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Abstract

Efficacy of an intensive reading intervention implemented during the nonacademic summer was evaluated in children with
reading disabilities or difficulties (RD). Students (ages 6—9) were randomly assigned to receive Lindamood-Bell’s Seeing
Stars program (n = 23) as an intervention or to a waiting-list control group (n = 24). Analysis of pre- and posttesting
revealed significant interactions in favor of the intervention group for untimed word and pseudoword reading, timed
pseudoword reading, oral reading fluency, and symbol imagery. The interactions mostly reflected (a) significant declines in
the nonintervention group from pre- to posttesting, and (2) no decline in the intervention group. The current study offers
direct evidence for widening differences in reading abilities between students with RD who do and do not receive intensive
summer reading instruction. Intervention implications for RD children are discussed, especially in relation to the relevance

of summer intervention to prevent further decline in struggling early readers.
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Specific learning disability (SLD) is the most prevalent disabil-
ity category in the United States, occurring in 5% of enrolled
students (U.S. Department of Education, National Center for
Education Statistics, 2013). An estimated 80% of children with
SLD present with difficulties in reading (Lerner, 1989;
Shaywitz, Morris, & Shaywitz, 2008). Commonly, these chal-
lenges extend into adulthood (e.g., Bruck, 1992). Given the
prevalence and long-term impact of reading challenges, a focus
on improving outcomes for students with reading disabilities
and difficulties (RD) early is a major focus in education.

Early intervention is the most effective strategy for
improving short- and long-term outcomes for children with
RD (Gabrieli, 2009; Gilbert et al., 2013; Schatschneider &
Torgesen, 2004). However, challenges in choosing interven-
tion programs that will be effective and delays in identifying
at-risk readers (typically occurring in third grade or later in
U.S. schools) are limitations to implementing early interven-
tion (Snowling, 2013). Furthermore, insufficient research is
available regarding the efficacy of available interventions for
at-risk readers in early elementary school (Denton, 2012).
Since the integration of response to intervention (RTI) into
U.S. federal law (Individuals with Disabilities Education Act,
2004), school districts have the option of implementing this

preventative framework. RTI is intended to improve the
developmental trajectory of students at risk for academic dif-
ficulty via early intervention using effective research-based
interventions in tiers of intensity and individualization
(Denton, 2012). Schools implementing RTI carry the burden
of making important program selection decisions in the con-
text of limited time, finances, and staff resources, thus mak-
ing more pressing the need for additional research on the
efficacy of reading intervention programs. In the present
study, we examined the efficacy of a particular reading inter-
vention, Seeing Stars (Bell, 2007), administered over the
summer to young children with RD.
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Importance of Early and Intensive Reading
Intervention

Early and intensive intervention yields the strongest
effects for promoting reading development in RD children
(Al Otaiba & Fuchs, 2002; Fletcher & Foorman, 1994;
Hanselman & Borman, 2013; Kennedy, Birman, &
Demaline, 1986; H. L. Swanson, 1999; Vaughn, Denton,
& Fletcher, 2010; Wanzek & Vaughn, 2007). Reviews of
reading intervention efficacy for children in early primary
school indicate the potential for positive outcomes, par-
ticularly following small-group instruction (Wanzek &
Vaughn, 2007). However, more research is needed to
understand the conditions under which students with RD
can benefit the most from intervention, given the persis-
tence of difficulties for young readers (Torgesen, 2000)
and legislative efforts to ensure students are competent
readers by third grade (National Conference of State
Legislatures, 2014).

In the RTI framework, strong evidence supports the effi-
cacy of intensive reading instruction (Vaughn et al., 2010)
delivered for 20 to 40 min for 3 to 5 days per week, with
instructional time allotment increasing from kindergarten to
early primary grades (Gersten et al., 2009). Without formal
intervention, students who struggle to develop proficiency
in reading during first grade show a .88 probability of dem-
onstrating poor reading skills in fourth grade (Juel, 1988).
When students with RD receive intervention in later years,
the interventions tend to stabilize reading deficits rather
than close reading achievement gaps (Torgesen, 2005).
Indeed, beyond the first three years of elementary school,
students with RD have significant difficulty reaching the
reading fluency levels of their peers (Torgesen, Rashotte, &
Alexander, 2001).

Even in studies reporting overall efficacy of interven-
tions for students with RD, there is substantial variation
in treatment response across students. Across six early
intervention studies, a wide range of 8% to 44% of stu-
dents remained below the 30th percentile on word reading
measures despite average gains for the treatment groups
at posttesting (Torgesen, 2004). These studies of effective
intervention occurred with (a) early readers in kindergar-
ten, first grade, or second grade; (b) intensive instruction
ranging from 35 to 340 hr; (c) small-group or one-on-one
instruction; and (d) phonologically-based programs.

Seeing Stars Program

Seeing Stars: Symbol Imagery for Fluency, Orthography,
Sight Words, and Spelling is one of the primary reading
intervention programs offered by Lindamood-Bell. The
program was developed as a multisensory approach to teach
phonological and orthographic awareness, sight word
recognition, and comprehension in a developmental or

remedial capacity. Seeing Stars emerged as a complement
to the Lindamood Phoneme Sequencing (LiPS) program,
which focuses on the articulatory, phonological, and audi-
tory components of language and their connection to writ-
ten language. The majority of published intervention studies
have used such programs that are theoretically driven by the
phonological deficit hypothesis for students with RD (A. W.
Alexander & Slinger-Constant, 2004), with the goal of
enhancing phonological abilities to support subsequent
orthographic processing and reading. In contrast, Seeing
Stars has a primary instructional focus on improving read-
ing via orthographic and visual processing training, and
subsequent phonological training.

