assess (a) rate of
word identification during silent reading when sentence context clues are not available, (b)
rate of word identification during silent reading when sentence context clues are available,
and (c) rate of rendering sentence sense judgments on tasks that required careful attention to
both the lexical units and syntax structures. In addition, they used scores for computerized
tasks at the word, sentence, and text levels. See Methods section for nationally normed
measures used for each of these constructs.

The focus on silent reading rates for word identification and sentence comprehension is
grounded in prior research. Biemiller (1977-78) found differences in reading times between
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those with good and poor reading skills for letters, words out of context, and text (words in
context). With age, rate of reading words increased to approximately rate of reading letters
for those with good reading skills. The gap between letter time and word time for readers
with poor reading skills, on the other hand, persisted. In terms of comprehension, findings
did not support a difference between the readers who were more or less able in their ability
to effectively use context. Drawing on Biemiller's work, Lovett (1987) reported markedly
different profiles for children with accuracy disability (concurrent with rate disability) and
those with only rate disability (but grade-appropriate word accuracy skills). Yet, during
silent reading, children with both accuracy and rate reading disabilities in Lovett's study
showed decreased comprehension in comparison to controls without reading disability.
Berninger (1994) found individual differences in levels of language in sentence
comprehension (lexical- and syntax- levels) on a computerized silent reading comprehension
task employing a paradigm developed by Potter (1984) for simultaneous and sequential
presentation of words in a sentence comprehension task.

Verbal working memory and inattention influences on silent reading rate

Perfetti's (1977) verbal efficiency model proposed that comprehension is compromised
when limited working memory capacity is reallocated to nonautomatic word level reading,
and as a consequence, fewer resources are available for syntax- and text- level
comprehension processes. This model is likely to hold for silent reading rate as well as oral
reading rate (for review, see Chard, Vaughn & Tyler, 2002; Katzir et al., 2006; Rasinski,
Samuels, Hiebert, Petscher, & Feller, 2011). According to Breznitz (2003), lack of temporal
coordination, supported by the timing mechanisms of working memory, may lead to
asynchrony among the different processes involved in reading, resulting in slow reading
(Breznitz, 2003; Horowitz-Kraus & Breznitz, 2011). It follows that effects of silent reading
instruction may be affected by working memory, and thus working memory was assessed
too. In addition, inattention ratings validated by Thomson et al. (2005) for written language
tasks were collected because inattention might also may affect response to the computerized
instruction for developing silent reading rate skills at both the lexical and syntactic levels.

Research Aims of the Current Study

The current study used Breznitz's computerized RAP software, but used it in a new way.
Children used the software to develop silent reading rate in English at different levels of
language—word cloze, sentence logic, and paragraph understanding (see procedures in
methods section). Children who at the end of fourth grade had a profile in which silent word
reading rate and/or silent sentence reading rate was underdeveloped compared to their oral
reading accuracy for single real words and pseudowords on a list and reading
comprehension accuracy participated in a wait-listed control research study. The goal was
not to evaluate the effectiveness of the combined RAP and strategy training for listing on the
What Works website or to use in schools, but rather to provide initial evidence about
whether combining computerized instruction with strategy instruction for optimizing
response to the computerized instruction might improve rate for silent word reading and
silent sentence reading. Such initial evidence could be used to design future studies of silent
reading during the fourth grade transition in reading development to inform instructional
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practices and tools. The schedule of observations to achieve this goal included (a)
standardized, normed measures of reading and working memory given before and after
treatment to each group, but timed so that the posttest for the first group was given at the
time of the pretest for the second group, (b) parental ratings of children's attention prior to
treatment, and (c) RAP scores for rate of presentation on each of the three tasks at a level
meeting comprehension criteria (80% correct), which were collected in each of nine
sequential instructional sessions.