The Seeing Stars curriculum is inspired by evidence
that visual and imagery processes can support reading-
relevant processes (Bell, 2007; Kosslyn, 1976; Linden &
Wittrock, 1981; Long, Winograd, & Bridge, 1989). The
dual coding theory underlies the Seeing Stars program,
and postulates that cognition relies on two systems when
readers are engaged with text: a system dedicated to lan-
guage and another system specialized in nonverbal infor-
mation processing (i.e., visual imagery; Sadoski & Paivio,
2013). The program aims to harness the potential of both
language and imagery of printed text to facilitate fluent
decoding and spelling, and ultimately comprehension.
The cost of the program depends on several factors,
including the scale of implementation, need for teacher
training, and how extensively the program will be used
(i.e., which level of RTI). The small-group and intensive
duration parallel the instructional formats typical of effec-
tive phonologically-centered interventions for young
children. For the current study, reading instruction was
offered free of charge.

The curriculum for Seeing Stars calls for explicit instruc-
tion in visualizing units of increasing size: letters, syllables,
words, connected text. Students are introduced to this main
curricular goal at the beginning of their instruction via the
analogy that just as the stars are parts of the sky, letters are
parts of words. The goal of building mental visual represen-
tations of written language units follows a consistent lesson
format. First, the teacher presents the task and goal of the
session, then carries out the lesson, and ends with a lesson
summary detailing the main elements. Students learn to
visualize letters and write them in the air, both from seeing
the letters in print and from hearing the sounds they make.
During lessons for syllable imagery, students learn to visu-
alize with four main activities: conjure the mental image of
the target syllable; identify a specific letter among those in
the syllable; report the letters in the cluster backward; and
report the letters in the cluster after manipulating the letter
order. The program has an explicit focus on irregular sylla-
ble patterns as well. Instruction at the whole-word level
explicitly teaches both reading and spelling skills. The strat-
egies for parsing words into more accessible units span
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single syllable to multisyllabic words, with the visualiza-
tion focused on the discrete orthographic patterns. Students
progress from visualizing orthography to learning how to
visualize the semantic information they read in connected
text as a strategy to monitor for meaning. Students are asked
to share the mental imagery that they conjure as they read
each sentence, and reread when their mental imagery does
not make sense. In this way, reading comprehension is an
explicit goal in the program by training students to visualize
not only orthographic units, but semantic content of written
text as well.

Empirical work evaluating the efficacy of Seeing Stars is
limited yet promising. In a study investigating the impact of
this reading intervention on brain structure, 11 children (ages
7-11; M =9.1 years, SD = 1.3) with developmental dyslexia
who completed an unspecified number of instructional hours
over 8 weeks showed standard score gains for untimed single
real word and pseudoword reading, rapid letter naming, read-
ing comprehension, phonemic awareness, and symbol imag-
ery (Krafnick, Flowers, Napoliello, & Eden, 2011). Although
this study did not include an independent control group, these
students appeared to maintain their gains 8 weeks later. As
part of a study investigating the brain basis of visual process-
ing in dyslexia, 22 students (ages 7-12; M = 9.6 years, SD =
1.4) completed 8 weeks of Seeing Stars and 8 weeks of either
math intervention or no intervention in a randomized order,
and showed statistically significant improvement for untimed
single word reading, untimed pseudoword reading, and pho-
nological awareness during the reading intervention period
but not during the combined control periods (Olulade,
Napoliello, & Eden, 2013). Remaining studies relied on a
single case design (Rauschecker et al., 2009) or used Seeing
Stars in combination with other reading programs (Eden
et al., 2004; Sadoski & Wilson, 2006). The Seeing Stars pro-
gram was chosen for use in this study to expand the informa-
tion available on intervention efficacy and to examine
whether an approach focusing primarily on orthographic
training and secondarily on phonological training can be
effective with students who have RD in early elementary
school. Furthermore, Seeing Stars is recognized as a program
commonly use in clinical and education settings (International
Dyslexia Association, 2007).

The current randomized controlled trial investigated the
impact of the Seeing Stars intervention for young children
with RD by asking whether an intensive, small-group sum-
mer program of Seeing Stars intervention for children ages
6 to 9, relative to a waiting control group, has a positive
effect on targeted outcomes in symbol imagery, single word
and pseudoword reading, and oral reading fluency.

Method

Children were assigned randomly to an intervention group
(n=23) or a waiting control group (n = 24) that was offered

equivalent intervention access after completion of the study.
Participants completed assessments of reading and related
skills before and after the intervention period. Intervention
group participants received a reading intervention program
in small groups (35 children per instructor) in an intensive
delivery model.

Participants

Participants (69 years old) were recruited via community
outreach efforts including contacting local area school staff,
posting to parent and community online groups, and adver-
tising on media outlets. All enrollees were native English
speakers and parent questionnaire responses indicated
absence of neurological or psychiatric impairments, or
associated medications. Participants completed behavioral
testing with trained researchers at the Massachusetts
Institute of Technology (MIT). Informed consent from par-
ents and assent from children for participation in the study,
approved by the MIT Institutional Review Board, were
obtained.

Participants attended three testing sessions: screening,
preintervention, and postintervention. Children were ini-
tially considered for inclusion based on the presence of
developmental reading difficulties and/or a current diagno-
sis of RD. Parent questionnaire responses indicated that 26
children held a diagnosis of a language-based learning dis-
ability (LBLD), with 13 children in the nonintervention
group and 12 children in the intervention group. In addition,
participants were required to score below the 25th percen-
tile on at least two of the reading or reading subskill mea-
sures from the screening battery (see below for measures).
All participants were required to demonstrate nonverbal
cognitive performance (Kaufiman Brief Intelligence Test—
2nd Edition; KBIT;, Kaufman & Kaufman, 2004) at or
above the 16th percentile. One participant from each group,
both reassigned after original group designation due to fam-
ily request related to scheduling conflicts and by study staff
reassignment to balance sample sizes, respectively, was
omitted from the final analysis due to violation of the ran-
domization procedure.

Following randomized assignment to the summer read-
ing intervention group (n = 23) or the nonintervention group
(n = 24), there were no significant group differences on
screening measures, LBLD diagnosis, age, grade, gender,
or socioeconomic status (SES; Table 1).

At the start of the study, nine children carried attention-
deficit/hyperactivity disorder (ADHD) diagnoses given by
external clinicians. Among this group, seven children (five
on medication daily) were in the intervention group and two
children (one on medication daily) were in the noninterven-
tion group. Statistical analyses included ADHD diagnostic
status as a covariate to control the potential contribution of
this characteristic on group effects.
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Table I. Participant Demographic Characteristics by Group.

Intervention group

Nonintervention group

(n=123) (n=124) All participants (N = 47)
Age (years) M=767 £0.53 M=776%0.69 M=772+0.61
n, years = n, Jears = White: n = 38, Ma‘ge =777 +0.61
N, ears = N, ears = Black/African American: n = 3, Mage =792+ 1.0l
Mg vears = Mg vears = American Indian/Alaska Native: n = 2, Mage =7.17 £ 024
Ny vears = Ny ears ~ Hispanic: n = |, age = 7.08
Multiracial: n = |, age = 7.00
Other: n =2, Mage =7.67+0.12
Grade M=143 %05l M=146%0.51 M=145=0.51
Gender Male: n = 14 Male:n =16 Male: n = 30
Female:n=9 Female:n=8 M =783+0.64
M. =5058 £ 9.97
Female,n =17
Mage =7.52+053
MSES =51.06 £11.92
SES M=150.8310.13 M=5070+11.28 M =50.76 £ 10.62

White: MSES =5147 £ 11.19

Black/African American: MSEs =48.17 £9.70
American Indian/Alaska Native: MSES =50.75 £ 1.06
Hispanic: n = 1, SES = 35.00

Multiracial: n = 1, SES = 53.00

Other: n = |, SES = 48.00

Note. Values are M + SD. Socioeconomic status (SES) is based on the Barratt Simplified Measure of Social Status.

Measures

Participants completed the measures described below. In
addition, parents completed questionnaires regarding devel-
opmental history, including diagnostic history for reading
and attention disorders. Test descriptions include testing ses-
sion (screening, preintervention, postintervention) and
repeated administration information. Pre- and posttest scores
are reported for targeted outcome measures for timed and
untimed word and pseudoword reading, oral reading flu-
ency, and symbol imagery. Remaining pretest measures are
reported for sample characterization purposes. All partici-
pants completed posttesting within 3 weeks of study com-
pletion. All testing was completed before formal schooling
began, except for one intervention group participant (tested
after 2 days of school instruction) and four nonintervention
group participants (M = 14, SD = 12.49; range = 2-28 days).

Measures administered at pretest for sample characterization

Cognitive skills, executive function, attention, behavior. Non-
verbal cognitive ability was measured with the Matrices
subtest of the KBIT (Kaufman & Kaufman, 2004). Partici-
pants identified which picture in a series fits into an increas-
ingly complex matrix. This measure was completed during
screening only, because these scores were not expected to
change as a result of participation. Split-half reliability is
.87 to .89 for ages 6 to 9.

Parent surveys. A parent of each participant was asked
to complete questionnaires one time to index aspects of
behavior (Behavior Assessment System for Children, 2nd
Edition; BASC; Reynolds & Kamphaus, 2004), attention
(Conners’ Rating Scales—Revised; CRS; Conners, 1997),
and executive functions (Behavior Rating Inventory of
Executive Function; BRIEF; Gioia, Isquith, Guy, & Ken-
worthy, 2000). Internal reliability across questionnaires
ranges from .72 to .98.

Oral language. The Peabody Picture Vocabulary Test—4
(PPVT,; Dunn & Dunn, 2007), a receptive vocabulary task,
required participants to indicate by pointing which of four
drawings corresponded to a word read aloud by the exam-
iner. Cronbach’s alpha ranges from .94 to .96. PPVT was
administered during preintervention only because these
scores were not expected to change as a result of study par-
ticipation.

The Listening Comprehension subtest of the Oral and
Written Language Scales—II (OWL LC; Carrow-Woolfolk,
2011) required participants to choose one of four pictures
that corresponded to a sentence read aloud by the examiner.
This measure was completed during preintervention. Split-
half reliability ranges from .97 to .98.

Phonological awareness. Phonological awareness was mea-
sured with Elision (EL) subtest from the Comprehensive Test
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of Phonological Processing (CTOPP; Wagner, Torgesen,
& Rashotte, 1999), which required participants to remove
sounds from words read aloud by the examiner. Screening
scores are reported. Reliability indices are .89 for internal
consistency, .96 to .99 for interscorer, and .82 for test-retest.