Three hypotheses were tested. The first was that the initial treatment group would at the end
of their treatment significantly outperform the wait-listed control group just before they
began treatment on both the standardized silent reading measures and RAP silent reading
rate at criterion level of comprehension (80%). The second was that both groups would
improve significantly on the same learning outcomes from before to after participating in the
nine instructional sessions. The third was that attention ratings and working memaory for
written words before treatment would predict outcomes on silent reading rates after
treatment that combined multi-leveled computerized silent reading rate training and strategy
instruction for paying attention to and engaging in the computerized training.

This research was approved by the Institutional Review Board (IRB) at the university where
it was conducted. Flyers were distributed in spring to fourth grade teachers in local schools
near the university that announced the opportunity to participate in the research during the
summer at the university. Teachers were encouraged to share the flyers with parents of
students that they thought would benefit from participation in research designed to improve
silent reading rate. Specifically, they were asked to refer students whom they were
concerned could not keep up with reading assignments in fifth grade because their silent
reading rate, not necessarily their oral reading, was underdeveloped based on their teaching
experience for fourth graders. The flyer provided necessary university contact information
for interested parents.

Referred children whose parents granted informed consent and who granted assent were
given a battery of normed tests and parents completed attention ratings used in Thomson et
al. (2005). Children whose reading comprehension and oral word or pseudoword reading
accuracy fell in or above the average range (standard score 90 to 109), but silent reading rate
fell in the low average range (below 90) on at least two of the three measures qualified for
participation. Because two of these involved rate of silent word reading (with or without
context) and one involved rate of silent sentence reading, all participants had relative
weaknesses on at least one silent word reading measure. All the referred and tested children,
who ranged in age from 9-5 to 11-1, met these research inclusion criteria.

Parents of the participating children tended to be highly educated: Of mothers, one did not
graduate from high school but earned a GED, four graduated from college, and nine were
college graduates with post-undergraduate education. Of fathers, three were high school
graduates with some postsecondary education, two were college graduates, and nine were
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college graduates with postsecondary education. The child participants, none of whom were
on free and reduced lunch, were diverse in ethnic background: European American only
(n=7), and mixed (n=7), African-American, Hispanic, and European-American (n=2),
European-American and Hispanic (n=1), Asian-American and African-American (n=1),
European-American and African-American (n=2), or Hispanic and Arabic (n=1). However,
English was the first language for all participants. All participating children were right
handed.

Pretest and Posttest Assessment Battery for Reading and Reading-Related Skills

All measures were individually administered at the university. In addition, parents
completed ratings related to self-regulation of attention and behavior. The pretest measures
were used to evaluate any differences between the initial treatment group and the wait-listed
group prior to each group receiving the research-designed instruction. Some of the normed
measures were repeated at posttest to evaluate change over time on normed measures
following instruction combining computerized and strategies training.

Oral real word reading accuracy—The Wechsler Individual Achievement Test, 21
Edition (WIAT Il) Real Word Reading subtest was administered according to standardized
directions in the test manual (Psychological Corporation, 2005). The stability coefficient is .
97 for ages 10-12.

Oral pseudoword reading accuracy—The WIAT Il Pseudoword Reading subtest
(Psychological Corporation, 2005) was used to assess a child's ability to read a list of
nonsense words that do not have a semantic meaning but adhere to the morphophonemic-
orthographic structure of the English language. The stability coefficient is .97 for ages
10-12.

Text reading comprehension accuracy—The WIAT Il Passage Comprehension
subtest (Psychological Corporation, 2005) was given to assess reading comprehension. The
child was asked to read passages before orally answering literal or inferential questions. The
stability coefficient is .95 for ages 10-12.

Silent word reading rate—The Test of Silent Word Reading Fluency (TOSWRF)
(Mather, Hammill, Allen & Roberts, 2004) was given to measure the speed and accuracy of
silent word recognition within a three minute time limit. The child was given a series of
words without any spaces between them (e.g. dimhowfigblue) and asked to use slash lines to
mark word boundaries (e.g. dim/how/fig/blue). The stability coefficient is .89 for the
elementary level (ages 7-10). This test is a silent reading counterpart of the oral reading of
real words.

Silent word reading rate for single words embedded in meaningful context—
The Test of Silent Contextual Reading Fluency (TOSCRF) (Hammill, Wiederholt & Allen,
2006) was administered to determine the speed at which words are recognized in context
within a 3 minute time limit. The child was asked to use slash lines to mark word boundaries
in a series of words without spaces between them that could be grouped into sentence units
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but did not have punctuation marks. Thus, words could be identified not only on the basis of
their morphophonemic-orthographic knowledge of single words but also on basis of
semantic and syntactic clues from the words in sentence context. The stability coefficient is .
88 for children in the elementary level (ages 7-11).

Silent sentence sense rate score—The Sentence Sense subtest of the Process
Assessment of the Learner, 2"d Edition (PAL 2) (Berninger, 2007) was given to measure
ability to coordinate word recognition with syntactic processing during silent sentence
comprehension under time limits. Presented with a set of three sentences, the child was
asked to identify the one that was a meaningful sentence. Each of the sentences had only real
words and each sentence differed from each of the others by only one word. So children had
to pay close attention to both single words and the syntactic context in which they occurred.
The fluency score is based on a norming metric that takes into account both accuracy and
time; that is, for a given level of accuracy, the score reflects the time taken based on the
variability in time observed in the standardization sample. Reliability for grade 4 is .66 for
the rate metric in the national standardization sample that, like the RAP program, yoked
accuracy to time. Please note that this measure was selected instead of others available for
silent reading fluency, which assess timed judgments of whether sentences reflect factual
knowledge of the world, because of the specific aims of the funded research related to
training silent reading comprehension within the context of a levels-of-language model.

Working memory measures—PAL 2 Working Memory--Words (Berninger, 2007) was
given. Each item is scored for accuracy of questions posed by the examiner. For Working
Memory—Words, the examiner named a word and asked the child to spell it forwards with
the examiner, then with eyes closed spell the word backwards without assistance, and finally
while thinking about the word in forward direction name a letter or letters in the word
position or positions indicated by examiner. This measure (stability coefficient for grade 4
is .92) assesses ability to create a precise word-specific spelling in working memory and
then analyze letters in the written word stored in working memory.

Attention/hyperactivity ratings—~Parents were asked to complete an 18- item
questionnaire regarding observations of their child's attention and level-of-activity problems
in school and other daily activities before treatment. For example, parents were asked to
mark always, pretty often, sometimes, never, problem, or not a problem for items such as
their child's failure to pay close attention to detail. Prior research had validated a four-factor
structure underlying the 18 items and showed that the factor score for inattention explained
unique variance in reading rate (Thomson et at., 2005); thus only the inattention factor score
was used to predict silent reading rate for word identification and sentence comprehension.

Random assignment to groups in wait-listed control design—Children who met
research inclusion criteria for being at risk for silent reading rate problems at the end of
fourth grade (oral reading accuracy and reading comprehension in average range or better,
with at least two measures of silent reading rate in the low average range or lower) were
randomly assigned to one of two groups (initial treatment at beginning of summer or wait-
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listed with midsummer treatment) until the design was completed. Based on the number of
computer work stations available on which RAP software was installed, seven were assigned
to the initial treatment group and seven to the wait-listed control group. The initial treatment
group, which received the RAP intervention first, included three girls and four boys who
met the research inclusion criteria. The wait listed control group, who received the treatment
after the first group completed it, also included three girls and four boys who met the
research inclusion criteria for silent reading rate weaknesses. The assessments confirmed the
judgments of the teachers who referred the children for silent reading rate problems.