Rapid automatized naming. Rapid naming skills were
measured using the Letters (L) subtest of the Rapid Autom-
atized Naming and Rapid Alternating Stimulus Tests (RAN/
RAS; Wolf & Denckla, 2005), for which participants were
asked to name letters accurately and quickly. Screening
scores are reported. Reliability indices are .98 for interrater
and .90 for test-retest.

Text comprehension. Reading comprehension was
assessed using the Passage Comprehension (PC) sub-
test of the Woodcock Reading Mastery Test—III (WRMT,;
Woodcock, 2011), which is a cloze reading task for which
readers provide a word missing from the sentence. Prein-
tervention scores are reported. Split-half reliability ranges
from .84 to .93.

Measures administered at pretest and posttest

Word (orthographic) recognition or decoding. For the Sym-
bol Imagery Test (SIT; Bell, 2010), participants viewed
cards with letters or pseudowords for 2 to 7 s and were then
asked to report what they were shown. This measure was
completed during preintervention and postintervention.
Cronbach’s alpha values range from .86 to .88. Test-retest
reliability is .95.

Sight-word reading was measured with the Word
Identification (WI) subtest of the WRMT, for which partici-
pants read a list of increasingly challenging words.
Decoding was measured with the Word Attack (WA) subtest
for which participants read increasingly challenging pseu-
dowords. These measures were completed during preinter-
vention and postintervention using alternate forms.
Split-half reliability ranges from .92 to .98 for Wl and .91 to
.95 for WA. Alternate form reliability ranges from .80 to .93
for WI and from .72 to .74 for WA.

Timed reading ability was indexed by accuracy for read-
ing real words (Sight Word Efficiency; SWE) and pseudo-
words (Phonemic Decoding Efficiency; PDE) within 45 s
on the Test of Word Reading Efficiency—2 (TOWRE,;
Torgesen, Wagner, & Rashotte, 2012). These measures were
completed during preintervention and postintervention
using alternate forms. Reliability estimates across subtests
are .91 to .92 for alternate forms, .90 to .91 for test-—retest,
and .99 for interscorer.

Connected text fluency. For the Oral Reading Fluency
(ORF) subtest of the Dynamic Indicators of Basic Early
Literacy Skills—6 (DIBELS; Good & Kaminski, 2002), par-
ticipants read three connected-text passages for 1 min each.

Scores were calculated based on number of words read
accurately. This measure was completed during screening
and postintervention using Benchmark 3 forms for both
time points. Test—retest reliability indices range from .92 to
.97 (Tindal, Marston, & Deno, 1983).

Intervention

The intervention group received Seeing Stars in an inten-
sive delivery model during 6 weeks of the summer. This
group did not receive other Lindamood-Bell program com-
ponents; Seeing Stars was provided in isolation. Participants
attended the program 5 days per week for 4 hr each day,
totaling 100 to 120 hr of instruction. The sessions consisted
of curricular activities with a short break (5-10 min per
hour). Instruction occurred in groups of 3 to 5 children
assigned by reading level and was delivered by teachers
trained by and working for Lindamood-Bell who alternated
classrooms each hour daily, which resulted in comparable
exposure to each instructor and minimized or eliminated
potential teacher effects.

Efforts to maintain treatment fidelity included teacher
training and teacher monitoring. First, teachers in the study
were staff members of and trained by the Lindamood-Bell
program. The company offers, on average, 80 hr of formal
instruction followed by about 80 hr of clinical observation
in the teacher training process. Second, during the study,
there were three levels of monitoring in class implementa-
tion efficacy offered by a project consultant manager, a
regional director, and a corporate director of instruction.
Observations informed recommendations from these super-
visors to modify curriculum implementation. The attrition
rate was zero.

Elective Activities

Parents of participants were asked to report additional read-
ing remediation their child received during the study period.
Of the 23 intervention participants, 20 (via parents)
responded to the survey; only 1 reported additional reme-
diation of 2 hr per week for 6 weeks at a local learning cen-
ter. Responses from 23 out of the 24 nonintervention
participants indicated that 7 children had private tutors
averaging 1.6 hr per week for 6.2 weeks; 5 attended a com-
mercial reading program or summer school averaging 10 hr
per week for 6.6 weeks; and 11 received no reading instruc-
tion. In contrast to the intensive 100 to 120 hr of instruction
for the intervention group, the nonintervention group read-
ing-related instruction ranged from 0 to 80 hr of total
instruction (M = 14.2, SD = 23.2). As reported below, cor-
relation analyses between hours dedicated to summer read-
ing instruction and outcomes on reading outcome measures
were conducted to evaluate the potential impact within
groups and among all students.
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Table 2. Pretest Behavioral Scores for Characterization by Group.