Computerized instruction and assessment procedures—Each participant received
nine treatment sessions, each lasting about an hour, in which three computerized tasks in
English, which are described in the next section, were completed. A three member research
team (Ph.D. student, postdoc, faculty investigator), all with considerable teaching
experience, supervised these sessions with children each working independently at their
work stations; the research team provided children with ongoing feedback about their
reading rate at completion of each unit within a session; this feedback is produced by the
RAP software. Children were praised when their reading rates (based on speed and accuracy
levels) improved.

Each training session began with a 13-item sentence comprehension pretest to determine a
child's individual reading time for computerized items at a level where the child met the
comprehension criterion of 80% or better accuracy. The child read a single sentence and
answered a multiple choice comprehension question, for example, What did John get? This
question was answered in reference to a sentence such as Last month John got a new dog
from the pet shop. This initial reading rate was calculated from the onset of the sentence up
to the time the child clicked on the choice to answer the comprehension question.

Following this initial baseline, six cloze items, eight logical-judgment sentences, and four
paragraph-understanding tasks were given. Children completed 22 subsets of these three
tasks before a 13-item sentence comprehension RTI assessment was given to evaluate
possible improvement at the end of each session. Also, the computer program manipulated
reading rate after response to every set of ten questions, based on the child's performance on
the sentence logic and paragraph tasks.

If a child's accuracy (number of correct items) fell below 80%, then the pace (rate at which
words disappeared) remained the same in the next trial. If the child's accuracy reached 80%
for a minimum of 8 correct responses to the last 10 questions following sentences or
paragraphs, then the reading pace increased in the next trial. The RAP rate for presentation
is the number of letters per second at which the child can reach the criterion level of
comprehension accuracy. A higher score is a better score.

Sentences within each subtest varied within one trial; no stimuli were repeated within a trial
set. However, across trials, the same items were repeated in the sets of cloze, logical
judgment, and paragraph understanding tasks, which are described next.
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Computerized reading tasks across levels of language—RAP required children to
complete three subtasks: a) Word Cloze, b) Sentence Logic, and c) Paragraph
Understanding. During the Word Cloze task, children were presented a sentence with a
blank, for example, The race car can go very . This sentence was followed by a list of
multiple choice words from which to choose one to fill in the blank to best complete the
sentence. This cloze task assessed the integration of predicting next word and identifying a
word that fits the sentence context. The Sentence Logic task required children to decide
whether or not a sentence was meaningful, for example, Animals ask many questions. They
pressed logical or illogical, which flashed on the screen, to communicate their judgment.
During the Paragraph Understanding task, children read a short paragraph and answered
questions related to the content of the passage. For example, for this paragraph that follows
the question was When should whole grains be eaten? Paragraph: Whole grains are an
important part of a balanced diet. They should be eaten on a daily basis. Many of your
favorite cereals contain whole grains.

The computerized program individually tailors rate of presentation of written materials
according to a child's comprehension accuracy and reading rate on the prior learning trial.
To adjust rate at which written stimuli are presented, RAP controls the rate at which letters
disappear in written words in a left-to- right direction. Thus the reader has to hold the
written words in working memory as words disappear as a word, sentence, or text is read.

Strategies for self-regulating attendion and engagement—In other research
employing computer tools for instruction the research team had observed that students may
not attend to or stay engaged with the computer program. Thus, even though computerized
programs may seem the ideal way to ensure fidelity of treatment implementation, if a
student does not respond to instruction, it is important to consider whether it is because of
failure to pay attention or engage or because the instruction is not effective. Thus, during the
first two sessions of the initial treatment group, the team observed student response to the
RAP program and developed the strategies in the Appendix to optimize children's attention
to and engagement with the computerized instruction. These strategies were reviewed with
the children at the beginning of sessions three to nine for both the initial treatment group and
the wait-listed control group.

Data Analyses

First, the initially treated group was compared to the wait-listed control group on
standardized, normed measures of silent word reading rate and silent sentence
comprehension rate completed at pretest before each group began treatment. Second, the
RAP scores across the last three learning trials of the initially treated group were compared
to the RAP scores across the first three learning trials when the wait-listed group began
treatment. Third, each group was analyzed separately in repeated measures ANOVAS, in
which each participant served as his or her own control, for statistical significance of any
pretest to posttest change during RAP treatment on standardized normed tests. Fourth,
separate repeated measures ANOVAs for each group were conducted for performance
across three time points within RAP learning trials within each group. Fifth, correlations
were computed between pretest measures of attention and working memory and posttest
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performance on measures on which both groups showed RAP-treatment effects. The goal of
the fifth analyses performed on the total sample of combined groups was to evaluate
whether pretreatment individual differences in attention or working memory may affect
learning outcomes for combined RAP and self-regulation.

Participants’ Relative Weakness in Silent Reading Rate

Before treatment the children in both the treatment and wait-listed control groups fell on
average in the average range (at or near the population mean) in accuracy of oral reading of
real words and pseudowords and reading comprehension. However, their silent reading rate
skills, on average, fell below these scores (in the low average range or below). So, for this
sample, reading rate weaknesses existed despite average or better oral reading accuracy and
comprehension accuracy. The treatment and wait-listed control groups did not differ
significantly before treatment on any of the measures in Table 1. See Table 1 for the means
and standard deviations for each of the measures at pretest and for the reading measures
given again at posttest.

Effects of Combined RAP and Strategy Instruction

Standardized, normed test outcomes—The treatment and wait-listed control group
were compared when the initial treatment group completed all RAP training sessions before
the wait-listed control group began the RAP training. Differences in degrees of freedom are
related to missing data for one student in the wait-listed group at posttest due to an
unexpected family issue. The only treatment effect observed on normed measures in this
quasi-experimental comparison was on a measure of silent sentence reading rate that
required both word-level and sentence-level processing to judge whether a sentence was
meaningful: F (1, 12) = 5.97, p=.03. The Treatment Group (M=10.43, SD= 1.98)
outperformed the Wait-Listed Control (M=8.00, SD=2.24). See Table 1.

For additional evidence that the RAP treatment improved silent reading comprehension rate,
repeated ANOVASs were conducted for each standardized test given at pretest and posttest
for each group separately. For the initially treated group, when each participant served as his
or her own control, improvements were observed over time on Sentence Sense rate, F (1, 6)
=8.59, p=.026, from pretest (M=8.57, SD=2.57) to posttest (M=10.43, SD=1.98) and on
Silent Contextual Reading Rate, F(1, 6)=7.26, p=.036 from pretest (M=84.43, SD=10.45) to
posttest (M=92.71, SD =13.15). That is, treatment effects were observed not only for silent
word reading word rate in the context of sentences, but also for silent sentence reading rate
when the task involved word-level identification of all words in a sentence and meaning of a
sentence based on each word and the syntax in which they are embedded. When the wait-
listed control did receive treatment, significant improvement was observed on Sentence
Sense rate, F (1, 5)=5.99, p=.058 (significant directional hypothesis), from pretest (M= 8.00
SD= 2.24) to posttest (M= 8.71, SD=1.50), but not on the rate measures for word reading
with and without sentence context.
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RAP learning trials as outcome—The last RAP learning trial for the initially treated
group was compared to the first RAP learning trial for the wait-listed group. The hypothesis
that the combined instruction would improve RAP rates for criterion comprehension levels
was supported in this quasi-experimental comparison of two groups of fourth graders at risk
for silent reading comprehension rate. When the initial treatment group had completed
treatment and the wait-listed control group had not yet received treatment, the first group
performed higher than the second group on the RAP score based on rate and accuracy of
reading comprehension, F (1, 13)=25.63, p <.001. The treated group's mean RAP score at
end of intervention was 19.43 (SD=8.40), whereas the wait-listed control group's mean RAP
score before beginning intervention was 3. 29 (SD=1.25). That is, the group who had
received RAP training could meet comprehension accuracy criterion if letters disappeared at
a rate of 19.43 letters per second, whereas the untreated group could maintain
comprehension accuracy criterion only if the mean rate at which the letters disappeared was
on average 3.29 letters per second. However, no differential treatment effects were observed
related to rate or accuracy on the specific kinds of items (cloze, logic, or paragraph tasks),
which varied in level of language, used during RAP training.