Measure Intervention group (n = 23; M % SD) Nonintervention group (n = 24; M + SD)
KBIT Matrices 107.17 £ 11.89 105.75 + 14.98
PPVT 112.17 £ 10.85 109.08 + 10.75
OWL Listening Comprehension 104.83 £ 9.33 104.75 £ 9.10
CTOPP Elision 8.05 = 1.53 843 £229
RAN Letters 90.32 £9.13 93.13 £ 11.10
WRMT Passage Comprehension 90.96 £ 11.49 90.79 + 7.47
BASC Externalizing Problems 47.36 £ 7.72 45.55 + 5.45
BASC Internalizing Problems 48.14 + 8.04 47.95 + 8.95
BASC Behavioral Symptoms 50.21 £ 6.02 48.50 + 6.96
BASC Adaptive Skills 50.23 £7.63 50.90 + 7.66
CRS Global Index 52.29 + 837 53.32+9.36
CRS DSM-IV Total 54.62 +9.12 54.18 + 8.68
BRIEF Behavioral Regulation 50.65 £ 9.76 51.29 +7.90
BRIEF Metacognition 5843 + 11.66 54.54 + 8.46
BRIEF Global Executive Composite 55.96 + 10.98 53.58 +8.22

Note. BASC = Behavior Assessment System for Children, 2nd Edition; BRIEF = Behavior Rating Inventory of Executive Function; CRS = Conners’ Rating
Scales—Revised; CTOPP = Comprehensive Test of Phonological Processing; KBIT = Kaufman Brief Intelligence Test—2nd Edition; OWL = Oral and Written
Language Scales—Il; PPVT = Peabody Picture Vocabulary Test—4; RAN = Rapid Automatized Naming; WRMT = Woodcock Reading Mastery Test-lll. Scores are
age-based standard scores for KBIT, PPVT, RAN, WRMT (M = 100, SD = |15); CTOPP (M = 10, SD = 3); BASC, CRS, and BRIEF (M = 50, SD = 10).

Analysis

To assess if the groups (intervention or nonintervention)
were comparable at baseline, a Hotelling’s T or two-group
between-subjects multivariate analysis of variance was con-
ducted on all pretest measures. Age-based standardized
scores were used for all analyses, except for DIBELS for
which raw scores were used.

To examine intervention effects across outcome mea-
sures (SIT, WRMT WI, WRMT WA, TOWRE SWE,
TOWRE PDE, DIBELS ORF), a MANCOVA was con-
ducted on the six posttest scores with the pretest scores as
the covariates. The MANCOVA was selected because the
dependent variables were statistically and conceptually
related, and it is more statistically powerful than analysis of
gain scores if the groups did not differ significantly at pre-
test (Weinfurt, 2000). The multiple dependent variables
reflect more accurately the reality of the phenomenon under
study. In addition, multivariate analysis limits the inflation
of Type I error rates (Meyers, Gamst, & Guarino, 2012).
The evaluations of assumptions were all met.

Separate MANCOVAs were conducted with the ADHD
diagnostic status as the covariate to identify whether initial
trends were maintained. Given the importance of acknowl-
edging the role of ADHD status among students with RD, this
additional analysis offers a deeper evaluation of the relation
between variables; however, outcomes regardless of ADHD
status are reported as the main findings to ensure comparabil-
ity to the majority of published research on reading efficacy.

To examine individual variability, change scores were cal-
culated (posttest minus pretest) for standardized word reading

outcomes as a composite (WRMT WI, WRMT WA, TOWRE
SWE, TOWRE PDE) to determine how many children in each
group showed no change or positive change of scores, as com-
pared to decline indicated by negative change. In addition,
correlation analysis was used to identify the relation between
these change scores and summer reading instructional hours. A
final analysis evaluated the proportion of children who met
stringent research-based criteria for RD at the end of the study.

Results

Pretest: Screening and Preintervention
Comparison of Groups

Intervention and nonintervention groups did not differ on
demographic characteristics, including age, #(45) = 0.50, p =
.62, gender, y’(1, N=47)=0.17, p= 68, or SES, as indicated
by matched scores on the Barratt Simplified Measure of
Social Status (Barratt, 20006), #(40) = 0.04, p = .97 (Table 1).

Participants from the intervention and nonintervention
groups exhibited no significant differences across reading
and related measures before intervention began (o = .001).
On average, the groups performed within normal limits for
their age and did not show significant group differences on
nonverbal cognitive abilities (KBIT); expressive language
(PPVT); oral language comprehension (OWL LC); phono-
logical awareness (CTOPP EL); rapid letter naming (RAN
L); passage comprehension (WRMT PC); BASC indices of
externalizing problems, internalizing problems, behavioral
symptoms, or adaptive skills; CRS indices of attention; or
BRIEF indices of executive function (Table 2).
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Table 3. Pretest and Posttest Behavioral Scores for Intervention Measures by Group.

Intervention group (n = 23) Nonintervention group (n = 24)

Time | Time 2 Time | Time 2
Measure M £ SD M £ SD M £ SD M £ SD F p npz
SIT 89.57 + 8.88 99.32 £ 9.16 87.57 £ 8.71 84.21 £9.53 20.52 <.001 406
WRMT WI 85.04 £ 11.59 85.65 + 9.90 85.29 + 8.50 78.58 £9.10 17.47 <.001 .368
WRMT WA 8743 £ 10.22 88.09 + 9.06 87.04 £ 11.96 79.04 £9.39 9.96 .004 249
TOWRE SWE 84.22 + 1141 80.04 £ 12.50 84.33 £ 10.53 7883 £ 11.15 0.88 .355 029
TOWRE PDE 79.32£9.32 80.48 + 9.44 80.26 + 10.43 72.86 + 9.60 792 .009 209
DIBELS ORF 30.31 +25.62 40.48 £ 29.11 35.61 +25.77 35.88 £ 22.36 4.50 .042 .130

Note. DIBELS = Dynamic Indicators of Basic Early Literacy Skills—6; ORF = Oral Reading Fluency; PDE = Phonemic Decoding Efficiency; SIT = Symbol
Imagery Test; SWE = Sight Word Efficiency; TOWRE = Test of Word Reading Efficiency—2; WA = Word Attack; WI = Word Identification; WRMT =
Woodcock Reading Mastery Test—Ill. Age-based standard scores (M = 100, SD = |5) are reported for assessments except DIBELS ORF (raw scores).

In addition, reading and reading-related skills did not
differ between groups at pretest (Table 3), based on
MANOVA results indicating that there were no univariate
or multivariate outliers at a = .001. Assumptions of nor-
mality, homogeneity of variance-covariance matrices, lin-
earity, and multicollinearity were all met. Using the
Wilks’s lambda criterion, the composite dependent vari-
ate was not significantly affected by group membership,
F(6,34)=0.43,p=.85.

Group Comparison: Intervention Effects

Descriptive statistics and MANCOVA results for each
posttest adjusting for pretest scores are reported in Table
3. There was a significant difference between groups as
indicated by the Wilks’s lambda criterion, F(6, 25) =
6.17, p < .001, n* = .597 (a very large effect size).
Univariate analyses were conducted on each dependent
measure separately to determine the locus of the statisti-
cally significant multivariate group effect. To control for
Type 1 errors, Bonferroni adjustment was employed.
Posttest scores were significantly higher for the interven-
tion group than the nonintervention group on SIT, WRMT
WI, WRMT WA, TOWRE PDE, and DIBELS ORF
(Figure 1). There was no significant group difference on
posttest TOWRE SWE scores.

Three trends appeared to be underlying significant group
differences. For untimed real-word reading (WRMT WI),
untimed pseudoword reading (WRMT WA), and timed
pseudoword reading (TOWRE PDE), the intervention
group showed no statistically significant changes in scores
while the nonintervention group declined significantly. On
oral reading fluency (DIBELS ORF), the intervention group
improved while the nonintervention group showed no sta-
tistically significant change. On symbol imagery (SIT), the
intervention group improved while the nonintervention
group declined.

MANCOVAs were recalculated to include ADHD diag-
nostic status as a covariate to identify whether initial trends
were maintained. Results were consistent for all measures
regarding statistical significance.

Individual Differences in Intervention Response

Reading improvement relative to pretest scores was
achieved by 50% of the participants in the intervention
group (M = —0.81, SD = 6.39) as indicated by composite
change scores (posttest minus pretest) greater than zero
based on standardized reading outcome measures (WRMT
WI, WRMT WA, TOWRE SWE, TOWRE PDE). This test
excluded DIBELS, which lacks standardized scores, and
SIT, which is closely related to the intervention program
and could inflate this index. Among students in the nonin-
tervention group (M =—7.18, SD = 4.48), only one partici-
pant showed a mean gain on these reading outcome
measures based on the composite change score. Score
declines were noted in 50% of the intervention group and in
95% of the nonintervention group. Using the benchmark of
positive change scores, analysis indicated that the propor-
tion of students in each group that met this benchmark dif-
fered significantly, *(1, N =43) = 10.93, p = .001.

We calculated effect sizes (Cohen’s d) for the outcome
measures to examine the magnitude of the differences
between the intervention and nonintervention groups.
Calculations were based on post- minus pretest standard-
ized scores (i.e., change scores). Untimed word reading
(WRMT WI) yielded an effect size of 0.96 (intervention:
M =0.61, SD = 7.90; nonintervention: M = —6.70; SD =
7.30). Untimed pseudoword reading (WRMT WA) yielded
an effect size of 0.87 (intervention: M = 0.65, SD = 11.61;
nonintervention: M = —8.00; SD = 7.95). Timed word
reading (TOWRE SWE) yielded an effect size of 0.19
(intervention: M =—4.17, SD = 7.14; nonintervention: M =
—5.50; SD = 7.03). Timed pseudoword reading (TOWRE
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Figure 1. Change scores by group for intervention measures.

Note. DIBELS = Dynamic Indicators of Basic Early Literacy Skills—6; ORF = Oral Reading Fluency. Standard error bars included. Standard score differences
are reported for all standardized measures; raw score differences are reported for DIBELS ORF.

PDE) yielded an effect size of 1.08 (intervention: M =
1.09, SD = 10.47; nonintervention: M =—8.52; SD = 6.96).
Oral reading fluency (DIBELS ORF) yielded an effect
size of 0.76 (intervention: M = 11.48, SD = 18.52; nonin-
tervention: M = 0.35; SD = 9.02). The SIT yielded an
effect size of 1.32 (intervention: M =9.55, SD =9.73; non-
intervention: M = —3.09; SD = 9.40).

Although the nonintervention group did not receive
instruction delivered through the study, 58% of children in
this group received formal summer reading instruction
according to parent reports. To determine the potential
influence of this instruction on reading outcomes, a correla-
tion between number of hours participating in summer
reading instruction and a composite score of the four stan-
dardized word reading outcome measure change scores
(posttest minus pretest) was used, which indicated a nonsig-
nificant relationship (r =.22, p = .37).

Furthermore, we evaluated the proportion of children in
each group who met stringent research-based criteria for
RD, as indicated by a standard score below the 25th percen-
tile on at least two of four single word reading measures
(WRMT WI, WA; TOWRE SWE, PDE). Although the

majority of children retained their RD status from pre to
post in both groups, one child (from the intervention group)
no longer met criteria, while several newly met RD criteria
(2 from intervention group; 5 from nonintervention group)
at the end of the study.