Repeated measures showed that over the course of the RAP training (first block of three
lessons, second block of three lessons, and last block of three lessons), the initial Treatment
Group showed a significant time effect, F(1, 6)=66.50, p <.001. So did the wait-listed
control group when they received their RAP training, F(1,6)=297.52, p <.001.

Individual Differences Affecting Outcomes for Combined RAP and Strategy Instruction

For analyses based on the combined sample (N=14), the parental ratings of their child's
inattention and test scores for working memory for storing and processing written words
were significantly correlated with Sentence Sense accuracy at posttest after completion of
the instructional sessions: r=.653 for inattention ratings, p=.011; and r=.635 for working
memory-written words, p=.026. However, Sentence Sense rate (silent sentence reading rate),
for which RAP training effects were already reported, was significantly correlated with
Sentence Sense accuracy at posttest, r=.735, p=.003. The working memory scores did not,
however, significantly change from pretest to posttest. Thus, working memory may affect
treatment outcomes rather than being changed by the combined RAP and strategy
instruction used in the current study.

Discussion

Validity of Research Findings

Shadish, Cook, and Campbell (2002) discussed four kinds of validity in research designs:
internal, construct, statistical, and external. Two findings support the internal validity, that
is, probable cause-effect relationships for the combined computerized reading
comprehension and self-regulation strategy treatment. First, although the treatment and wait-
listed controls did not differ in their pretest measures of silent reading rate for words with or
without context or silent sentence reading rate prior to treatment, after the initial treatment
group received treatment, the treatment group did differ significantly from the wait-listed
control before treatment on a normed measure of silent sentence reading rate. Second, each
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of the groups did show statistically significant improvement from pretest before treatment to
posttest after treatment on the silent sentence reading rate measure, and the first group
improved on word reading rate within sentence context. This replication of the effect for
silent sentence rate across two separate groups on the same normed measure contributes to
the internal validity of the outcome measure.

The treatment effect was also detected on the RAP scores for which individually tailored
presentation rates were yoked to comprehension criteria for each of the three tasks requiring
different levels of language processing—Ilexical, syntactic, and text. That RAP treatment
effects were observed on both the normed measures before and after treatment and the RAP
scores during treatment provides converging evidence across different learning outcomes.
This converging evidence across dependent measures contributes to the construct validity of
measures used for assessing learning outcomes.

Although sample size is relatively small for randomized controlled designs, statistically
significant effects were found, which were replicated across two independent samples.

Statisticians such as Mosteller and Tukey (1977) have argued that statistically significant
findings in small samples are more robust than those requiring very large samples to have
the power to detect small statistically significant differences. Thus, statistical validity was
adequate for an initial study exploring the potential application of RAP accelerated reading
training to the fourth grade transition to silent reading.

External validity is limited to generalizing findings only to English-speaking children with
documented relative weaknesses in silent reading rate despite adequate oral reading
accuracy and reading comprehension at the fourth grade to fifth transition (end of fourth
grade) who do not qualify for free and reduced lunch and whose parents are well educated.
The results can be generalized to girls and boys (both groups had roughly the same number
of girls and boys) and to mixed racial/cultural backgrounds (only half were only European-
American).