Discussion

This study investigated the impact of an intensive reading
intervention program, Seeing Stars, implemented in the non-
academic summer for early readers with RD. Although inter-
vention and control groups began with similar pretest scores,
significant benefits of intervention were observed on the
majority of word reading, pseudoword reading, and text read-
ing outcome measures, with children who received the inter-
vention showing relative gains (through maintenance or
improvement) across the summer and children in the control
group exhibiting relative stagnation or score declines. Both
groups declined significantly on speeded real word reading.
For the symbol imagery measure, which was most aligned
with the content of the intervention, students receiving the
intervention improved significantly, whereas students in the
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control group declined significantly. Group differences in
reading outcomes were not attributable to SES or baseline
differences in language ability, phonological awareness,
rapid naming, executive function, behavior, or attention
because there were no differences between groups on any of
these measures. Overall, there were statistically significant
benefits for students receiving the Seeing Stars intervention
relative to students in the nonintervention control group.

Three aspects of the significant benefits are noteworthy.
First, although the intervention group improved signifi-
cantly on two measures, three of the group differences
resulted from no pre to post changes in the intervention
group versus significant declines in the nonintervention
group. Second, within the intervention group there was
diversity of benefits, with half of the students showing some
gain and half showing no gain. Future investigations with
larger samples can examine factors that contribute to effi-
cacy at the individual level. This diversity was in striking
contrast to the nonintervention group in which 95% of stu-
dents failed to exhibit a pre to post composite gain.

Seeing Stars Intervention Efficacy

Although the current study extends our knowledge regard-
ing the efficacy of the Seeing Stars curriculum for students
in early elementary school with RD, two aspects of the find-
ings were unexpected. First, it was surprising that the inter-
vention had no influence on timed single real word reading
given significant influences on reading of words and pseu-
dowords in timed and untimed contexts, as well as oral
reading fluency. However, a possible explanation is that-
wthe group receiving intervention was learning strategies
that directed attention to letter-sound correspondence pat-
terns. Thus, as students implemented these pattern recogni-
tion strategies in words that they had previously been
reading by sight, reading speed may have slowed compared
to their initial rates. The relatively short duration of the
intervention (6 weeks) may have been a factor as well given
that over a longer period of time students can become more
adept at applying their knowledge of letter patterns with
automaticity. Second, more broadly, it was not anticipated
that for several measures the benefit of the intervention
would be expressed as the absence of a decline that occurred
in the group assigned to intervention. However, the impact
of summer months on readers with difficulties or disabili-
ties can be detrimental for reading outcomes. Notably, stu-
dents with RD do not typically make a year of progress in
an academic year, so maintaining standard scores during the
summer months (when they may be most vulnerable to
reading skill regression) should be considered an index of
progress even though students with RD did not, on average,
close the gap separating them from their typically reading
peers.

Despite these unexpected aspects of the results, the inter-
vention effects were substantial. The current study showed
the magnitude of the differences in the means favored the
intervention over the nonintervention group (d=0.19-1.32)
across measures. Focusing on the standardized word and
pseudoword measures (WRMT, TOWRE), performance
differences translated to a learning advantage of two months
for the intervention group over the nonintervention group.
Typically developing readers show average annual reading
gains expressed with an effect size of 0.97 from first to sec-
ond grade and 0.60 from second to third (Hill, Bloom,
Black, & Lipsey, 2007).

Although the current study’s implementation during the
summer differs from the typical academic-year timeframe
used in other investigations of Seeing Stars (Krafnick et al.,
2011; Olulade et al., 2013), the results converge to indicate
promising outcomes on average. The age range in this study
was somewhat narrower and younger (69 years) in compari-
son to the prior studies (7-11 years, Krafnick etal., 2011;
7—12 years, Olulade et al., 2013) and included a larger sample
size (n = 23) of students receiving intervention (n = 11,
Krafnick et al., 2011; n =22 in Olulade et al., 2013), in addi-
tion to a separate control group. The current study used a more
condensed treatment duration of 4 hr per weekday for 6
weeks, while comparable studies implemented treatment over
8 weeks (Krafnick et al., 2011), with a single study specifying
the duration of 3 hr per weekday for a total of 120 hr of
instruction given (Olulade etal., 2013) and neither study
reporting size of instructional groups. Across the current and
previous studies, the groups receiving intervention showed
relative benefits on measures of untimed single real and pseu-
doword reading (Krafnick et al., 2011; Olulade et al., 2013),
with the distinction that only in the current study was the ben-
efit of the treatment driven by the absence of decline on word-
level measures in the intervention group. Notably, Olulade
et al. (2013) report significant gains in word and pseudoword
reading following intervention compared to no significant dif-
ferences during a control period that followed. Compared to
gains in symbol imagery measures reported in Krafnick et al.
(2011), the current study suggests similar gains in symbol
imagery for the intervention group. Taken together, evidence
suggests that Seeing Stars can improve word-reading trajecto-
ries for early elementary school children in an intensive and
condensed time frame and in small groups.

The current study shares characteristics with other pro-
grams evaluated after at least 100 hr of instruction for children
with RD in kindergarten through third grade (Wanzek &
Vaughn, 2007). The current study implemented intervention
intensively over 6 weeks; in comparison, other interventions
studied lasted 5 months to longer than 1 year without showing
a robust relative difference across programs on student out-
comes (Wanzek & Vaughn, 2007). The current study findings
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converge with research indicating that optimized instruction
favors smaller groups, offered in first grade, combining pho-
nics and text instruction (Wanzek & Vaughn, 2007). Notably,
reading intervention studies tend to investigate the progress of
students during the academic year, when reading curricula are
replaced or enhanced with research-based programs.