Contribution of New Knowledge with Educational Applications

Results provided support for the first and second hypotheses for silent sentence rate of
sentences on a normed measure and for words, sentences, and text on RAP scores during
computerized silent reading rate training. That is, this study yielded evidence that
identifying children with silent reading rate problems and providing them with combined
computerized instruction for reading rate and strategy instruction for attending and engaging
may help overcome these silent reading rate problems. However, such evidence was found
only on the reading rate measures that took into account comprehension across levels of
language—words, sentences, and text (RAP) or words and sentence syntax (Sentence Sense)
—not just rate of silent word identification with or without context. The third hypothesis that
attention and working memory may affect learning outcomes for silent reading
comprehension rate was confirmed, but the hypothesis that the combined RAP and strategy
treatment would improve working memory outcomes following treatment was not
confirmed.
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The current study adds new knowledge regarding the three issues highlighted in the
introduction: (a) intervention components that can facilitate improvements in silent reading
comprehension rate during the transition in the middle grades to increasing silent reading in
school curriculum; (b) proof of concept that intervention at this transition time may
contribute to prevention of future silent reading comprehension rate because participants
showed improved silent reading after just nine sessions; and (c) the RAP computerized tool
that controls rate of written text presentation yoked to criterion level of silent reading
comprehension, when combined with strategy instruction for paying attention to and
engaging in the computerized instruction, can lead to significant improvement in silent
reading rate. Moreover, individual differences in working memory for storing and
processing written words may affect learning outcomes for silent reading rate instruction.

Of interest, treatment effects observed on normed measures were observed on a measure of
silent sentence reading rate which required integration of levels of language processing—
lexical and syntactic—as does reading comprehension. That is not to say that some students
do not have weaknesses or disabilities in silent word reading rate—they do. However, the
combined computerized and strategy instruction used in the current study may not be the
most effective approach to remediating that word-level silent reading rate problems alone.
Rather the combined computerized and strategy instruction in the current study led to
significant improvement in a silent sentence rate on a normed measure that required syntax
(sentence)- as well as lexical (word) comprehension and RAP scores yoked to training
comprehension across levels of language. Other interventions and assessment tools might be
used in future research on teaching and assessing learning outcomes for silent reading skills.

Currently recommendations for accommodations in the form of more time on tests are made
for students on the basis of oral reading rate measures even though the timed tests for which
accommodations are generally sought tend to require silent reading. Measures of silent word
reading rate and silent reading comprehension rate are needed to make decisions about the
need for accommodations in the form of extra time on tests that require silent reading. More
research is needed on evidence-based assessment for determining need for additional time
on silent reading tests

The goal of the current research was not to develop definitions for qualifying students with
silent reading weaknesses for pull-out special education services. Rather, the goal was to
bring attention to the unmet needs in identifying silent reading problems during the
transition to increasing reliance on silent reading and implementing evidence-based
instruction to prevent silent word reading rate and/or silent sentence reading rate problems
from developing into persisting specific learning disabilities that may affect silent reading
comprehension. Early identification and intervention for oral reading problems—both
accuracy and fluency (e.g., Read Naturally, 1997-2008), while necessary, may not be
sufficient. More attention should also be paid to screening for silent reading rate problems
across levels of language during the fourth grade transition to silent reading to identify those
who would probably benefit from instructional intervention to improve silent reading
comprehension accuracy and rate. Future research should also investigate computerized
silent reading comprehension rate training across the life span (e.g., Breznitz, Shaul,
Horowitz-Kraus, Sela, Nevat, & Karni, 2013). Research evidence is also accumulating for
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the effectiveness of explicit non-computerized instruction in strategies for reading
comprehension (e.g., Denton et al., 2011; Katzir, Leseaux, & Kim, 2009; McKeown, &
Beck, in press).

Teaching Silent Reading Instruction with Working Memory in Mind

Both attention and working memory-words may influence learning outcomes for RAP
training. Each of these individual differences measures was correlated with accuracy of
silent sentence comprehension task at posttest, which in turn was correlated with a measure
of silent sentence comprehension rate. The finding for attention points to the importance of
teaching children to self-regulate their attention during written language learning with or
without use of computer tools, which alone may not be sufficient (see Buly & Valencia,
2002; Dewitz, & Dewitz, 2003). The strategies in the Appendix, or ones developed by other
researchers and practitioners, might be used along with RAP or other computerized
instructional tools in future research to investigate how strategies for self-regulation of
attention may facilitate RTI for silent reading.

There was no evidence that RAP had a treatment effect on Working Memory for storing and
processing written words. Rather, the relationship appears to operate in the other direction:
Working memory for storing and processing words influences learning outcomes for RAP
training, at least on a task requiring coordination of word- and sentence-level processing.
This finding for the role of word-level working memory processes in reading is consistent
with prior research using computerized paradigms such as Potter's (1984) Simultaneous
Sentence Presentation (SSSP) and Rapid Serial Visual Processing (RSVP) with children
(Berninger, 1994). Future RAP or other computerized training for silent reading
comprehension accuracy and rate might investigate the effects of controlling pace of reading
by having words rather than letters disappearing at specific individually tailored rates.

Summary and Conclusions

Without intervention to improve silent reading comprehension accuracy and rate, fourth
graders with relative weaknesses in silent reading may struggle in the later grades when the
amount and nature of silent reading required increases. Typically children with slower
reading rates may qualify for accommodations in the form of more time on tests, which
require silent reading. Such accommodations should not be based only on oral reading rates,
but also silent reading rates. Moreover, during middle childhood children with silent word
reading and/or reading comprehension accuracy and/or rate problems should be given
specialized instruction in silent reading skills not just accommodation. Such instruction
might utilize instruction that combines components regulated by the computer teacher to
ensure fidelity of treatment implementation with self-regulation strategies taught by the
human teachers to develop the student's self-regulation skills that transfer to other learning
contexts in which neither a computer nor human teacher may be available and the student
has to manage his or her own silent reading comprehension.
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Appendix

Student Strategies for Paying Attention to and Engaging with Rapid

Accelerated Reading Program (RAP)
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the beginning or the first sentences of the paragraph.

O Think ahead about questions that the computer may ask. Think about who
the paragraph is about, what happened, where, when, why, and how.
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O Think about the sentence as a whole.
O Think about the possible answers.
O Think about which answer makes the best sense in completing the sentence.

Keep in mind: Logical sentences make sense and not logical sentences do not make
sense.
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words before they disappear.
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Pretreatment Means and Standard Deviations for Treatment Group (N=7) and Wait-Listed Control Group

(N=7) and Posttest Means and Standard Deviations for Reading Measures Repeated at Posttest

Treatment Group  Wait List Control Group

M (SD) M (SD)
WIAT2 word reading accuracy
Pretest 98.86(12.84) 102.20 (7.05)
Posttest n.a.
WIAT2 nonword reading accuracy
Pretest 97.43 (13.06) 101.20 (7.52)
Posttest n.a.
WIAT?2 reading comprehension
Pretest 98.86 (12.21) 102.40 (6.19)
Posttest n.a.
TOSWREF Silent Word Reading Rate
Pretest 88.57 (9.32) 91.80 (9.04)
Posttest 91.57 (14.81) 90.86 (13.66)
TOSCREF Silent Contextual Reading Rate
Pretest 84.43 (10.45) 90.40 (10.64)
Posttest 92.71 (71 (13.15) 90.86 (13.66)
PAL 2 Sentence Sense fluency
Pretest 8.57 (2.57) 8.00 (2.24)
Posttest 10.43 (1.98) 8.71 (1.50)

Notes. See methods for tests. Treatment group and wait-listed control groups did not differ significantly on any tests before treatment (pretests).
See text for the measures on which each group made significant gains from pretest to posttest. Note that the WIAT 1I, TOWCRF, and TOSCRF
scores are on a scale with M=100, SD=15, but PAL-2 is on a scale of M=10, SD=3.
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