Despite condensed, intensive, small-group instruction,
not all students were able to demonstrate immediate reading
gains. It is possible that for some children, the lack of posi-
tive change in reading outcomes reflected efforts that coun-
tered a tendency to show skill regression during the summer
months. Alternatively, these outcomes may have indicated
an attempt to apply strategies that were not yet mastered, or
a need for alternative curricular content, or longer interven-
tion duration. This possibility lends itself to research that
investigates how to optimize intervention strategies that are
individualized. Future studies can investigate the long-term
effects of the intervention program, in comparison to other
curricular approaches and across ability levels. Longitudinal
data are required, particularly in light of evidence indicating
that without sustained instructional support across early ele-
mentary school grades, children do not maintain reading
gains they acquired after a year of supportive instruction in
first grade (Connor et al., 2013).

Limitations

A study limitation is the absence of two additional control
groups that would have provided further insights into the
basis of the intervention findings. First, there was no active
control group receiving an intervention with a curriculum
unlikely to help with reading (e.g., on math or arts), but
similar to the Seeing Stars program in regards to other influ-
ences of small-group instruction for a similar duration and
intensity. A challenge for this research is that parents of
young children with RD are disinclined to make the neces-
sary efforts to have their children attend a summer program
designed to not help with reading. An interesting approach
to this dilemma is the within-subject cross-over design in
which children receive both intervention and active-control
conditions in a counterbalanced order (e.g., Olulade et al.,
2013). Second, a typically reading control group could also
have revealed whether the decline in the nonintervention
group was greater than that which occurs in typical students
across the summers after first or second grades.

Another study limitation is that findings cannot necessar-
ily be generalized to other instructional settings (e.g., in
school during the academic calendar), or intensity (i.e., varia-
tions on 4 hr per day). However, a meta-analysis of interven-
tions for students with RD indicated optimized outcomes
with intensive instruction delivered in early elementary
school in small groups (Vaughn & Wanzek, 2014). Another
potential limitation is that treatment fidelity monitored by
Lindamood-Bell staff was subjective, and did not include

quantitative metrics. However, the teachers who imple-
mented the Seeing Stars program were trained and experi-
enced instructors. The lack of consistent standards for
collecting and reporting fidelity information is a major limi-
tation for education intervention research more broadly, and
a critical requisite for future work that considers measures
including checklists, observations, recordings, and details on
intervention dosage (E. Swanson, Wanzek, Haring, Ciullo, &
McCulley, 2013). Finally, the difference between groups in
the number of instructional days of schooling before posttest-
ing was completed is a limitation, although it was noninter-
vention participants who received more schooling and this
ought to have only attenuated intervention efficacy.

Implications for Research and Policy

In addition to measuring the efficacy of the Seeing Stars
curriculum, this study offers the unique contribution of
evaluating intervention efficacy for young students with
RD during the summer months, with the pre to post design
also affording insights into developmental trajectories.
The absence of academic instruction in the summer often
leads to a partial loss of what had been learned, such as
reading skills, during the school year, a loss termed the
“summer slump.” Such a slump may be particularly per-
nicious for young students with RD who are already
behind their peers in reading ability at the end of first or
second grade and who experience a widening reading
achievement gap during the summer that is evident on
their return for the next school year. Indeed, the noninter-
vention group exhibited this widening gap by demonstrat-
ing declining reading scores across the summer equivalent
to one and a half months. The summer declines in RD
students are in sharp contrast to summer gains reported
for typical readers in the same early elementary school
grades (although beyond third grade summer declines are
observed; Cooper, Nye, Charlton, Lindsay, & Greathouse,
1996). This widening reading gap during the summer
months has been noted in studies of lower SES students
(K. L. Alexander, Entwisle, & Olson, 2007a, 2007Db;
Burkam, Ready, Lee, & LoGerfo, 2004; Cooper et al.,
1996; Heyns, 1987; McCoach, O’Connell, Reis, & Levitt,
2006; Mraz & Rasinski, 2007), and students eligible for
special education (Shaw, 1982) or diagnosed with lan-
guage impairments (Morgan, Farkas, & Wu, 2011).

It is important that the present study shows that remedia-
tion delivered in the summer can prevent, and by some mea-
sures narrow, the reading gap that is otherwise exacerbated
in the summer for students with RD. The intervention group
maintained their reading ability across the summer on
nearly all measures, and significantly improved their scores
on a few measures. The present findings align with prior
studies reporting that summer programs can reduce or pre-
vent summer slump in students characterized as having
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learning disabilities (Cornelius & Semmel, 1982), falling
short of literacy benchmarks (Zvoch & Stevens, 2011,
2013), coming from low SES homes (Johnston, Riley,
Ryan, & Kelly-Vance, 2015; Kim & Quinn, 2013), or
enrolled in schools with programs to foster summer reading
in minority children (Kim & White, 2008). Thus, the sum-
mer may offer a significant opportunity to support students
with reading difficulty in maintaining or improving their
reading skills rather than falling even farther behind, espe-
cially students from low SES environments (Allington &
McGill-Franzen, 2013), and to place those students on a
better trajectory for learning to read and for all the other
educational benefits and opportunities associated with
effective reading.
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